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Executive Summary


This Scoping Plan lays out the sector-by-sector roadmap for California, the world’s fifth1 largest 
economy, to achieve carbon neutrality by 2045 or earlier, outlining a technologically feasible, cost-
effective, and equity-focused path to achieve the state’s climate target. This is a challenging but 
necessary goal to minimize the impacts of climate change. There have been three previous Scoping 
Plans. Previous plans have focused on specific greenhouse gas (GHG) reduction targets for our 
industrial, energy, and transportation sectors — first to meet 1990 levels by 2020, then to meet the 
more aggressive target of 40 percent below 1990 levels by 2030. This plan, addressing recent 
legislation and direction from Governor Newsom, extends and expands upon these earlier plans with 
a target of reducing anthropogenic emissions to 85 percent below 1990 levels by 2045. This plan 
also takes the unprecedented step of adding carbon neutrality as a science-based guide and 
touchstone for California’s climate work. The plan outlines how carbon neutrality can be achieved by 
taking bold steps to reduce GHGs to meet the anthropogenic emissions target and by expanding 
actions to capture and store carbon through the state’s natural and working lands and using a 
variety of mechanical approaches.


What this means for California is an ambitious and aggressive approach to decarbonize every 
sector of the economy, setting us on course for a more equitable and sustainable future in the 
face of humanity’s greatest existential threat, and ensuring that those who benefit from this 
transformation include communities hardest hit by climate impacts and the ongoing pollution from 
the use of fossil fuels. The combustion of fossil fuels has polluted our air — particularly in low-income 
communities and communities of color — for far too long and is the root cause of climate change. 
This Scoping Plan helps us chart the path to a future where race and class are no longer predictors 
of disproportionate burdens from harmful air pollution and climate impacts.


The major element of this unprecedented transformation is the aggressive reduction of fossil fuels 
wherever they are currently used in California, building on and accelerating carbon reduction 
programs that have been in place for a decade and a half. That means rapidly moving to zero-
emission transportation; electrifying the cars, buses, trains, and trucks that now constitute 
California’s single largest source of planet-warming pollution. It also means phasing out the use 
of fossil gas used for heating our homes and buildings. It means clamping down on chemicals and 
refrigerants that are thousands of times more powerful at trapping heat than carbon dioxide (CO2). 
It means providing our communities with sustainable options for walking, biking, and public transit 
to reduce reliance on cars and their associated expenses. It means continuing to build out the solar 
arrays, wind turbine capacity, and other resources that provide clean, renewable energy to displace 
fossil-fuel fired electrical generation. It also means scaling up new options such as renewable 
hydrogen for hard-to-electrify end uses and biomethane where needed. Successfully achieving the 
outcomes called for in this Scoping Plan would reduce demand for liquid petroleum by 94 percent 
1 In October 2022, California was poised to become the world’s fourth largest economy.
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and total fossil fuel by 86 percent in 2045 relative to 2022.2 Despite these world-leading efforts, 
some amount of residual emissions will remain from hard-to-abate industries such as cement, internal 
combustion vehicles still on the road, and other sources of GHGs, including high global warming 
chemicals used as refrigerants.


The plan addresses these remaining emissions by re-envisioning our natural and working 
lands — forests, shrublands/chaparral, croplands, wetlands, and other lands — to ensure they play 
as robust a role as possible in incorporating and storing more carbon in the trees, plants, soil, 
and wetlands that cover 90 percent of the state’s 105 million acres while also thriving as a healthy 
ecosystem. Modeling indicates that natural and working lands will not, on their own, provide enough 
sequestration and storage to address the residual emissions. For that reason, it is necessary to 
research, develop, and deploy additional methods of capturing CO2 that include pulling it from the 
smokestacks of facilities, or drawing it out of the atmosphere itself and then safely and permanently 
utilizing and storing it, as called for in recent legislation. Carbon removal also will be necessary to 
achieve net negative emissions to address historical GHGs already in the atmosphere. 


This is a plan that aims to shatter the carbon status quo and take action to achieve a vision of 
California with a cleaner, more sustainable environment and thriving economy for our children. This 
ambitious plan will serve as a model for other partners around the world as they consider how to 
make their transition. As we have so often in the past, California can continue to serve as a leader 
in innovation that has produced not only the fifth largest economy on the planet, but ultimately 
one of the most energy-efficient economies, with a track record of demonstrating the ability to 
decouple economic growth from carbon pollution. This plan also builds upon current and previous 
environmental justice efforts to integrate environmental justice directly into the plan, to ensure that 
all communities can reap the benefits of this transformational plan. Specifically, this plan identifies a 
path to keep California on track to meet its SB 32 GHG reduction target of at least 40 percent below 
1990 emissions by 2030.


2 See CARB's energy demand reductions.



https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx
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• Identifies a technologically feasible, cost-effective path to achieve carbon neutrality by 2045
and a reduction in anthropogenic emissions by 85 percent below 1990 levels.


• Focuses on strategies for reducing California’s dependency on petroleum to provide
consumers with clean energy options that address climate change, improve air quality, and
support economic growth and clean sector jobs.


• Integrates equity and protecting California’s most impacted communities as driving principles
throughout the document.


• Incorporates the contribution of natural and working lands (NWL) to the state’s GHG
emissions, as well as their role in achieving carbon neutrality.


• Relies on the most up-to-date science, including the need to deploy all viable tools to
address the existential threat that climate change presents, including carbon capture and
sequestration, as well as direct air capture.


• Evaluates the substantial health and economic benefits of taking action.
• Identifies key implementation actions to ensure success.


3 IPCC. 2021. Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth 
Assessment Report of the Intergovernmental Panel on Climate Change. [Masson-Delmotte, V., P. Zhai, A. Pirani, 
S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy,
J. B. R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekçi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press.
In Press.


4 IPCC. 2018. Global Warming of 1.5°C. World Meteorological Organization. Geneva, Switzerland. 32 pp.
5 IPCC. 2021. Climate change widespread, rapid, and intensifying – IPCC. August.
6 United Nations. 2021. IPCC report: ‘Code red’ for human driven global heating, warns UN chief. August 9. 


The path forward is informed by robust science. The recent Sixth Assessment Report (AR6) of the 
Intergovernmental Panel on Climate Change (IPCC) summarizes the latest scientific consensus 
on climate change. It finds that atmospheric concentrations of CO2 have increased by 50 percent 
since the industrial revolution and continue to increase at a rate of two parts per million each year.3 
By the 2030s, and no later than 2040, the world will exceed 1.5°C warming unless there is drastic 
action. While every tenth of a degree matters — every incremental increase in warming brings 
additional negative impacts — climate-related risks to human health, livelihoods, and biodiversity 
are projected to increase further under 2°C warming, compared to 1.5°C.4 For example, at 1.5°C 
of global warming, we would experience increasing heat waves, longer warm seasons, and shorter 
cold seasons, but at 2°C of global warming, heat extremes would more often reach critical tolerance 
thresholds for human health and agriculture.5 We are already seeing unprecedented climate change 
impacts, such as continued sea level rise, that are “irreversible” for centuries to millennia, and we are 
dangerously close to hitting 1.5°C in the near term.6 To avoid climate catastrophe and remain below 
1.5°C with limited or no overshoot of that threshold, global net anthropogenic CO2 emissions need 
to reach net zero by 2050.



https://www.ipcc.ch/report/ar6/wg1/

https://www.ipcc.ch/report/ar6/wg1/

https://www.ipcc.ch/report/ar6/wg1/

https://www.ipcc.ch/report/ar6/wg1/

https://www.ipcc.ch/report/ar6/wg1/

https://www.ipcc.ch/sr15/

https://www.ipcc.ch/2021/08/09/ar6-wg1-20210809-pr/

https://news.un.org/en/story/2021/08/1097362
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It has been 16 years since the Global Warming Solutions Act of 2006 was passed and signed into law. 
In 2017, the second update to the Assembly Bill (AB) 32 Climate Change Scoping Plan7 (2017 Scoping 
Plan) laid out a cost-effective and technologically feasible path to achieve the 2030 GHG reduction 
target. At the time, many characterized the plan and the AB 32 target as unachievable, citing that it 
would lead to massive business and job loss, and excessive costs. Those predictions proved to be 
incorrect as California achieved its AB 32 target years ahead of schedule, all the while growing our 
economy, with the state distinguishing itself as a hub for green technology investment. This Scoping 
Plan draws on a decade and a half of proven successes and additional new approaches to provide 
a balanced and aggressive course of effective actions to achieve carbon neutrality in 2045, if not 
before, in addition to the 2030 goal.


California’s economy is projected to grow vigorously in the coming years and decades. In 2045, 
under a Reference Scenario, the gross state product would be $5.1 trillion, nearly $2 trillion more 
than in 2021, and allow growth that would add hundreds of thousands of jobs. Under the Scoping 
Plan scenario, impacts to economic and job growth would be negligible in both 2035 and 2045, while 
delivering $199 billion of benefits in the form of reduced hospitalizations, asthma cases, and lost work 
and school days due to the cleaner air supported by this plan. This should come as no surprise given 
the tremendous growth of California’s economy since the Great Recession of 2007–2009, even as the 
state has taken drastic measures to lower emissions. As noted, the savings associated with ambitious 
climate action are extensive, both in terms of avoided climate impacts and health costs. As described 
in Chapter 1, the health costs of climate and air pollution in the U.S. are well over $800 billion today 
and will continue to grow in the coming years8 without robust action. Similarly, the costs of delayed or 
insufficient climate action could cost the U.S. upwards of $14.5 trillion over the next 50 years.9 We can 
either take action now or pay the cost of inaction, both now and later.


We cannot take on this unprecedented challenge alone. Collaboration with the federal government, 
other U.S. states, and other jurisdictions around the world will continue to be fundamental for 
California to succeed in achieving its climate targets, especially as the pace of our efforts increases 
in the coming years. We believe this collaboration and coordination also creates a race to the top, 
encouraging and enabling other jurisdictions to achieve climate and air quality goals as well, and 
often providing lessons for national action.


One example of fruitful collaboration is California’s longstanding vehicle emissions standards 
programs, which have repeatedly been freely adopted by other states, consistent with the 
federal Clean Air Act. California’s programs frequently pioneer more rigorous standards or new 
technologies — such as the now-standard catalytic converter and the rules that led directly to the 
nation-leading numbers of zero-emission vehicles on our roads today. From initial standards for cars 


7 CARB. 2017. California's 2017 Climate Change Scoping Plan.
8 Alwis, D. D., and V. S. Limaye. No date. The Costs of Inaction: The Economic Burden of Fossil Fuels and Climate 


Change on Health in the United States. NRDC, The Medical Society Consortium on Climate and Health, and WHPCA.
9 Deloitte. 2022. The Turning Point: A New Economic Climate in the United States.



https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/scoping_plan_2017.pdf

https://www.nrdc.org/sites/default/files/costs-inaction-burden-health-report.pdf

https://www.nrdc.org/sites/default/files/costs-inaction-burden-health-report.pdf

https://www2.deloitte.com/content/dam/Deloitte/us/Documents/about-deloitte/us-the-turning-point-a-new-economic-climate-in-the-united-states-january-2022.pdf?id=us:2el:3dp:wsjspon:awa:WSJSBJ:2021:WSJFY22
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and trucks decades ago to the world-leading Advanced Clean Trucks program currently helping 
to electrify heavy-duty vehicles, this partnership continues to offer regulatory options and spread 
innovative technologies. A major example of future work is the Advanced Clean Cars II program, 
which lays out California’s legally binding path to achieving 100 percent zero emission vehicle (ZEV) 
sales in 2035.10 The California Air Resources Board (CARB) continues to work closely with many other 
states that also see zero-emission vehicles as critical to their climate and public health goals and 
expects many states to choose to adopt this regulation as well. This partnership with other states 
also creates market certainty for automakers, which in turn helps to ensure that California consumers 
have access to a variety of ZEVs at multiple price points.


The Scoping Plan Process
Four scenarios were extensively modeled to develop this Scoping Plan, with the objective of 
informing the most viable path to remain on track to achieve our 2030 GHG reduction target: a 
reduction in anthropogenic emissions by 85% below 1990 levels and carbon neutrality by 2045. 
All four have their merits and are informed by stakeholder input. The scenario ultimately chosen 
as the basis of this Scoping Plan is the alternative that most closely aligns with existing statute and 
Executive Orders. It was selected because it best achieves the balance of cost-effectiveness, health 
benefits, and technological feasibility.


For the first time, this Scoping Plan includes modeling and quantification of GHG emissions and 
carbon sequestration in natural and working lands (NWL). To date, the focus has been only on 
reducing the emissions of GHGs from our transportation, energy, and industrial sectors. The state’s 
2020 and 2030 GHG reductions targets only include these sources, as they are the primary drivers 
of climate change and disproportionate harmful air pollution in our vulnerable communities. This 
Scoping Plan, through the lens of carbon neutrality, expands the scope to more meaningfully 
consider how our NWL contribute to our long-term climate goals. For the first time, new and cutting-
edge modeling tools allow us to estimate the quantitative ability of our forests and other landscapes 
to remove and store carbon under different scenarios. These cutting-edge tools were developed 
through a stakeholder process and in coordination with other agencies for the purpose of this update 
and will continue to be refined over time and made available to others seeking to do similar work.


10 Executive Department. State of California. Executive Order N-79-20.



https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
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As recent data and Scoping Plan modeling shows, our NWL also can act as a source of emissions, 
principally in the form of wildfires. California’s forests are experiencing a deadly combination of 
drought and heat combined with a century of misguided fire suppression management. Scoping 
Plan modeling shows that, at this time and until our forests reach a balance through appropriate 
treatments, California’s NWL will act as a net source of emissions, not a sink. As such, the Scoping 
Plan includes policy direction and actions intended to quickly move the sector toward being a net 
sink and a more natural state, where wildfires will continue to be an important part of the healthy 
forest cycle but not at the intensity and frequency observed in recent years.


Development of this Scoping Plan also includes careful consideration of, and coordination with, 
other state agencies, consistent with Governor Gavin Newsom’s whole-of-government approach 
to tackling climate change. State agency plans and regulations, including the SB 100 Joint Agency 
Report,11 State Implementation Plan, Climate Action Plan for Transportation Infrastructure,12 AB 
74 Studies on Vehicle Emissions and Fuel Demand and Supply,13,14,15 Short-Lived Climate Pollutant 
Strategy (SLCP Strategy),16 CARB’s Achieving Carbon Neutrality Report,17 Climate Smart Lands 
Strategy,18 Natural Working Land Implementation Plan,19 and the California Climate Insurance Report: 
Protecting Communities, Preserving Nature, and Building Resiliency,20 among others, provided 
critical inputs and data points for this plan. This Scoping Plan is the product of work by multiple 
agencies across the Administration, including dozens of public workshops and years of rigorous 
analysis and economic modeling by California’s leading institutions. This cooperation on planning 
lays the foundation for even closer coordination among and between state agencies to put the plan 
into effect.


The plan is also the product of tireless efforts of, and recommendations from, the AB 32 
Environmental Justice Advisory Committee (EJ Advisory Committee). The EJ Advisory Committee, 
created by statute, plays a critical role to inform the development of each Scoping Plan and 
helps to ensure environmental justice is integrated throughout the plan. CARB reconvened the 
EJ Advisory Committee in early 2021 to advise on the development of this Scoping Plan. In their 
advisory role, the EJ Advisory Committee has worked together to provide inputs to CARB to 
inform the development of scenarios and the associated modeling. And in April 2022, the EJ 
Advisory Committee provided draft preliminary recommendations in advance of the Draft 2022 
Scoping Plan to help ensure the draft plan meaningfully addresses environmental justice. The 
CARB Board and EJ Advisory Committee held a joint board hearing on September 1, 2022, where 
the EJ Advisory Committee presented their final recommendations on the Scoping Plan. Over five 
dozen of the recommendations are reflected in the Scoping Plan. Going forward, as this plan is 
ultimately acted on by the Board, ongoing input from the EJ Advisory Committee will be essential 
to address environmental justice and achieve the ambitious vision outlined in the plan throughout its 
implementation in the coming years. 


11 California Public Utilities Commission (CPUC), California Energy Commission (CEC), and CARB. 2021. SB 100 Joint 
Agency Report.


12 California State Transportation Agency (CalSTA). 2021. Climate Action Plan for Transportation Infrastructure.
13 California Environmental Protection Agency (CalEPA). 2021. Carbon Neutrality Studies.
14 Brown, A. L., et. al. 2021. Driving California’s Transportation Emissions to Zero. University of California Institute of 


Transportation Studies. 
15 Deschenes, O. 2021. Enhancing equity while eliminating emissions in California’s supply of transportation fuels. 


University of California Santa Barbara. 
16 CARB. Short-Lived Climate Pollutants. 
17 Energy and Environmental Economics, Inc. 2020. Achieving Carbon Neutrality in California: PATHWAYS Scenarios 


Developed for the California Air Resources Board. October. 
18 California Natural Resources Agency (CNRA). 2021. Draft Climate Smart Lands Strategy.
19 CARB. 2019. Draft California 2030 Natural and Working Lands Climate Change Implementation Plan. 
20 California Department of Insurance. 2021. Protecting Communities, Preserving Nature, and Building Resiliency.



https://www.energy.ca.gov/sb100

https://www.energy.ca.gov/sb100

https://calsta.ca.gov/subject-areas/climate-action-plan

https://calepa.ca.gov/climate/carbon-neutrality-studies/

https://escholarship.org/uc/item/3np3p2t0

https://escholarship.org/uc/item/3np3p2t0

https://zenodo.org/record/4707966#.YKPiaKhKi73

https://zenodo.org/record/4707966#.YKPiaKhKi73

https://ww2.arb.ca.gov/our-work/programs/slcp

https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_report_oct2020_0.pdf

https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_report_oct2020_0.pdf

https://resources.ca.gov/Initiatives/Expanding-Nature-Based-Solutions

https://ww2.arb.ca.gov/resources/documents/nwl-implementation-draft

https://www.insurance.ca.gov/cci/docs/climate-insurance-report-07-22-2021.pdf
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Importantly, per legislative direction, the Scoping Plan development includes modeling and analyses 
of emissions, economics, air quality, health, jobs, and public health. This work is important to inform 
the discussion around trade-offs and how to balance the various legislative direction in identifying a 
path to achieve the state’s climate goals. The technical work serves as a backdrop to what this means 
to Californian’s daily lives — to how they will work, play, and live as we act to eliminate fossil fuel 
combustion and achieve the many public health and environmental benefits that will result from  
that action. 


Ensuring Equity and Affordability
The state has a long history of public health and environmental protection. However racist and 
discriminatory practices such as redlining have resulted in low-income communities and communities 
of color being disproportionately exposed to health hazards and pollution burdens.21 These 
communities are often located adjacent to major roadways and large stationary sources that not only 
emit GHGs, but also harmful localized air pollution. The plan delivers on the promise to transform 
the way we move, live, and work by nearly eliminating our dependence on fossil fuels. It includes 
effective actions to move with all possible speed to clean energy, zero-emission cars and trucks, 
energy-efficient homes, sustainable agriculture, and resilient NWL. And it prioritizes working with  
the communities most impacted to ensure that these strategies address their needs.


An important part of our equity consideration is ensuring the transition to a zero-emission economy 
is affordable and accessible, and that it uplifts disadvantaged, low-income communities and 
communities of color. Some aspects of the transition will have associated costs (e.g., escalating 
efforts to retrofit existing homes and businesses to support electric appliances and vehicles and 
increased costs of insurance). The state must ensure that these costs do not disproportionately 
burden consumers. In addition, the state has an important role to play in providing financial 
incentives, especially to low-income consumers, to allow for uptake of clean technologies. The 
Department of Community Services and Development’s Low Income Weatherization Program is a 
prime example of this approach, enabling low-income Californians to be part of the zero-emission 
transition, all while lowering energy bills. The program provides low-income households with solar 


21 CalEPA. 2021. Pollution and Prejudice: Redlining and Environmental Injustice in California. August 16. 



https://storymaps.arcgis.com/stories/f167b251809c43778a2f9f040f43d2f5
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photovoltaic systems and energy efficiency upgrades at no cost to residents, helping cushion the 
impact of climate change on vulnerable communities.


With this Scoping Plan, the state also adds another tool to help identify and close climate change 
impact gaps that will emerge over time. As California invests in climate mitigation and adaptation, 
it is essential to understand the relative impact of climate change across the state’s diverse 
communities. We know not all communities are equally resilient in the face of climate impacts due to 
persisting health and opportunity gaps. We also know that a global metric such as the Social Cost 
of Carbon cannot adequately capture the incremental additional impact faced by overly burdened 
communities. The Climate Vulnerability Metric (CVM) is specifically focused on quantifying the 
community-level impacts of a warming climate on human welfare.


Energy and Technology Transitions
To support the transformation needed, we must build the clean energy production and distribution 
infrastructure for a carbon-neutral future. The solution will have to include transitioning existing 
energy production and transmission infrastructure to produce zero-carbon electricity and hydrogen, 
and utilizing biogas resulting from wildfire management or landfill and dairy operations, among other 
substitutes. In almost all sectors, electrification will play an important role. That means that the grid 
will need to grow at unprecedented rates and ensure reliability, affordability, and resiliency through 
the next two decades and beyond. It also means we need to keep all options on the table, as it will 
take time to fully grow the electricity grid to be the backbone for a decarbonized economy. We also 
know that electrification is not possible in all situations. As such, this plan systematically evaluates 
and identifies feasible clean energy and technology options that will bring both near-term air quality 
benefits and deliver on longer-term climate goals.


This transition will not happen overnight. It will take time and planning to ensure a smooth transition 
of existing energy infrastructure and deployment of new clean technology. And while this Scoping 
Plan has the longest planning horizon of any Scoping Plan to date, this 25-year horizon is still 
relatively short in terms of transforming California’s economy. We must avoid making choices that 
will lead to stranded assets and incorporate new technologies that emerge over time. Importantly, 
given the pace at which we must transition away from fossil fuels, we absolutely must identify 
and address market and implementation barriers to be successful. The scale of transition includes 
adding four times the solar and wind capacity by 2045 and about 1,700 times the amount of current 
hydrogen supply.


As we transition our energy systems, we must also rapidly deploy the clean technologies that rely 
on a decarbonized grid. As called for in Executive Order N-79-20, all new passenger vehicles sold in 
California will be zero-emission by 2035, and all other fleets will have transitioned to zero-emission as 
fully possible by 2045. This means the percentage of fossil fuel combustion vehicles will continue to 
rapidly decrease, becoming a fading vision of the past. Successful implementation of this Executive 
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Order (EO) and other zero-emission priorities will have to be attractive to consumers. As an example, 
electric and hydrogen transportation refueling must be readily accessible, and active transportation 
and clean transit options must be cheaper and more convenient than driving. 


Cost-Effective Solutions Available Today
Ultimately, to achieve our climate goals, urgent efforts are needed to slash GHG emissions. 
Fortunately, cost-effective solutions are available to do so in many cases. In short, this plan relies 
on existing technologies — it does not require major technological breakthroughs that are highly 
uncertain.


For example, targeted action to reduce methane emissions can be achieved at low or negative 
cost, and with significant near-term climate and public health benefits. In many cases, renewable 
energy and energy storage are cheaper than polluting alternatives, and are already firmly part of 
our business-as-usual approach; modeling related to the most recent integrated resource planning 
process at the California Public Utilities Commission (CPUC) has shown that scenarios associated 
with the best emissions outcomes had the lowest average rates. As another example, research from 
Energy Innovation shows that the U.S. can achieve 100 percent zero-carbon power by 2035 without 
increasing customer costs.22


The same is either already true, or soon to be true, for zero-emission vehicles as well. Myriad studies 
show cost parity for light-duty and heavy-duty ZEVs being achieved by mid-decade or shortly 
thereafter. A carbon neutrality study conducted by the University of California (UC) Institute of 
Transportation Studies and funded by the California Environmental Protection Agency (CalEPA) 
shows that achieving carbon neutrality in the transportation sector will save Californians $167 billion 
through 2045.23 Similar research from the Goldman School of Public Policy at UC Berkeley finds that 
achieving 100 percent light-duty ZEV sales nationwide would save consumers $2.7 trillion through 
2050; equivalent to $1,000 per household, per year, for 30 years.24 


22 Phadke, A. et al. 2020. “Illustrative Pathways to 100 Percent Zero Carbon Power by 2035 Without Increasing 
Customer Costs, Energy Innovation.” September.


23 Brown, A. L., et al. 2021. Driving California’s Transportation Emissions.
24 Goldman School of Public Policy. 2021. 2035: The Report: Transportation. UC Berkeley. April.



https://energyinnovation.org/wp-content/uploads/2020/09/Pathways-to-100-Zero-Carbon-Power-by-2035-Without-Increasing-Customer-Costs.pdf

https://energyinnovation.org/wp-content/uploads/2020/09/Pathways-to-100-Zero-Carbon-Power-by-2035-Without-Increasing-Customer-Costs.pdf

http://dx.doi.org/10.7922/G2MC8X9X

https://www.2035report.com/transportation/
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Many of these outcomes are a direct result of California’s vision and policy development to advance 
clean energy and climate solutions, including through the Renewables Portfolio Standard, Advanced 
Clean Cars II regulations, SLCP Reduction Strategy, and others. While the world collectively has not 
yet fully deployed clean energy and climate solutions at the scale needed to adequately address 
climate change, California has made tremendous progress — even since the last Scoping Plan update 
in 2017. Continued ambition, leadership, and climate policy development from California will help 
the state achieve the scale of emissions reductions needed from technologies and strategies that 
are already cost-effective or close to it today, and will move additional technologies and strategies 
to that point in the near future. Achieving those outcomes and reducing costs for the entire array of 
climate solutions needed to achieve carbon neutrality and then maintain net-negative emissions will 
prove the true measure of California’s success. This will enable California to not just meet our own 
climate targets, but to ultimately develop the replicable solutions that can scale globally to address 
global warming.


Continue with a Portfolio Approach
Over the past decade and a half, the state has undertaken a successful three-pronged approach 
to reducing GHGs: incentives, regulations, and carbon pricing. The 2017 Scoping Plan leveraged 
existing programs such as the Renewables Portfolio Standard, Advanced Clean Cars, Low Carbon 
Fuel Standard, Short-lived Climate Pollutant Strategy, mobile source measures to achieve federal air 
quality targets, and a Cap-and-Trade Program, among others, to lay out a technologically feasible 
and cost-effective path to achieve the 2030 GHG reduction target. When looking toward the 2045 
climate goals and the deeper GHG reductions needed across the AB 32 GHG Inventory sectors, all 
of the existing programs must be evaluated and, as necessary, strengthened to support the rapid 
production and deployment of clean technology and energy, as well as the increased pace and scale 
of actions on our natural and working lands. 


The challenge before us requires us to keep all tools on the table. Given the climate mitigation co-
benefits, critical actions to deliver near-term air quality benefits, such as those included in the State 
Implementation Plan to achieve the federal air quality standards, are incorporated into this Scoping 
Plan, as are new legislative mandates to decarbonize the electricity and cement sectors. And, if 
additional gaps are identified, new programs and policies must be developed and implemented to 
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ensure all sectors are on track to reduce emissions. Opportunities to leverage these programs to 
address ongoing air quality disparities must also be considered, along with targeted environmental 
justice policies such as the AB 617 Community Air Protection Program and the investments made 
possible through the California Climate Investments Program.


Conclusion 
California has never undertaken such a comprehensive, far-reaching, and transformative approach to 
fighting climate change as that called for in this plan. Once implemented, it will place every aspect 
of how we live, work, play, and travel in California on a more sustainable footing, with a focus on 
directly benefitting those communities already most burdened by pollution. This comprehensive 
approach reflects how climate change is already changing life in California. We have all experienced 
the impacts of devastating wildfires, extreme heat, and drought. Despite much progress, California 
still has some of the worst air pollution in the nation, especially in the San Joaquin Valley and the Los 
Angeles Basin, which is driven by the continued use of fossil fuel-powered trucks and cars.


This Scoping Plan provides a solution; a way forward and a vision of a California where we can 
and will address those impacts. This plan is fundamentally based on hope. It is a hope grounded 
in experience and science that we can fundamentally improve the California we leave to future 
generations. The plan is built on the legacy of effective actions and on the conviction that we can 
effectively marshal the combined capabilities of California — from state, regional, tribal, and local 
governments to industry to our research institutions, and most importantly, to the nearly 40 million 
Californians who will benefit from the actions laid out in the plan. It addresses the challenge of our 
generation by laying out a pathway and guideposts for action across three decades. But the Scoping 
Plan is only that: a plan. The hard work — and hopeful work — is putting its recommendations into 
action. And there is no time to waste.


Post-adoption of the Scoping Plan
As with previous Scoping Plans, CARB Board approval is the beginning of the next phase of climate 
action. Specifically, approval of this plan catalyzes a number of efforts, including the development 
of new regulations as well as amendments to strengthen regulations and programs already in place, 
not just at CARB but across state agencies. The unprecedented rate of transition will also require the 
identification and removal of market and implementation barriers to the production and deployment 
of clean technology and energy. All of these actions and more will be needed if we are to achieve 
our climate goals.
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Chapter 1: Introduction  
“The debate is over around climate change. Just come to the state of California. 


Observe it with your own eyes.” 


- California Governor Gavin Newsom in September 2020 after surveying the 
devastation caused by catastrophic wildfires 


 
The impacts of climate change are no longer a distant threat on the horizon—they are 
right here, right now, with a growing intensity that is adversely affecting our communities 
and our environment, here in California and across the globe. The science that, decades 
ago, predicted the impacts we are currently experiencing is even stronger today and 
unambiguously tells us what we must do to limit irreversible damage: we must act with 
renewed commitment and focus to do more and do it sooner. That science is indisputable. 
Unless we increase ambition, we will be faced with more fire, more drought, more 
temperature extremes, and deadly, choking air pollution. The future of our state—our 
communities, economy, and ecosystems—is inextricably tied to the way we respond in 
this decade and the partnerships we forge along the way.  


The impacts of climate change fall most heavily on frontline communities that bear the 
brunt of extreme heat, drought, wildfires, and other effects. Low-income communities and 
communities of color are also disproportionately impacted by fossil fuel combustion-
related air pollution and related health problems. The continued phaseout of fossil fuel 
combustion will advance both climate and air quality goals and will deliver the greatest 
health benefits to the most impacted communities.  


As it has responded to this climate crisis, California has established itself as a global 
leader in science-based, public health-focused climate change mitigation and air quality 
control. The California Legislature has worked with both Republican and Democratic 
governors to advance action on public health and environmental protections—and 
California has made progress on addressing climate change during periods of both 
Republican and Democratic federal administrations. Since the passage of Assembly Bill 
32 (AB 32) (Núñez and Pavley, Chapter 488, Statutes of 2006), California has developed 
bold, creative, and durable policy solutions to protect our environment and public health, 
all while growing our economy. In fact, California met the target established in AB 32—a 
return of greenhouse gas (GHG) emissions to 1990 levels by 2020—years ahead of 
schedule, even as the state established itself as the one of the largest economies in the 
world. As Figure 1-1 below shows, California’s emissions and economic growth have 
continued to decouple, and California is now the fifth largest economy in the world.  
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Figure 1-1: California total and per capita GHG emissions25 


 


Recognizing both California’s early successes in achieving GHG emissions reductions 
while growing the economy, as well as the worsening impacts of climate change, our 
governors and legislators have continued to enact ambitious goals. California’s 
unwavering commitment to address climate change is based on indisputable science and 
data. This commitment is also informed by our collective efforts to address environmental 
justice and advance racial equity, such that race will no longer be a predictor for 
disproportionate environmental burdens faced by low-income communities and 
communities of color. As the Office of Environmental Health Hazard Assessment’s 


 


 
25 Due to the global pandemic, 2020 is an outlier year and should not be considered indicative of a trend; 
emissions are likely to increase as economies recover from the impacts of the pandemic.  
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(OEHHA’s) recent analysis of race/ethnicity and air pollution vulnerability and 
CalEnviroScreen 4.0 scores demonstrate, much work remains to be done.26  


Many of California’s environmental policies have served as models for similar policies in 
other U.S. states, and at national and international levels. Moving forward, California will 
continue its pursuit of collaborations and advocacy for action to address climate change 
at all levels of government. While California is responsible for just one percent of global 
GHG emissions, and we must do our part, we also play an important role in exporting 
both political will and technical solutions to address the climate crisis globally. 


Today, we have a chance to re-envision California’s future and set the state on a path to 
be carbon neutral no later than 2045 while advancing equity, addressing environmental 
justice, and continuing to grow our economy. This Scoping Plan provides a roadmap 
outlining key policies we can implement to achieve our climate goals while improving the 
health and welfare of Californians and addressing disparities in health outcomes to create 
a more equitable future. It will enable us to turn the corner in our efforts to protect and 
preserve our critical natural and public resources, all while providing unparalleled 
opportunities for clean, pollution-free economic growth. 


Severity of Climate Change Impacts 
With the increasing severity and frequency of drought, wildfire, extreme heat, and other 
impacts, Californians just have to look out their windows to know that climate change is 
real and rapidly getting worse. The impacts we thought we would see in the decades to 
come are happening now. We must act decisively to both reduce our GHG emissions and 
build resilience to these impacts for ourselves, future generations, and our iconic 
landscapes.  


Wildfires 
Of the twenty largest wildfires ever recorded in California, nine occurred in 2020 and 2021. 
The worst wildfire season in California’s recorded history was in 2018, with over 24,226 
structures damaged or destroyed and over 100 lives lost. The largest wildfire season ever 
recorded in state history was in 2020, where more than 4.3 million acres burned, albeit at 
different intensity and with varying ecological impacts, and over 112 million metric tons of 


 


 
26 OEHHA and CalEPA. 2021. Analysis of Race/Ethnicity and CalEnviroScreen 4.0 Scores. 
https://oehha.ca.gov/media/downloads/calenviroscreen/document/calenviroscreen40raceanalysisf2021.p
df.  
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carbon dioxide (CO2) emitted into the atmosphere.27 The economic damage of these fires 
was estimated to be over $10 billion in property damage and over $2 billion in fire 
suppression costs.28 The Camp Fire, which destroyed much of Paradise, California, was 
the world’s costliest natural disaster in 2018, with overall damages of $16.5 billion.29 It 
was also the deadliest fire in California history, with 85 civilian fatalities. Wildfires have 
always been part of California’s natural ecology and will continue to be. However, 
changes to the state’s climate and precipitation expands the footprint of wildfire threat, 
severity, and intensity, with one quarter of California—more than 25 million acres—now 
classified as being under very high or extreme fire threat.30  


The impacts of wildfire smoke have been linked to respiratory infections, cardiac arrests, 
low birth weight, mental health conditions, and exacerbated asthma and chronic 
obstructive pulmonary disease.31 In 2020, with all of California covered by wildfire smoke 
for over 45 days—and 36 counties for at least 90 days—maximum fine particulate (PM2.5) 
levels persisted in the “hazardous” range of the Air Quality Index for weeks in several 
areas of the state.32,33 


Catastrophic wildfire damages extend beyond human health and the economy. The 
Castle Fire in 2020 and the KNP Complex and Windy Fires in 2021 led to the loss of an 
unprecedented number of giant sequoias: an estimated 13 to 19 percent of the giant 


 


 
27 CARB. 2020. Public Comment Draft Greenhouse Gas Emissions of Contemporary Wildfire, Prescribed 
Fire, and Forest Management Activities. 
https://ww3.arb.ca.gov/cc/inventory/pubs/ca_ghg_wildfire_forestmanagement.pdf. 
28 News18. 2021. San Francisco Bay Area Receives its First Wildfire Warning of 2021, After California 
Concludes its Driest Year. https://www.news18.com/news/buzz/san-francisco-bay-area-receives-its-first-
wildfire-warning-of-2021-after-california-concludes-its-driest-year-3722897.html. 
29 Munich RE. 2019. Extreme Storms, Wildfires and Droughts Cause Heavy Nat Cat Losses In 2018. 
https://www.munichre.com/en/company/media-relations/media-information-and-corporate-news/media-
information/2019/2019-01-08-extreme-storms-wildfires-and-droughts-cause-heavy-nat-cat-losses-in-
2018.html#-1808457171. 
30 CARB. No date. Wildfires. https://ww2.arb.ca.gov/our-work/programs/wildfires/about. 
31 Reid, C. E., M. Brauer, F. H. Johnston, M. Jerrett, J. R. Balmes, and C. T. Elliott. 2016. “Critical Review 
of Health Impacts of Wildfire Smoke Exposure.” Environmental Health Perspectives 
http://dx.doi.org/10.1289/ehp.1409277.  
32 Vargo J. A. 2020 (updated in 2021 using the NOAA Hazard Mapping System). “Time Series of Potential 
US Wildland Fire Smoke Exposures.” Frontiers in Public Health 
https://doi.org/10.3389/fpubh.2020.00126. 
33 CalFire. 2020 Fire Siege Report. https://www.fire.ca.gov/media/hsviuuv3/cal-fire-2020-fire-siege.pdf. 
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sequoia population in the Sierra Nevada. An iconic species, giant sequoias are the largest 
trees on earth, with exceptional longevity outside of climate extremes.34,35  


It is clear that we must take drastic measures to prepare for future wildfires, which is why 
California invested $2.7 billion in wildfire resilience from fiscal years 2020 to 2023. The 
exponential increase in funding launched more than 552 wildfire resilience projects in less 
than a year, and CAL FIRE met its 2025 goal of treating 100,000 acres a full three years 
ahead of schedule. Since Fiscal Year 2019–20, treatment work has significantly 
increased, and CAL FIRE has averaged 100,000 acres treated each fiscal year. 


Although we are making progress, we have a lot more work to do in order to achieve our 
goal of treating one million acres annually by 2025. The Governor’s Wildfire and Forest 
Resilience Strategy details 99 actions needed to address the key drivers of catastrophic 
wildfires, ramp up the pace and scale of forest management, and make threatened 
communities more resilient to catastrophic fires. It is also important to note that natural 
wildfire cycles are a part of a sustainable forest ecosystem and will continue to play a role 
in a healthy forests’ future. We should not expect wildfires to cease, but we must manage 
our lands to address catastrophic wildfires that result from buildup of carbon stocks due 
to our interventions to suppress wildfires and from climate change resulting from fossil 
fuel combustion.  


Drought 
Drought is a recurring feature of the California climate that has been intensified by 
increasingly warmer average temperatures. Anthropogenic climate trends have 
exacerbated drought conditions; human-caused climate change accounts for 19 percent 
of drought severity and 42 percent of the soil moisture deficit in this region since 2000. 
The governor declared a drought state of emergency in October 2021, and as of 
September 2022, 94 percent of California was in severe drought, and 99.8 percent36 of 
the state was in at least moderate drought. The first three months of 2022 were the driest 
January, February, and March on record in California.37 The harsh drought conditions 
affecting California are part of a larger megadrought—a drought lasting more than two 


 


 
34 Shive, K., C. Brigham, T. Caprio, and P. Hardwick. 2021. 2021 Fire Season Impacts to Giant Sequoias. 
The Nature Conservancy and National Park Service. https://www.nps.gov/articles/000/2021-fire-season-
impacts-to-giant-sequoias.htm. 
35 Shive, K. L., A. Wuenschel, L. J. Hardlund, S. Morris, M. D. Meyer, and S. M. Hood. 2022. “Ancient 
Trees and Modern Wildfires: Declining Resilience to Wildfire in the Highly Fire-adapted Giant Sequoia.” 
Forest Ecology and Management 511, 120110. https://doi.org/10.1016/j.foreco.2022.120110. 
36 Drought.gov. California. National Oceanic and Atmospheric Administration (NOAA) and the National 
Integrated Drought Information System. https://www.drought.gov/states/california. 
37 Drought.ca.gov. September 26, 2022. California Drought Update. 
https://drought.ca.gov/media/2022/09/Weekly-CA-Drought-Update-09262022-FINAL.pdf.  
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decades—that has been ongoing in the Southwestern region of North America since 
2000. The past 22 years have been the region’s driest period since at least 800 CE.38  


While large urban water districts with diversified sources of water supply have maintained 
water deliveries to customers through the drought, hundreds of individual well owners 
and some small water systems have suffered disruption. The state is providing funding 
for water system consolidation and modernization projects in small communities, 
emergency repairs and replacements for dry wells, and bottled and hauled water 
deliveries. A 2021 law requires small suppliers to create drought contingency plans. 
During the drought of the last three years the state has delivered emergency drinking 
water assistance to nearly 10,000 households and 150 water systems. 


California agriculture is responsible for more than half of all U.S. domestic fruit and 
vegetable production, and in 2021 drought resulted in the fallowing of nearly 
400,000 acres of fields.39 Direct crop revenue losses were approximately $962 million, 
and total economic impacts were more than $1.7 billion, with over 14,000 full- and part-
time job losses.40 During the 2011–2017 drought, California’s agricultural industry 
suffered at least $5 billion in losses.41 The 2022–23 budget includes $100 million to 
support agricultural water conservation practices, provide on-farm technical assistance, 
and provide direct relief to small farm operators. 


Though native California species are adapted to drought, human engineering has altered 
most streams and wetlands in the state, making drought increasingly stressful to fish and 
wildlife. The state has conducted hundreds of fish and amphibian rescues in this drought 
to move creatures from diminished habitat, upgraded hatcheries, and boosted hatchery 
production, and has hauled millions of young hatchery salmon to San Francisco Bay to 
avoid adverse river conditions. State biologists monitor dozens of streams statewide and 
have negotiated voluntary agreements with landowners and water users to improve 
stream flows and temperatures. 


California has started to implement major policies to build resilience to combat drought—
such as the Sustainable Groundwater Management Act of 2014, the governor’s Water 
Resilience Portfolio (2020), the governor’s Water and Supply Strategy (August 2022), and 


 


 
38 Williams, A. P., B. I. Cook, and J. E. Smerdon. 2022. “Rapid Intensification of The Emerging 
Southwestern North American Megadrought in 2020–2021.” Nature Climate Change 
https://doi.org/10.1038/s41558-022-01290-z. 
39 Medellín-Azuara, J. 2022. Economic Impacts of the 2021 Drought on California Agriculture. University 
of California Merced. https://wsm.ucmerced.edu/wp-content/uploads/2022/02/2021-Drought-Impact-
Assessment_20210224.pdf. 
40 Medellín-Azuara. Economic Impacts of the 2021 Drought. 
41 National Resources Defense Council (NRDC). 2019. Climate Change and Health in California. Issue 
Brief. https://www.nrdc.org/sites/default/files/climate-change-health-impacts-california-ib.pdf. 
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new standards for indoor, outdoor, and industrial water use. However, it is crucial that we 
take further actions to minimize the impacts of drought in the years to come.  


Extreme Heat 
California’s hottest summer on record was 2021.42 Death Valley recorded the world’s 
highest reliably measured temperature (130°F) in July 2021, breaking its own record 
(129°F) from summer 2020.43 Meanwhile, Fresno also broke one of its own records, with 
64 days over 100°F in 2021.44 This is part of a trend: the daily maximum average 
temperature, an indicator of extreme temperature shifts, is expected to rise 4.4°F–5.8°F 
by 2050 and 5.6°F–8.8°F by 2100.45 Heat waves that result in public health impacts are 
also projected to worsen throughout the state. By 2050, these heat-related health events 
are projected to last two weeks longer in the Central Valley and occur four to ten times 
more often in the Northern Sierra region.46 


Heat ranks among the deadliest of all climate hazards in California, and heat waves in 
cities are projected to cause two to three times more heat-related deaths by mid-
century.47 Climate vulnerable communities48 will experience the worst of these effects, as 
heat risk is associated and correlated with physical, social, political, and economic factors. 
Aging populations, infants and children, pregnant people, and people with chronic illness 
are especially sensitive to heat exposure.49,50 Combining these characteristics and 
existing health inequities with additional factors such as poverty, linguistic isolation, 


 


 
42 NOAA. 2022. Climate at a Glance. https://www.ncdc.noaa.gov/cag/statewide/time-
series/4/tavg/3/8/1895-2021?base_prd=true&firstbaseyear=1901&lastbaseyear=2000. 
43 Masters, J. 2021. Death Valley, California, breaks the all-time world heat record for the second year in 
a row. Yale Climate Connections. https://yaleclimateconnections.org/2021/07/death-valley-california-
breaks-the-all-time-world-heat-record-for-the-second-year-in-a-row/.  
44 NOAA. Climate Data Online Search. Accessed on 16 March 2022. https://www.ncdc.noaa.gov/cdo-
web/search.  
45 Governor’s Office of Planning and Research (OPR), CEC, and CNRA. 2018. California’s Fourth Climate 
Change Assessment. Page 23. https://www.energy.ca.gov/sites/default/files/2019-11/Statewide_Reports-
SUM-CCCA4-2018-013_Statewide_Summary_Report_ADA.pdf. 
46 OPR, CEC, and CNRA. California’s Fourth Climate Change Assessment - Statewide Summary Report. 
https://www.energy.ca.gov/sites/default/files/2019-11/Statewide_Reports-SUM-CCCA4-2018-
013_Statewide_Summary_Report_ADA.pdf.  
47 Ostro, B., S. Rauch, and S. Green. 2011. “Quantifying the health impacts of future changes in 
temperature in California.” National Library of Medicine. https://pubmed.ncbi.nlm.nih.gov/21975126/.  
48 CARB. Priority Populations. California Climate Investments. 
https://www.caclimateinvestments.ca.gov/priority-populations. 
49 Basu, R. 2009. “High Ambient Temperature and Mortality: A Review of Epidemiologic Studies from 
2001 to 2008.” National Library of Medicine. https://pubmed.ncbi.nlm.nih.gov/19758453/.  
50 Basu, R., and B. Malig. 2011. “High Ambient Temperature and Mortality in California: Exploring the 
Roles of Age, Disease, and Mortality Displacement.” National Library of Medicine. 
https://pubmed.ncbi.nlm.nih.gov/21981982/.  
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housing insecurity, and the legacy of racist redlining practices, can put individuals at a 
disproportionately high risk of heat-related illness and death.51,52 Rising temperatures will 
also speed up smog-forming chemical reactions, leading to worse asthma, reduced lung 
function, cardiac arrest, and cognitive decline. African American, American 
Indian/Alaskan Native, and Puerto Rican Californians are particularly sensitive to smog, 
as they are between 28.6 and 132.5 percent more likely to be diagnosed with asthma 
than white Californians.53 


In addition to the dangers to public health, California’s September 2022 heat wave is 
particularly illustrative of how more frequent extreme heat strains the state’s infrastructure 
we depend on to adapt to a changing climate. For example, as all-time high temperature 
records were broken in Sacramento, San Jose, Santa Rosa and Fairfield, electricity 
demand for air conditioning threatened to overwhelm the state power supply.54 


California has taken major steps to protect communities from the impacts of extreme heat. 
Our recent budgets invest $800 million to cool our schools and neighborhoods, including 
projects to reduce urban overheating. The Extreme Heat Action Plan, released in April 
2022, outlines the all-of-government approach California is taking to reduce urgent risks 
and build long-term resilience to the impacts of extreme heat. In September 2022, 
Governor Newsom signed multiple bills addressing extreme heat, including AB 2238 
(Rivas, Chapter 264, Statutes of 2022), which will create the nation’s first extreme heat 
advance warning and ranking system to better prepare communities ahead of heat 
waves. The Administration is committed to addressing extreme heat, but we still have a 
lot of work to do.  


Wildfires, drought, and extreme heat are some of the most pronounced climate impacts 
California is experiencing, but they are not the only ones. Sea level rise, rising ocean 
temperatures, ocean acidification, and inland flooding are also already having devastating 
impacts on our communities, ecosystems, and economy, and will continue to do so in the 
years and decades to come. The decisions and actions that we take today will determine 
how strongly we will feel the impacts of climate change in the future.  


 


 
51 Hoffman, J. S., V. Shandas, and N. Pendleton. 2020. “The Effects of Historical Housing Policies on 
Resident Exposure to Intra-Urban Heat: A Study of 108 US Urban Areas.” MDPI. 
https://www.mdpi.com/2225-1154/8/1/12/htm.  
52 U.S. Climate Resilience Toolkit. No date. Heat and Social Inequity in the United States. 
https://toolkit.climate.gov/tool/heat-and-social-inequity-united-states. 
53 NRDC. 2019. Climate Change and Health. Issue Brief. https://www.nrdc.org/sites/default/files/climate-
change-health-impacts-california-ib.pdf. 
54 Samenow, Jason. 2022. No September on record in the West has seen a heat wave like this. The 
Washington Post. September 9. https://www.washingtonpost.com/climate-
environment/2022/09/08/western-heatwave-records-california-climate/. 
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Imperative To Act 
Consequences of Further Warming 
The Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report (AR6) 
found that it will not be possible to keep global warming within the threshold of 1.5oC to 
avoid the most severe impacts of climate change unless we make immediate and large-
scale reductions in GHG emissions. It finds that atmospheric concentrations of CO2 have 
increased by 50 percent since the industrial revolution, and that they continue to increase 
at a rate of two parts per million each year.55 Without immediate action, the world will 
exceed 1.5oC (or 2.7oF) warming by the 2030s, and no later than 2040.  


While every tenth of a degree matters—every incremental increase in warming brings 
additional negative impacts—climate-related risks to human health, livelihoods, and 
biodiversity are projected to increase further under 2oC (or 3.6oF) warming, compared to 
1.5oC.56 To remain below 1.5oC with limited or no overshoot of that threshold, global net 
anthropogenic CO2 emissions need to be cut by about half by 2030 and reach net-zero 
by 2050.  


If we fail to make rapid changes, we may not be able to limit global warming to 2oC,57 and 
the consequences of inaction would be catastrophic. Our planet is already 1.2oC warmer 
than pre-industrial times due to human-induced warming, and many impacts we are 
already experiencing, such as sea level rise, are “irreversible” for centuries to millennia.58 
Californians with the fewest resources, who are disproportionately low-income 
communities and communities of color, are the most vulnerable to the impacts of climate 
change. While the human costs associated with health impacts can never be fully 
monetized, a recent report finds that the health costs of climate and air pollution in the 
U.S. are well over $800 billion today and will continue to grow in the coming years.59  


 


 
55 IPCC. 2021. Climate Change 2021: The Physical Science Basis. https://www.ipcc.ch/report/ar6/wg1/. 
56 IPCC. 2018. Special Report: Global Warming of 1.5°C. World Meteorological Organization. 
https://www.ipcc.ch/sr15/.  
57 IPCC. 2021. Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. 
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. 
Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. Maycock, T. 
Waterfield, O. Yelekçi, R. Yu, and B. Zhou (eds.)]. In Press. 
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf. 
58 United Nations. 2021. IPCC report: ‘Code red.’ 
https://news.un.org/en/story/2021/08/1097362#:~:text=%27Code%20red%20for%20humanity%27&text=
We%20are%20at%20imminent%20risk,%2C%20to%20keep%201.5%20alive.%22. 
59 Alwis, D. D., and V. S. Limaye. No date. The Costs of Inaction. 
https://www.nrdc.org/sites/default/files/costs-inaction-burden-health-report.pdf. 



https://www.ipcc.ch/report/ar6/wg1/

https://www.ipcc.ch/sr15/

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf

https://news.un.org/en/story/2021/08/1097362#:%7E:text=%27Code%20red%20for%20humanity%27&text=We%20are%20at%20imminent%20risk,%2C%20to%20keep%201.5%20alive.%22

https://news.un.org/en/story/2021/08/1097362#:%7E:text=%27Code%20red%20for%20humanity%27&text=We%20are%20at%20imminent%20risk,%2C%20to%20keep%201.5%20alive.%22

https://www.nrdc.org/sites/default/files/costs-inaction-burden-health-report.pdf





22 


 


Any delays in action or insufficient action are a threat to public health and the 
environment. The impacts to our economy would be devastating as well. While not 
specific to California, a 2022 report from Deloitte Economics Institute finds that failing to 
take sufficient action to reduce emissions could result in economic losses to the U.S. of 
more than $14.5 trillion over the next 50 years.60 On a hopeful note, however, the report 
finds that if the country invests now and in the coming years in a net-zero economy, $3 
trillion could be added to the economy over the next 50 years. The U.S. annual gross 
domestic product (GDP) would be 2.5 percent higher in 2070 in this fast-action scenario 
than in the delayed action scenario. The lessons for California from these analyses are 
clear: invest now or pay the price later. As shown in Figure 1-2, inaction can lead to 
negative consequences for individuals, communities, the economy, and society as a 
whole. As discussed later, Governor Newsom and the Legislature have accepted this 
imperative and made significant investments in climate action. This Scoping Plan 
combined with the historic investments and policy direction from the governor and 
Legislature, will result in unprecedented action to address the climate crisis. 


 


 
60 Deloitte. 2022. The Turning Point. 
https://www2.deloitte.com/content/dam/Deloitte/us/Documents/about-deloitte/us-the-turning-point-a-new-
economic-climate-in-the-united-states-january-
2022.pdf?id=us:2el:3dp:wsjspon:awa:WSJSBJ:2021:WSJFY22. 



https://www2.deloitte.com/content/dam/Deloitte/us/Documents/about-deloitte/us-the-turning-point-a-new-economic-climate-in-the-united-states-january-2022.pdf?id=us:2el:3dp:wsjspon:awa:WSJSBJ:2021:WSJFY22

https://www2.deloitte.com/content/dam/Deloitte/us/Documents/about-deloitte/us-the-turning-point-a-new-economic-climate-in-the-united-states-january-2022.pdf?id=us:2el:3dp:wsjspon:awa:WSJSBJ:2021:WSJFY22

https://www2.deloitte.com/content/dam/Deloitte/us/Documents/about-deloitte/us-the-turning-point-a-new-economic-climate-in-the-united-states-january-2022.pdf?id=us:2el:3dp:wsjspon:awa:WSJSBJ:2021:WSJFY22
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Figure 1-2: The real costs of inaction61 


 


Scoping Plan Overview 
Previous Scoping Plans 
The Scoping Plan is a strategy the California Air Resources Board (CARB) develops and 
updates at least one every five years, as required by AB 32. It lays out the transformations 
needed across our society and economy to reduce emissions and reach our climate 
targets. This Scoping Plan is the third update to the original plan that was adopted in 
2008. The initial Scoping Plan laid out a path to achieve the AB 32 2020 limit of returning 
to 1990 levels of GHG emissions, a reduction of approximately 15 percent below business 
as usual.62 The 2008 Scoping Plan included a mix of incentives, regulations, and carbon 
pricing, laying out the portfolio approach to addressing climate change and clearly making 
the case for using multiple tools to meet California’s GHG targets. The 2013 Scoping Plan 
assessed progress toward achieving the 2020 limit and made the case for addressing 


 


 
61 Katowice, P. 2018. Health benefits far outweigh the costs of meeting climate change goals. WHO. 
https://www.who.int/news/item/05-12-2018-health-benefits-far-outweigh-the-costs-of-meeting-climate-
change-goals.  
62 CARB. 2008. Climate Change Scoping Plan. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/document/adopted_scoping_plan.pdf.  



https://www.who.int/news/item/05-12-2018-health-benefits-far-outweigh-the-costs-of-meeting-climate-change-goals

https://www.who.int/news/item/05-12-2018-health-benefits-far-outweigh-the-costs-of-meeting-climate-change-goals

https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/document/adopted_scoping_plan.pdf
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short-lived climate pollutants (SLCPs).63 The most recent update, the 2017 Scoping 
Plan,64 also assessed the progress toward achieving the 2020 limit and provided a 
technologically feasible and cost-effective path to achieving the Senate Bill 32 (SB 32, 
Pavley, Chapter 249, Statutes of 2016) target of reducing GHGs by at least 40 percent 
below 1990 levels by 2030. 


Overview of this Scoping Plan 
It is paramount that we continue to build on California’s success by taking effective actions 
and doubling down on implementation of the strategies outlined here. As such, this 
Scoping Plan builds on and integrates efforts already underway to reduce the state’s 
GHG, criteria pollutant, and toxic air contaminant emissions by identifying the clean 
technologies and fuels that should be phased in as the state transitions away from 
combustion of fossil fuels. By selecting and pursuing a sustainable and clean economic 
path, the state will continue to successfully execute existing programs, work to eliminate 
air pollution inequities, demonstrate the coupling of economic growth and environmental 
progress, and enhance new opportunities for engagement within the state to address and 
prepare for climate change. 


The 2022 Scoping Plan for Achieving Carbon Neutrality (Scoping Plan) is the most 
comprehensive and far-reaching Scoping Plan developed to date. It identifies a 
technologically feasible and cost-effective path to achieve carbon neutrality by 2045 while 
also assessing the progress California is making toward reducing its GHG emissions by 
at least 40 percent below 1990 levels by 2030, as called for in SB 32 and laid out in the 
2017 Scoping Plan.65 The 2030 target is an interim but important stepping stone along 
the critical path to the broader goal of deep decarbonization by 2045. Modeling for this 
Scoping Plan shows that this decade must be one of transformation on a scale never 
seen before to set us up for success in 2045.  


The relatively longer path assessed in this Scoping Plan incorporates, coordinates, and 
leverages many existing and ongoing efforts to reduce GHGs and air pollution, while 
identifying new clean technologies and energy. Given the focus on carbon neutrality, this 
Scoping Plan also includes discussion for the first time of the Natural and Working Lands 
(NWL) sectors as both sources of emissions and carbon sinks. Chapter 2 of this document 


 


 
63 CARB. 2014. First Update to the Climate Change Scoping Plan. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/2013_update/first_update_climate_chang
e_scoping_plan.pdf. 
64 CARB. 2017. California’s 2017 Climate Change Scoping Plan. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/scoping_plan_2017.pdf. 
65 CARB. 2017. California’s 2017 Climate Change Scoping Plan. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/scoping_plan_2017.pdf. 



https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/2013_update/first_update_climate_change_scoping_plan.pdf

https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/2013_update/first_update_climate_change_scoping_plan.pdf

https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/scoping_plan_2017.pdf

https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/scoping_plan_2017.pdf
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includes a description of a suite of specific actions to drastically reduce GHGs across all 
sectors. Chapter 3 provides the air quality and economic evaluations of the actions. 
Chapter 4 provides a broader description of the many actions needed across all sectors 
to achieve carbon neutrality. Chapter 5 provides an overview of the next steps and 
partnerships needed to implement this Scoping Plan. Guided by legislative direction, the 
actions identified in this Scoping Plan reduce overall GHG emissions in California and 
deliver policy signals that will continue to drive investment and certainty in a low carbon 
economy. This Scoping Plan builds upon the successful framework established by the 
Initial Scoping Plan and subsequent updates while identifying new, technologically 
feasible, and cost-effective strategies.  


Principles That Inform Our Approach to Addressing the 
Climate Challenge 
California has decades of experience addressing the climate challenge. Through this 
experience, and based on extensive engagement with stakeholders through our 
regulatory and program development processes, we have developed a set of principles 
to inform our approach. 


Unprecedented Investments in a Sustainable Future 
The scale of transformation needed over this decade to avoid the worst impacts of climate 
change and meet our ambitious climate goals is extraordinary. This is why Governor 
Newsom and the Legislature invested over $15 billion in climate action through the 2021–
2022 California Comeback Plan, and why the 2022–2023 budget marks the beginning of 
the California Climate Commitment—the governor’s multi-year plan to invest $54 billion 
in climate action. The enacted budgets (Figure 1-3) and the California Climate 
Commitment represent investments of a historic scale and will advance precisely the type 
of all-of-government approaches necessary to create the whole-of-society changes 
described in this Scoping Plan that will enable us to avert the worst impacts of climate 
change.  
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Figure 1-3: Comprehensive California climate change investments 


 
The California Climate Commitment includes the following game-changing elements: 


• $10 billion for zero-emission vehicles (ZEVs), including $1.5 billion for electric 
school buses to protect students’ health and $3 billion to build an accessible 
charging network. ZEV investments will particularly focus on programs such as 
heavy-duty vehicle and port electrification that will reduce emissions and protect 
public health in low-income communities.  


• $2.1 billion for clean energy investments, such as long duration storage, offshore 
wind, green hydrogen,66 and industrial decarbonization. 


• $13.8 billion for programs that reduce emissions from the transportation sector, 
such as improving public transportation while also funding walking, biking, and 
adaptation projects. 


• Over $720 million for California’s higher education institutions and research that 
will support the next generation of climate innovations.  


 


 
66 For the purposes of this Scoping Plan, “renewable hydrogen” and “green hydrogen” are 
interchangeable and are not limited to only electrolytic hydrogen produced from renewables. 



https://www.gov.ca.gov/wp-content/uploads/2022/06/California-Climate-Commitment-.pdf
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• Nearly $1 billion to build sustainable, affordable housing and over $1 billion to help 
low-income Californians realize energy cost savings through building 
decarbonization.  


• Nearly $9 billion for wildfire risk reduction, drought mitigation, extreme heat 
resilience, and nature-based solutions. 


 
These investments are incredibly important in the context of this Scoping Plan in that they 
accompany and help support implementation of the many policies and regulations that 
will continue to be necessary to achieve our 2030 and carbon neutrality targets. In 
addition, these incentive programs jump-start emission reduction strategies for priority 
sectors, sources, and technologies, leveraging private-sector investment and building 
sustainable, growing markets for clean and efficient technologies. Many of California’s 
incentive programs work in concert with federal and other state programs to drive 
emission reductions. As an example, as California pushes to move to 100% sales of new 
zero emission-vehicles, including plug-in hybrid vehicles, the Newsom Administration 
continues to invest heavily in incentive programs that allow families, communities, and 
businesses to choose zero-emission vehicles. This is done while simultaneously working 
with the federal government, other states, and jurisdictions around the world to align 
policies, regulations, and incentives, creating market certainty for the automakers that 
serve our markets. 


Centering Equity 
Prioritizing equity is just as important as the magnitude of the climate investments 
California is making. Addressing climate change and advancing our equity and economic 
opportunity goals cannot be decoupled. In line with the governor’s Executive Order67 to 
take additional actions to embed equity analysis and considerations, this plan works to 
center equity by addressing disparities for historically underserved and marginalized 
communities. California strives to ensure that our climate and air research, regulations, 
investments, and plans include provisions that specifically address and advance equity. 
This includes reducing and eliminating air pollution disparities, removing barriers that can 
prevent frontline communities from accessing benefits, lowering costs for low-income 
Californians, and promoting high-quality jobs. CARB’s incentive programs regularly 
surpass their mandated equity targets, and CARB has incorporated equity-focused 
provisions in our research, planning, and regulatory efforts. For instance, statute requires 
that a minimum of 35 percent of California Climate Investments benefit low-income 
households along with disadvantaged and low-income communities (referred to as priority 


 


 
67 Executive Department. State of California. 2022. Executive Order N-16-22. GSS_9320_2-
20220912152941 (ca.gov). 



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gov.ca.gov%2Fwp-content%2Fuploads%2F2022%2F09%2F9.13.22-EO-N-16-22-Equity.pdf%3Femrc%3Dc11513&data=05%7C01%7CMaureen.Hand%40arb.ca.gov%7C99a1dccbaf75458429a808dab07bb1f4%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C638016342552753841%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=FyLOznErbUoARxtSJ6NUL1NuMtpXTIT8aQkoagwFLEw%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.gov.ca.gov%2Fwp-content%2Fuploads%2F2022%2F09%2F9.13.22-EO-N-16-22-Equity.pdf%3Femrc%3Dc11513&data=05%7C01%7CMaureen.Hand%40arb.ca.gov%7C99a1dccbaf75458429a808dab07bb1f4%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C638016342552753841%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=FyLOznErbUoARxtSJ6NUL1NuMtpXTIT8aQkoagwFLEw%3D&reserved=0
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populations). However, 48 percent—over $5.4 billion—of implemented California Climate 
Investments project funding is benefiting priority populations, greatly exceeding the 
statutory minimums (see Figure 1-4). Senate Bill 535 (De León, Chapter 830, Statutes of 
2012) and AB 1550 (Gomez, Chapter 369, Statutes of 2016) direct state and local 
agencies to make significant investments using auction proceeds to assist California’s 
most vulnerable communities. Under these laws, a minimum of 25 percent of the total 
investments are required to be located within and provide benefits to disadvantaged 
communities, and at least 10 percent of the total investments must benefit low-income 
communities and households. Moving forward, the state will continue to devote a greater 
share of incentive funding to priority populations, with the light-duty vehicle incentive 
program as just one example. We can simultaneously confront the climate crisis and build 
a more resilient, just, and equitable future for all communities.  
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Figure 1-4: California climate investments cumulative outcomes68,69 


 


Role of the Environmental Justice Advisory Committee 
To inform the development of the Scoping Plan, AB 32 calls for the convening of an 
Environmental Justice Advisory Committee (EJ Advisory Committee) to advise CARB in 
developing the Scoping Plan, and any other pertinent matter in implementing AB 32. It 
requires that the Committee be comprised of representatives from communities with the 
most significant exposure to air pollution, including communities with minority populations 
and/or low-income populations. On January 25, 2007, CARB appointed the first 


 


 
68 CARB. 2022. California Climate Investments program implements $10.5 billion in greenhouse gas-
reducing programs, expected to reduce 76 million metric tons of emissions. April 11. 
https://ww2.arb.ca.gov/news/california-climate-investments-program-implements-105-billion-greenhouse-
gas-reducing-projects.  
69 SB 535 and AB 1550 require investments located in and benefiting low-income communities and 
households, which are termed priority populations. Disadvantaged communities are currently defined by 
CalEPA as the top 25 percent of communities experiencing disproportionate amounts of pollution, 
environmental degradation, and socioeconomic and public health conditions according to the Office of 
Environmental Health Hazard Assessment’s CalEnviroScreen tool, plus certain additional communities 
including federally recognized Tribal Lands. Low-income communities and households are defined by 
statute as those with incomes either at or below 80 percent of the statewide median or below a threshold 
designated as low-income by the Department of Housing and Community Development. 



https://ww2.arb.ca.gov/news/california-climate-investments-program-implements-105-billion-greenhouse-gas-reducing-projects

https://ww2.arb.ca.gov/news/california-climate-investments-program-implements-105-billion-greenhouse-gas-reducing-projects

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201120120SB535

https://oehha.ca.gov/calenviroscreen/report/calenviroscreen-40
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Environmental Justice Advisory Committee to advise it on the Initial Scoping Plan and 
other climate change programs. 


For this Scoping Plan, CARB reconvened the EJ Advisory Committee in May 2021. The 
committee is currently comprised of 14 environmental justice and disadvantaged 
community representatives, including the EJ Advisory Committee’s first tribal 
representative, who was appointed in February 2022. In October 2021, the EJ Advisory 
Committee formally created eight workgroups. These workgroups are a space for EJ 
Advisory Committee members to better understand specific sectors of the Scoping Plan 
and to assist the EJ Advisory Committee in the development of recommendations on this 
Scoping Plan. In December 2021, the EJ Advisory Committee provided scenario input 
responses to help shape the modeling for this Scoping Plan. In February 2022, San 
Joaquin Valley EJ Advisory Committee members hosted their first community workshop, 
with over 100 attendees. In March 2022, the CARB Board held a joint public meeting with 
the EJ Advisory Committee to discuss their draft preliminary recommendations for this 
Scoping Plan. In June 2022, over 165 attendees participated in a statewide community 
workshop held by EJ Advisory Committee members. The full schedule of EJ Advisory 
Committee Meetings and meeting materials are available on CARB’s website.70 This 
Scoping Plan includes references where EJ Advisory Committee Final 
Recommendations71 are included in the document. The final recommendations were 
discussed at a joint CARB and EJ Advisory Committee Hearing on September 1, 2022. 


The integration of environmental justice is critical to ensure that certain communities are 
not left behind. The AB 32 EJ Advisory Committee provided recommendations on 
September 30 in advance of the final Scoping Plan. There are footnotes to indicate where 
there is alignment between the AB 32 EJ Advisory Committee’s recommendations and 
this Scoping Plan. While the language in the text may not fully incorporate the specific EJ 
Advisory Committee’s recommendation, the footnotes do acknowledge the places in the 
text where there is general alignment with the spirit of the EJ Advisory Committee’s 
recommendation. 


Partnering with Tribes 


70 CARB. Environmental Justice Advisory Committee Meetings and Events. 
https://ww2.arb.ca.gov/environmental-justice-advisory-committee-meetings-and-events.  
71 Environmental Justice Advisory Committee. September 30, 2022. 2022 Scoping Plan 
Recommendations. 
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf. 



https://ww2.arb.ca.gov/environmental-justice-advisory-committee-meetings-and-events

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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There are 109 federally recognized tribes and over 60 non-federally recognized tribes in 
California. 72 In 2011, Governor Brown issued Executive Order B-10-11, recognizing and 
reaffirming the inherent right of tribes to exercise sovereign authority over their members 
and territory and directing state agencies to engage in government-to-government 
consultation with tribe and to work to develop partnerships and consensus.73 In 2019, 
Governor Newsom issued Executive Order N-15-19, which acknowledges and apologizes 
on behalf of the state for the historical “violence, exploitation, dispossession and the 
attempted destruction of tribal communities.”74 Establishing partnerships with tribal 
leaders to incorporate their priorities, traditional expertise, and knowledge will be 
important to achieving California’s climate goals. The Scoping Plan includes actions that 
tribal partners can voluntarily implement for sources under their jurisdiction (e.g., 
transitioning to zero emission fleets, installing infrastructure and control technologies, 
conducting climate smart land management). The Scoping Plan also uplifts the 
importance of having our tribal partners help guide actions that may impact tribal cultural 
resources and of benefitting from tribal input.  


We also need alignment between state and local partners and tribes on actions related 
to land-use decisions. This means respecting and reinforcing tribal sovereignty and self-
determination. As tribes do not always draw clear lines between the “natural” and 
“cultural” resources of a place, taking a holistic perspective will result in positive impacts 
in ability to address the complex issues of land management and regulatory undertakings. 


Tribes have an intimate and historical knowledge of places and should be engaged early 
on to inform planning and future management related to activities that may impact tribal 
resources and areas including potential funding opportunities, technical assistance, and 
capacity building, where appropriate. Additionally, tribes should be involved in the 
identification of their own significant resources and areas of use. As decisions are made 
related to Scoping Plan undertakings, agencies should recognize and appropriately 
consider cultural resources and management from the beginning, not as an afterthought; 
and consider how the project could impact tribes. 


72 These numbers are subject to change depending on determinations made by the Bureau of Indian 
Affairs (BIA) and the Native American Heritage Commission (NAHC). Please consult the most current 
Federal Register for a list of federally recognized tribes and the NAHC for a list of non-federally 
recognized tribes in California. As of the date of the Scoping Plan, the current list for federally recognized 
tribes is located at 87 Fed. Reg. 4636 (Jan. 28, 2022).  
73 Executive Order B-10-11. 
https://www.ca.gov/archive/gov39/2011/09/19/news17223/index.html#:~:text=EXECUTIVE%20ORDER%
20B-10-
11%20Published%3A%20Sep%2019%2C%202011%20WHEREAS,and%20affirmed%20in%20state%20
and%20federal%20law%3B%20and. 
74 Executive Order N-15-19. https://tribalaffairs.ca.gov/wp-content/uploads/sites/10/2020/02/Executive-
Order-N-15-19.pdf. 



https://www.ca.gov/archive/gov39/2011/09/19/news17223/index.html#:%7E:text=EXECUTIVE%20ORDER%20B-10-11%20Published%3A%20Sep%2019%2C%202011%20WHEREAS,and%20affirmed%20in%20state%20and%20federal%20law%3B%20and

https://www.ca.gov/archive/gov39/2011/09/19/news17223/index.html#:%7E:text=EXECUTIVE%20ORDER%20B-10-11%20Published%3A%20Sep%2019%2C%202011%20WHEREAS,and%20affirmed%20in%20state%20and%20federal%20law%3B%20and

https://www.ca.gov/archive/gov39/2011/09/19/news17223/index.html#:%7E:text=EXECUTIVE%20ORDER%20B-10-11%20Published%3A%20Sep%2019%2C%202011%20WHEREAS,and%20affirmed%20in%20state%20and%20federal%20law%3B%20and

https://www.ca.gov/archive/gov39/2011/09/19/news17223/index.html#:%7E:text=EXECUTIVE%20ORDER%20B-10-11%20Published%3A%20Sep%2019%2C%202011%20WHEREAS,and%20affirmed%20in%20state%20and%20federal%20law%3B%20and

https://tribalaffairs.ca.gov/wp-content/uploads/sites/10/2020/02/Executive-Order-N-15-19.pdf

https://tribalaffairs.ca.gov/wp-content/uploads/sites/10/2020/02/Executive-Order-N-15-19.pdf
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Finally, to the extent allowed by law, traditional ecological knowledge and culturally 
sensitive information should be protected, as this is information that may not be common 
knowledge and may not be known outside the tribe, as each tribe is unique and influenced 
by its local environment and cultural practices. Protection of this information will help 
foster productive relationships with tribes and should be included as part of the process. 
CARB and other agencies should continue to foster relationships with tribal partners. 


Maximizing Air Quality and Health Benefits 
The state has over 50 years of experience successfully cleaning the air in California by 
addressing criteria pollutants and toxic air contaminants from mobile and stationary 
sources. CARB has been a leader in measuring, evaluating, and reducing sources of air 
pollution that impact public health. Its air pollution programs have been adapted for 
national programs and emulated in other countries. Significant progress has been made 
in reducing diesel particulate matter (PM), which is a designated toxic air contaminant, 
and many other hazardous air pollutants. CARB partners with local air districts to address 
stationary source emissions and adopts and implements state-level regulations to 
address sources of criteria and toxic air pollution, including mobile sources. CARB also 
collaborates with federal agencies to address air pollution from sources primarily under 
federal jurisdiction. In many instances, actions to reduce fossil fuel combustion and 
achieve federal air quality standards also help to reduce GHG emissions.  


However, air pollution disparities still exist, and more must be done to ensure the most 
vulnerable populations have safe air to breathe. California must continue to evaluate 
opportunities to harmonize our climate and air quality programs through innovative 
policymaking and by building on existing programs like the Low Carbon Fuel Standard 
(LCFS) and Community Air Protection Program. The LCFS includes a provision that 
allows electric utilities to opt-in and generate residential electric vehicle (EV) charging 
credits, where some of the revenues are invested back into rebate programs that address 
air quality and climate pollution.75 The Community Air Protection Program76 is the first of 
its kind in the country and brings together diverse stakeholders, including CARB, local air 
districts, and residents of environmental justice communities to increase local air 
monitoring and develop community-led plans to improve air quality in the communities 
most impacted by air pollution. 


This Scoping Plan identifies actions that will deliver near-term air quality benefits to 
communities with the highest exposures and provide long-term GHG benefits. Many of 
the actions in this Scoping Plan are key elements of the 2022 State Strategy for the State 


75 CARB. LCFS Utility Rebate Programs. https://ww2.arb.ca.gov/resources/documents/lcfs-utility-rebate-
programs. 
76 CARB. Community Air Protection Program. https://ww2.arb.ca.gov/capp.  



https://ww2.arb.ca.gov/resources/documents/lcfs-utility-rebate-programs

https://ww2.arb.ca.gov/resources/documents/lcfs-utility-rebate-programs

https://ww2.arb.ca.gov/capp
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Implementation Plan to meet federal air quality standards,77 which has a primary focus of 
reducing harmful air pollution and achieving federal air quality targets. California’s 
approach of leveraging air quality and GHG policies together has yielded results. A 2022 
report by the Office of Environmental Health and Hazard Assessment (OEHHA)78 that 
evaluated GHG and harmful air pollution emissions from the heavy-duty vehicle (HDV) 
and large stationary source sectors found declines in emissions in both sectors, with the 
greatest declines in disadvantaged communities. Both sectors are subject to state GHG 
and air quality policies, in addition to federal and local rules on harmful air pollution. 
Because of historically racist and discriminatory practices such as redlining, both types of 
sources are disproportionately located adjacent to vulnerable communities, which are 
predominantly communities of color.79 The key findings from the OEHHA report are as 
follows: 


• Both HDVs and facilities subject to the Cap-and-Trade Program have reduced 
emissions of co-pollutants, with HDVs showing a clearer downward trend when 
compared to stationary sources. These emission reductions have major health 
benefits, including a reduction in premature pollution-related deaths. 


• The greatest beneficiaries of reduced emissions from both HDVs and facilities 
subject to the Cap-and-Trade Program have been in communities of color and in 
disadvantaged communities in California, as identified by CalEnviroScreen (CES). 
This has reduced the emission gap between disadvantaged and non-
disadvantaged communities, but a wide gap still remains. 


• The transition to zero-emission HDVs will expedite further emissions reductions. 
• While the progress observed is encouraging, inequities persist, and federal, state, 


and local climate and air quality programs must do more to reduce emissions of 
GHGs and co-pollutants to reduce the burden of emissions on disadvantaged 
communities and communities of color. 


 


It will take all tools at all levels of government, with robust enforcement, to ensure that 
vulnerable communities continue to see improvements in air quality until no disparities 
exist in air pollution across the state. 


 


 
77 CARB. 2022 State Strategy for the State Implementation Plan. 
https://ww2.arb.ca.gov/resources/documents/2022-state-strategy-state-implementation-plan-2022-state-
sip-strategy.  
78 OEHHA. 2022. Impacts of Greenhouse Gas Emission Limits within Disadvantaged Communities: 
Progress Toward Reducing Inequities. https://oehha.ca.gov/environmental-justice/report/ab32-benefits.  
79 CalEPA. 2021. Pollution and Prejudice. 
https://storymaps.arcgis.com/stories/f167b251809c43778a2f9f040f43d2f5. 
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Economic Resilience  
The state’s efforts to tackle the climate crisis will create economic and workforce 
development opportunities in the clean energy economy in communities across the state. 
Transitioning existing skills and expanding workforce training opportunities in climate-
related fields are critical for reducing harmful emissions and supporting workers in 
transitioning to new, high-quality jobs. The Administration’s recent budgets acknowledge 
the challenges facing workers in industries most affected by the state’s response to 
climate change—especially those in the fossil fuel industry. It will invest $1 billion in 
regional partnerships and economic diversification to create new jobs and support a local 
tax base and workforce transition and development once opportunities are identified. It 
also will invest in safety nets to protect, and support impacted communities as part of the 
transition to a carbon neutral economy. Specifically, the Community Economic Resilience 
Fund Program80 (CERF) supports communities and regional groups in producing regional 
roadmaps for economic recovery and transition that prioritize the creation of accessible, 
high-quality jobs in sustainable industries. The budget investments create the opportunity 
to future-proof and increase economic resilience in the face of more frequent climate 
impacts and shifting economic conditions. For these investments and implementation of 
the Scoping Plan to be successful in supporting the transition to a carbon neutral 
economy, workers and affected communities must be included in ongoing dialogue to 
ensure a high-road transition for regional economies.  


That state also recognizes it can play a more direct role in supporting a sustainable work 
force through its incentive programs. In 2021, Assembly Bill 680 (AB 680) (Burke, Chapter 
746, Statutes of 2021) was signed into law, requiring CARB to work with the California 
Labor and Workforce Development Agency to update the Funding Guidelines to include 
new workforce standards. CARB’s Funding Guidelines currently include requirements for 
administering agencies to, wherever possible, foster job creation within California, provide 
employment opportunities or job training tied to employment, and target these 
opportunities to priority populations. The Funding Guidelines also recommend 
administering agencies prioritize investments in projects that directly support jobs or a job 
training and placement program, and that they report the estimated employment benefits 
and employment outcomes for projects that meet specified criteria. These new 
requirements apply to agencies administering certain California Climate Investments 


 


 
80 Office of Planning and Research. Community Economic Resilience Fund. https://opr.ca.gov/economic-
development/cerf/. 
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programs that receive continuous appropriations from the Greenhouse Gas Reduction 
Fund and fall into the following six categories of standards:  


• fair and responsible employer standards,  
• inclusive procurement policies,  
• prevailing wage for construction work,  
• community workforce agreements for construction projects over one million 


dollars,  
• preference for projects with educational institutions or training programs, and  
• creation of high-quality jobs. CARB will be updating the Funding Guidelines 


through a public process over the next year to operationalize these new 
requirements. 


Partnering Across Government 
The Scoping Plan is an actionable plan to identify and align programs and policies to 
achieve California’s climate targets. To realize the outcomes and deliver results in any 
Scoping Plan, action is critical. For this Scoping Plan, there are also actions that rely on 
our federal partners to take on sources primarily under their jurisdiction (such as aviation, 
and federally owned/managed lands) while they also continue to develop national 
programs for GHG reductions. The federal government is already taking major steps to 
advance these types of programs. The Inflation Reduction Act of 202281 includes $369 
billion for domestic energy production and manufacturing and is expected to lead to U.S. 
GHG emission reductions of roughly 40 percent by 2030. Direct incentives will include 
those for clean vehicles and ENERGY STAR appliances, as well as improving 
transportation and clean energy in underserved communities.  


We also need our local partners to align on actions related to land-use decisions that 
support sustainable, resilient, low-carbon communities and permitting for clean energy 
production facilities and infrastructure; diversion of organics from landfills; and other 
climate-related projects. State agencies also should use the Scoping Plan to review and 
update their own programs and policies to support the actions identified in this Scoping 
Plan. Importantly, the Scoping Plan also can serve as a resource as the Legislature 
considers new legislative direction and funding to support the state’s path to carbon 
neutrality and continue action to address near-term air pollution disparities. 


Partnering with the Private Sector 
Government cannot achieve our climate targets alone. The scale of investment needed 
requires both private-sector investment and partnerships with philanthropies. Public 


 


 
81 Pub.L. No. 117-169 (August 16, 2022). 
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sector dollars, accompanied by strong and steady policy signals, must be a catalyst for 
deeper and broader investments by the private sector in both reducing emissions and 
building the resilience of our communities. Governor Newsom is committed to working 
collaboratively with businesses, including small businesses, to deploy the technologies, 
capital, and ingenuity that are hallmarks of the private sector.  


California structures our climate policies and regulations to create market signals and 
certainty that spur private sector investment. For example, the Governor’s Executive 
Order on Zero-Emission Vehicles82 set 2035 as the target year for 100 percent zero-
emission vehicle sales, creating a time horizon that allows automakers to scale up zero-
emission fleets and sending a clear signal to the companies and utilities that would deploy 
charging infrastructure. The Executive Order has been followed by development and 
adoption of the Advanced Clean Cars II regulation. CARB convened auto manufacturers, 
environmental justice groups, labor organizations, and many other stakeholders to 
provide input into development of the regulation in a robust and transparent manner; 
again, with the aim of providing certainty for producers and consumers. 


California also pursues public-private partnerships (PPP) as a mechanism to advance our 
collective climate goals. We know these vehicles can be effective at increasing the impact 
of public sector dollars and helpful in moving markets in a direction aligned with state 
policy. A new PPP the Administration is advancing is the Climate Catalyst Revolving Loan 
Fund, housed at the state’s Infrastructure and Economic Development Bank (IBank). The 
fund offers a range of financial instruments—including flexible credit and credit support—
to help bridge financing gaps currently preventing advanced climate solutions from 
scaling in the marketplace. The Catalyst Fund’s initial areas of investment include forest 
biomass management and utilization (unlocking innovation to reduce wildfire threats), 
climate-smart agriculture, and clean energy transmission. The fund leverages public 
sector investments by mobilizing private finance for shovel-ready projects that are stuck 
in the deployment phase. As such, IBank is ideally positioned as the state’s all-purpose 
“Green Bank,” with increasing connection to federal financing programs such as US 
DOE’s Loan Programs Office and the United States Environmental Protection Agency’s 
(U.S. EPA) Greenhouse Gas Reduction Fund.  


The Catalyst Fund builds from existing IBank financing programs that are themselves 
increasingly focused on the climate imperative. The IBank’s Infrastructure State 
Revolving Fund provides supportive capital to climate-aligned projects promoted by local 
governments and certain nonprofit entities, and will be refining its criteria and market 
outreach strategies to increase its level of service. IBank’s bonds program has supported 


 


 
82 Executive Department. State of California. Executive Order N-79-20. https://www.gov.ca.gov/wp-
content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf. 



https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf





37 


 


multiple large environmental projects, including more than $2 billion in “green bonds,” and 
is poised to help expand access to the state’s deep and liquid bond capital market. Within 
IBank’s Small Business Finance Center, the new Climate Tech Loan Guarantee program 
encourages commercial banks to back climate-focused small businesses, leveraging 
federal capital to insure a portion of the private bank’s loan. And through IBank’s 
Expanding Venture Capital Access Fund program, the state is promoting greater diversity 
in the venture capital community, including climate equity and climate justice. 


All of these financing programs exist to leverage private capital in support of the state’s 
climate goals, and to partner with state policy agencies driving the transition. IBank will 
also continue to collaborate closely with the State Treasurer’s Office in its provision of 
capital support to climate solutions, ensuring that funding flows to programs best 
positioned to deliver success. This partnership of public and private capital, responsive 
to and in communication with the climate policy community, will ensure that California 
gets the maximum possible benefit from its allocation of scarce resources. 


 


Supporting Innovation 
Reaching our ambitious, deep decarbonization goals will require continued technological 
innovation. Investment in research, development, and deployment of clean technologies 
has never been more critical. Sending clear and sustained market and policy signals will 
encourage large and small companies alike to pursue innovation that can be scaled up 
and deployed here and beyond our borders. The full suite of AB 32 policies83 has touched 
nearly every sector of California’s economy and spurred technology innovation in the 
state, including the growth of technology developers, manufacturers, processors, and 
assemblers in many areas. Specifically, AB 32 policies and programs support both the 
supply side and the demand side to build new markets in California. On the supply side, 
AB 32 policies support businesses to demonstrate and refine technologies, and to help 
establish critical supply chains. On the demand side, AB 32 policies and programs provide 
outreach, education, and incentives—as well as disincentives—to motivate everyone 
from consumers to institutional purchasers to utility planners to adopt new, climate smart 
technologies. Innovations resulting directly from the state’s climate policies include the 
following: 


• In the past 10 years, a growing market for heavy-duty zero-emission vehicles 
(HD ZEVs) was established in California, and this market now represents the 
largest single share of North American supply and demand for HD ZEVs. Vehicle 


 


 
83 CARB. Climate Change Programs. https://ww2.arb.ca.gov/our-work/topics/climate-change. 
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and component manufacturers are making long-term investments to develop and 
produce HD ZEVs within California.  


• Total consumption of renewable diesel in the California LCFS market has 
skyrocketed from approximately 1.8 million gallons in 2011 to nearly 589 million 
gallons in 2020. The LCFS is a key driver of market development for renewable 
diesel and its coproducts. While the federal renewable fuel standard (RFS) and 
blenders tax credit also benefit producers, an analysis of their respective 
contributions to market development, and interviews with industry representatives 
and independent experts, point to LCFS as a more important factor in market 
development, at least in recent years.  


• In the past five years, a market for small-scale energy storage in California was 
created where none previously existed. As of 2020, 185 megawatts (MW) of small-
scale energy storage projects have been interconnected to the grid. The significant 
increase in deployment in the last five years is a result of the Self-Generation 
Incentive Program (SGIP), which significantly reduces the upfront costs to 
purchase and install small-scale energy storage devices, and of growing customer 
interest in disaster resiliency in the face of increasing risk from wildfire and related 
utility outages. These systems have already provided disaster resiliency benefits 
for residential and non-residential customers. 


 


We have seen how quickly market barriers can be overcome in response to strong policy 
signals, as occurred in the solar panel and electric vehicle battery space. Government-
stated priorities have a significant role in guiding private and public research, 
development, and deployment. This Scoping Plan unequivocally puts the marker down 
on the need for innovation to continue in non-combustion technologies, clean energy, 
CO2 removal options, and alternatives for SLCPs. The five-year update to the Scoping 
Plan allows for a periodic evaluation of new tools to add to the state’s toolkit. 


Engagement with Partners to Develop, Coordinate, and Export 
Policies 
California works closely with other states, tribal governments, the federal government, 
and international jurisdictions to identify the most effective strategies and methods to 
reduce GHGs, manage GHG control programs, and facilitate the development of 
integrated and cost-effective regional, national, and international GHG reduction 
programs. For example, the state’s Cap-and-Trade Program has been linked with 
Québec’s since 2014, and CARB staff regularly engage with jurisdictions throughout the 
world on the design features of our Cap-and-Trade Program through memoranda of 
understanding (MOUs) and venues such as the International Climate Action 
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Partnership.84 Low carbon fuel mandates similar to California’s LCFS have been adopted 
by the U.S. EPA and by other jurisdictions, including Oregon, Washington, British 
Columbia, the European Union, and the United Kingdom. Many other jurisdictions from 
Japan to New Zealand, Australia, and the European Commission also continue to seek 
information and technical experience on our LCFS. California has and will continue to 
share information and encourage ambitious emissions reductions with interested 
jurisdictions, with a focus on China, India, Mexico, Canada, and the European Union. 
California’s early action to reduce super-pollutants such as methane and other SLCPs 
was reaffirmed by the 2021 Global Methane Pledge signed by the U.S. and over 100 
other countries at the 26th Conference of the Parties to the United Nations Framework 
Convention on Climate Change (UNFCCC).85  


In addition, under the Clean Air Act, the federal government is authorized to allow 
California to set more stringent vehicle emissions regulations than federal standards. 
California’s goals and regulations to transition to 100 percent sales of new zero-emission 
passenger vehicles by 2035 (including plug-in hybrid vehicles), to drayage trucks by 2035, 
and other trucks and buses where feasible by 2045 are being emulated by partner states 
across the U.S. and in jurisdictions around the world. CARB’s Advanced Clean Cars II 
regulation, 86 which codifies these targets, was approved in August 2022, and already at 
least four other states have announced their plans to adopt this regulation. Earlier in June 
2020 CARB adopted the Advanced Clean Truck regulation, which requires truck 
manufacturers to meet increasing sale targets of zero-emission trucks in California 
through 2035. Since adoption, at least five other states—20 percent of the U.S. truck 
market—have adopted this regulation. These kinds of coordinated policies help signal to 
vehicle manufacturers a widespread and growing demand for zero-emissions technology, 
which in turn helps scale production and lower costs for consumers. 


With the Mexican Secretariat for Environment and Natural Resources (SEMARNAT), 
California has engaged in a technical exchange on clean vehicle policies and helped to 
establish Mexico’s Emissions Trading System (being piloted in 2022). A 2019 MOU 
signed between California and Environment and Climate Change Canada enables in-
depth collaboration on policies and programs to decarbonize vehicles, engines, and fuels. 
This partnership has led to tangible emissions reductions, from aligning vehicle emissions 
targets and policies to collaborating on emissions testing and research critical to enforcing 


 


 
84 International Carbon Action Partnership (ICAP). Homepage. 
https://icapcarbonaction.com/en?msclkid=dac30cb7b4f511ec94ccd0f1ae323e98. 
85 Global Methane Pledge. Homepage. https://www.globalmethanepledge.org/.  
86 Cal. Code Regs., tit. 13, §§ 1900,1961.2, 1961.3, 1962.2, 1962.3, 1962.4, 1962.5, 1962.6, 1962.7, 
1962.8, 1965, 1968.2, 1969, 1976, 1978, 2037, 2038, 2112, 2139, 2140, 2147, and 2903; and Test 
Procedures located here: https://ww2.arb.ca.gov/rulemaking/2022/advanced-clean-cars-ii.  
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emissions limits for vehicle manufactures. At the national level, China has looked to 
California for cutting-edge requirements for car diagnostics and policies that promote 
zero-emissions vehicles. At a local level, Beijing has adopted California’s vehicle 
emissions standards and several other progressive environmental regulations. California 
will continue and renew such efforts across China, including through a 2022 MOU signed 
with China’s Ministry of Ecology and Environment.  


Between 2021 and 2023, California also will serve as president of the Transport 
Decarbonisation Alliance, a global network of countries, regions, cities, and companies 
that come together to share experiences and technical expertise, and to increase the 
ambition and accelerate the deployment of targeted transportation decarbonization 
policies across freight, electric vehicle infrastructure, and active mobility. Throughout its 
presidency, California will focus its leadership on decarbonizing the cross-jurisdiction 
network of medium- and heavy-duty vehicles, both to ensure cleaner air in freight-
adjacent communities and to stem the effects of climate change. 


Over the years, California has also asserted the importance of and supported the ongoing 
efforts of state and local clean air and climate leadership. Through our participation in the 
Pacific Coast Collaborative alongside British Columbia, Washington, and Oregon,87 the 
Under2 Coalition,88 the U.S. Climate Alliance,89 the International ZEV Alliance,90 the 
Transportation Decarbonisation Alliance, and many more organizations, California has 
and will continue to build climate partnerships with state and local governments.  


California also recognized the need to address the substantial emissions caused by the 
deforestation and degradation of tropical and other forests, and continues its work 
alongside other subnational governments as part of the Governors’ Climate and Forests 
Task Force (GCF).91 Founded in 2008, there are currently 39 GCF members, including 
states and provinces in Brazil, Colombia, Ecuador, Indonesia, Ivory Coast, Mexico, 
Nigeria, Peru, Spain, and the United States—all of whom are considering or operating 
programs to reduce emissions from deforestation, land-use, and rural development, and 
to benefit local and indigenous communities. CARB’s California Tropical Forest Standard 
provides a rigorous methodology to assess jurisdiction-scale programs that reduce 
deforestation and to incentivize responsible action and investment.92 The standard 


 


 
87 Pacific Coast Collaborative. Homepage. https://pacificcoastcollaborative.org/.  
88 Under2 Coalition. Homepage. https://www.theclimategroup.org/under2-coalition.  
89 United States Climate Alliance (USCA). Homepage. https://www.usclimatealliance.org/.  
90 ZEV Alliance. Homepage. Accelerating the Adoption of Zero-Emission Vehicles. https://zevalliance.org/.  
91 Governors’ Climate and Forests Task Force. University of Colorado Boulder: Colorado Law. 
https://www.gcftf.org/.  
92 CARB. California Tropical Forest Standard. https://ww2.arb.ca.gov/our-work/programs/california-
tropical-forest-standard. 
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provides a strong signal to value the preservation of tropical forests over continued 
destructive activities such as oil exploration and extraction and ensures rigorous social 
and environmental safeguards for indigenous peoples and local communities.  


Working Toward Carbon Neutrality 
To date, California and many other regions have focused on reducing GHG emissions 
from the industrial, energy, and transportation sectors. As defined in statute, the state’s 
2020 and 2030 targets include all in-state sources of GHG emissions—and those 
emissions associated with imported power that is consumed in the state. By moving to a 
framework of carbon neutrality, the scope for accounting is expanded to include all 
sources and sinks. As such, carbon neutrality is achieved when the GHG fluxes are at 
equilibrium—when sources equal sinks. Figure 1-5 depicts the sources included in the 
AB 32 GHG Inventory and the new sources and sinks added in this Scoping Plan under 
the framework of carbon neutrality. Natural and working lands are able to sequester 
carbon and therefore play an increasingly important role in this framework. However, 
modeling for this plan shows that carbon sequestration in our natural and working lands 
alone will be insufficient to achieve carbon neutrality no later than 2045. Therefore, this 
plan also considers the role of carbon capture and sequestration, as well as biological 
and mechanical carbon sequestration processes that are included in the IPCC Sixth 
Assessment Report,93 as necessary tools for climate change mitigation.  


 


 
93 IPCC. 2021. Climate Change 2021: The Physical Science Basis. https://www.ipcc.ch/report/ar6/wg1/. 
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Figure 1-5: Carbon neutrality: Balancing the net flux of GHG emissions from all 
sources and sinks 


 


Supporting Healthy and Resilient Lands 
Our natural and working lands are an important piece in California’s fight to achieve 
carbon neutrality and build resilience to the impacts of climate change. Healthy land can 
sequester and store atmospheric carbon dioxide in forests, grasslands, soils, and 
wetlands. Healthy lands can also reduce emissions of powerful short-lived climate 
pollutants, limit the release of future GHG emissions, protect people and nature from the 
impacts of climate change, and build our resilience to future climate risks. Unhealthy lands 
have the opposite effect—they release more GHGs than they store and are more 
vulnerable to future climate change impacts. Through climate smart land management 
that focuses on supporting healthy living systems, we can support our carbon neutrality 
goals, reduce emissions, advance sequestration, and support healthy and more climate-
resilient lands. 


Maintaining the Focus on Methane and Short-Lived Climate 
Pollutants 
Given the urgency of climate change, the often-disproportional impacts already being felt 
by underserved populations across California and the world, and the need to rapidly 
decarbonize and avoid climate tipping points as identified in the most recent IPCC 
assessment, efforts to reduce short-lived climate pollutants are especially important. 
SLCPs include methane (CH4), black carbon (soot), and fluorinated gases (F-gases, 







43 


 


including hydrofluorocarbons, or HFCs), and they are among the most harmful pollutants 
to both human health and the global climate. SLCPs are more potent than CO2 in terms 
of their impact on climate change (and subsequently, global warming) and have a much 
shorter lifetime in the atmosphere than CO2 does. That means they have an outsized 
impact on climate change in the near term—they are responsible for up to 45 percent of 
current climate forcing. It also means that targeted efforts to reduce short-lived climate 
pollutant emissions can provide outsized climate and health benefits, within weeks to 
about a decade (see Figure 1-6).  


Figure 1-6: Short-lived climate pollutant impacts94 


 


 


California has been a leader in addressing SLCP emissions. As part of the 2014 Scoping 
Plan,95 CARB committed to developing a dedicated strategy to reduce SLCP emissions. 


 


 
94 Climate and Clean Air Coalition. Short-Lived Climate Pollutants (SLCPs). 
https://www.ccacoalition.org/en/content/short-lived-climate-pollutants-slcps.  
95 CARB. 2014. First Update. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/2013_update/first_update_climate_chang
e_scoping_plan.pdf. 
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The resulting SLCP Reduction Strategy,96 adopted by CARB in 2017, implements targets 
codified in SB 1383 (Lara, Chapter 395, Statutes of 2016) to reduce methane and HFC 
emissions by 40 percent by 2030 and anthropogenic black carbon emissions by 50 
percent. California worked with several other states through the U.S. Climate Alliance to 
establish a similar goal to reduce SLCP emissions in line with the requirements of the 
Paris Agreement,97 identifying the potential to reduce SCLPs by 40 to 50 percent by 2030 
across the U.S. Climate Alliance.98 


Process for Developing the Scoping Plan 
This Scoping Plan was developed in coordination with the Governor’s Office and state 
agencies, in accordance with direction from the Chair and Members of CARB, through 
engagement with the Legislature, with advice from the EJ Advisory Committee, in 
consultation with tribes, and with open and transparent opportunities for stakeholders and 
the public to engage in workshops and other meetings. Appendix A (Public Process) 
includes details of the public workshops, and Chapter 5 includes details of the EJ Advisory 
Committee’s role in the Scoping Plan update process.  


Guidance from the Administration and Legislature 
This Scoping Plan reflects existing and recent direction in the Governor’s Executive 
Orders and Statutes. Table 1-1 provides a summary of major climate legislation and 
executive orders issued since the adoption of the 2017 Scoping Plan. 


  


 


 
96 CARB. 2017. Short-Lived Climate Pollutant Reduction Strategy. 
https://ww2.arb.ca.gov/sites/default/files/2020-07/final_SLCP_strategy.pdf.  
97 UNFCCC. 2015. Paris Agreement. https://unfccc.int/sites/default/files/english_paris_agreement.pdf.  
98 USCA. 2018. From SLCP Challenge to Action: A Roadmap for Reducing Short-Lived Climate Pollutants 
to Meet the Goals of the Paris Agreement. http://www.usclimatealliance.org/slcp-challenge-to-action. 
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Table 1-1: Major climate legislation and executive orders enacted since the 2017 
Scoping Plan  


Bill/Executive Order Summary 


Assembly Bill 1279 
(AB 1279) 
(Muratsuchi, Chapter 
337, Statutes of 2022) 


 


The California Climate 
Crisis Act  


AB 1279 establishes the policy of the state to achieve carbon 
neutrality as soon as possible, but no later than 2045; to 
maintain net negative GHG emissions thereafter; and to 
ensure that by 2045 statewide anthropogenic GHG emissions 
are reduced at least 85 percent below 1990 levels. The bill 
requires CARB to ensure that Scoping Plan updates identify 
and recommend measures to achieve carbon neutrality, and 
to identify and implement policies and strategies that enable 
CO2 removal solutions and carbon capture, utilization, and 
storage (CCUS) technologies.  


This bill is reflected directly in this Scoping Plan. 


Senate Bill 905 
(SB 905) (Caballero, 
Chapter 359, Statutes 
of 2022) 


 


Carbon Capture, 
Removal, Utilization, 
and Storage Program 


SB 905 requires CARB to create the Carbon Capture, 
Removal, Utilization, and Storage Program to evaluate, 
demonstrate, and regulate CCUS and carbon dioxide removal 
(CDR) projects and technology.  


The bill requires CARB, on or before January 1, 2025, to adopt 
regulations creating a unified state permitting application for 
approval of CCUS and CDR projects. The bill also requires the 
Secretary of the Natural Resources Agency to publish a 
framework for governing agreements for two or more tracts of 
land overlying the same geologic storage reservoir for the 
purposes of a carbon sequestration project. 


The Scoping Plan modeling reflects both CCUS and CDR 
contributions to achieve carbon neutrality.  


Senate Bill 846 
(SB 846) (Dodd, 
Chapter 239, Statutes 
of 2022) 


 


Diablo Canyon 
Powerplant: Extension 
of Operations 


SB 846 extends the Diablo Canyon Power Plant’s sunset date 
by up to five additional years for each of its two units and seeks 
to make the nuclear power plant eligible for federal loans. The 
bill requires that the California Public Utilities Commission 
(CPUC) not include and disallow a load-serving entity from 
including in their adopted resource plan, the energy, capacity, 
or any attribute from the Diablo Canyon power plant. 


The Scoping Plan explains the emissions impact of this 
legislation.  


Senate Bill 1020 
(SB 1020) (Laird, 


SB 1020 adds interim renewable energy and zero carbon 
energy retail sales of electricity targets to California end-use 
customers set at 90 percent in 2035 and 95 percent in 2040. 
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Chapter 361, Statutes 
of 2022) 


 


Clean Energy, Jobs, 
and Affordability Act of 
2022 


It accelerates the timeline required to have 100 percent 
renewable energy and zero carbon energy procured to serve 
state agencies from the original target year of 2045 to 2035. 
This bill requires each state agency to individually achieve the 
100 percent goal by 2035 with specified requirements. This bill 
requires the CPUC, California Energy Commission (CEC), and 
CARB, on or before December 1, 2023, and annually 
thereafter, to issue a joint reliability progress report that 
reviews system and local reliability. 


The bill also modifies the requirement for CARB to hold a 
portion of its Scoping Plan workshops in regions of the state 
with the most significant exposure to air pollutants by further 
specifying that this includes communities with minority 
populations or low-income communities in areas designated 
as being in extreme federal non-attainment. 


The Scoping Plan describes the implications of this legislation 
on emissions.  


Senate Bill 1137 
(SB 1137) (Gonzales, 
Chapter 365, Statutes 
of 2022) 


 


Oil & Gas Operations: 
Location Restrictions: 
Notice of Intention: 
Health protection zone: 
Sensitive receptors 


SB 1137 prohibits the development of new oil and gas wells or 
infrastructure in health protection zones, as defined, except for 
purposes of public health and safety or other limited 
exceptions. The bill requires operators of existing oil and gas 
wells or infrastructure within health protection zones to 
undertake specified monitoring, public notice, and nuisance 
requirements. The bill requires CARB to consult and concur 
with the California Geologic Energy Management Division 
(CalGEM) on leak detection and repair plans for these 
facilities, adopt regulations as necessary to implement 
emission detection system standards, and collaborate with 
CalGEM on public access to emissions detection data. 


Senate Bill 1075 
(SB 1075) (Skinner, 
Chapter 363, Statutes 
of 2022) 


 


Hydrogen: Green 
Hydrogen: Emissions 
of Greenhouse Gases 


SB 1075 requires CARB, by June 1, 2024, to prepare an 
evaluation that includes: policy recommendations regarding 
the use of hydrogen, and specifically the use of green 
hydrogen, in California; a description of strategies supporting 
hydrogen infrastructure, including identifying policies that 
promote the reduction of GHGs and short-lived climate 
pollutants; a description of other forms of hydrogen to achieve 
emission reductions; an analysis of curtailed electricity; an 
estimate of GHG and emission reductions that could be 
achieved through deployment of green hydrogen through a 
variety of scenarios; an analysis of the potential for 
opportunities to integrate hydrogen production and 
applications with drinking water supply treatment needs; policy 
recommendations for regulatory and permitting processes 
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associated with transmitting and distributing hydrogen from 
production sites to end uses; an analysis of the life-cycle GHG 
emissions from various forms of hydrogen production; and an 
analysis of air pollution and other environmental impacts from 
hydrogen distribution and end uses. 


This bill would inform the production of hydrogen at the scale 
called for in this Scoping Plan. 


Assembly Bill 1757 
(AB 1757) (Garcia, 
Chapter 341, Statutes 
of 2022) 


 


California Global 
Warming Solutions Act 
of 2006: Climate Goal: 
Natural and Working 
Lands 


AB 1757 requires the California Natural Resources Agency 
(CNRA), in collaboration with CARB, other state agencies, and 
an expert advisory committee, to determine a range of targets 
for natural carbon sequestration, and for nature-based climate 
solutions, that reduce GHG emissions in 2030, 2038, and 
2045 by January 1, 2024. These targets must support state 
goals to achieve carbon neutrality and foster climate 
adaptation and resilience. 


This bill also requires CARB to develop standard methods for 
state agencies to consistently track GHG emissions and 
reductions, carbon sequestration, and additional benefits from 
natural and working lands over time. These methods will 
account for GHG emissions reductions of CO2, methane, and 
nitrous oxide related to natural and working lands and the 
potential impacts of climate change on the ability to reduce 
GHG emissions and sequester carbon from natural and 
working lands, where feasible. 


This Scoping Plan describes the next steps and implications 
of this legislation for the natural and working lands sector.  


Senate Bill 1206 
(SB 1206) (Skinner, 
Chapter 884, Statutes 
of 2022) 


 


Hydrofluorocarbon 
gases: sale or 
distribution 


SB 1206 mandates a stepped sales prohibition on newly 
produced high- global warming potential (GWP) HFCs to 
transition California’s economy toward recycled and reclaimed 
HFCs for servicing existing HFC-based equipment. 
Additionally, SB 1206 also requires CARB to develop 
regulations to increase the adoption of very low-, i.e., GWP < 
10, and no-GWP technologies in sectors that currently rely on 
higher-GWP HFCs. 


Senate Bill 27 (SB 27) 
(Skinner, Chapter 
237, Statutes of 2021) 


 


SB 27 requires CNRA, in coordination with other state 
agencies, to establish the Natural and Working Lands Climate 
Smart Strategy by July 1, 2023. This bill also requires CARB 
to establish specified CO2 removal targets for 2030 and 
beyond as part of its Scoping Plan. Under SB 27, CNRA is to 
establish and maintain a registry to identify projects in the state 
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Carbon Sequestration: 
State Goals: Natural 
and Working Lands: 
Registry of Projects 


 


that drive climate action on natural and working lands and are 
seeking funding.  


CNRA also must track carbon removal and GHG emission 
reduction benefits derived from projects funded through the 
registry. 


This bill is reflected directly in this Scoping Plan as CO2 
removal targets for 2030 and 2045 in support of carbon 
neutrality.  


Senate Bill 596 
(SB 596) (Becker, 
Chapter 246, Statutes 
of 2021)  


 


Greenhouse Gases: 
Cement Sector: Net-
zero Emissions 
Strategy 


SB 596 requires CARB, by July 1, 2023, to develop a 
comprehensive strategy for the state’s cement sector to 
achieve net-zero-emissions of GHGs associated with cement 
used within the state as soon as possible, but no later than 
December 31, 2045. The bill establishes an interim target of 
40 percent below the 2019 average GHG intensity of cement 
by December 31, 2035. Under SB 596, CARB must: 


• Define a metric for GHG intensity and establish a 
baseline from which to measure GHG intensity 
reductions. 


• Evaluate the feasibility of the 2035 interim target 
(40 percent reduction in GHG intensity) by July 1, 2028. 


• Coordinate and consult with other state agencies. 
• Prioritize actions that leverage state and federal 


incentives. 
• Evaluate measures to support market demand and 


financial incentives to encourage the production and 
use of cement with low GHG intensity.  


The Scoping Plan modeling is designed to achieve these 
outcomes.  


Executive Order 
N-82-20 


 


Governor Newsom signed Executive Order N-82-20 in 
October 2020 to combat the climate and biodiversity crises by 
setting a statewide goal to conserve at least 30 percent of 
California’s land and coastal waters by 2030. The Executive 
Order also instructed the CNRA, in consultation with other 
state agencies, to develop a Natural and Working Lands 
Climate Smart Strategy that serves as a framework to advance 
the state’s carbon neutrality goal and build climate resilience. 
In addition to setting a statewide conservation goal, the 
Executive Order directed CARB to update the target for natural 
and working lands in support of carbon neutrality as part of this 
Scoping Plan, and to take into consideration the NWL Climate 
Smart Strategy. 
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Executive Order N-82-20 also calls on the CNRA, in 
consultation with other state agencies, to establish the 
California Biodiversity Collaborative (Collaborative). The 
Collaborative shall be made up of governmental partners, 
California Native American tribes, experts, business and 
community leaders, and other stakeholders from across the 
state. State agencies will consult the Collaborative on efforts 
to:  


• Establish a baseline assessment of California’s 
biodiversity that builds upon existing data and can be 
updated over time.  


• Analyze and project the impact of climate change and 
other stressors in California’s biodiversity.  


• Inventory current biodiversity efforts across all sectors 
and highlight opportunities for additional action to 
preserve and enhance biodiversity.  


CNRA also is tasked with advancing efforts to conserve 
biodiversity through various actions, such as streamlining the 
state’s process to approve and facilitate projects related to 
environmental restoration and land management. The 
California Department of Food and Agriculture (CDFA) is 
directed to advance efforts to conserve biodiversity through 
measures such as reinvigorating populations of pollinator 
insects, which restore biodiversity and improve agricultural 
production. 


The Natural and Working Lands Climate Smart Strategy 
informs this Scoping Plan. 


Executive Order 
N-79-20 


 


Governor Newsom signed Executive Order N-79-20 in 
September 2020 to establish targets for the transportation 
sector to support the state in its goal to achieve carbon 
neutrality by 2045. The targets established in this Executive 
Order are: 


• 100 percent of in-state sales of new passenger cars 
and trucks will be zero-emission by 2035. 


• 100 percent of medium- and heavy-duty vehicles will be 
zero-emission by 2045 for all operations where 
feasible, and by 2035 for drayage trucks. 


• 100 percent of off-road vehicles and equipment will be 
zero-emission by 2035 where feasible. 


The Executive Order also tasked CARB to develop and 
propose regulations that require increasing volumes of zero-
electric passenger vehicles, medium- and heavy-duty 
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vehicles, drayage trucks, and off-road vehicles toward their 
corresponding targets of 100 percent zero-emission by 2035 
or 2045, as listed above.  


The Scoping Plan modeling reflects achieving these targets.  


Executive Order 
N-19-19 


 


Governor Newsom signed Executive Order N-19-19 in 
September 2019 to direct state government to redouble its 
efforts to reduce GHG emissions and mitigate the impacts of 
climate change while building a sustainable, inclusive 
economy. This Executive Order instructs the Department of 
Finance to create a Climate Investment Framework that:  


• Includes a proactive strategy for the state’s pension 
funds that reflects the increased risks to the economy 
and physical environment due to climate change. 


• Provides a timeline and criteria to shift investments to 
companies and industry sectors with greater growth 
potential based on their focus of reducing carbon 
emissions and adapting to the impacts of climate 
change.  


• Aligns with the fiduciary responsibilities of the California 
Public Employees’ Retirement System, California State 
Teachers’ Retirement System, and the University of 
California Retirement Program. 


Executive Order N-19-19 directs the State Transportation 
Agency to leverage more than $5 billion in annual state 
transportation spending to help reverse the trend of increased 
fuel consumption and reduce GHG emissions associated with 
the transportation sector. It also calls on the Department of 
General Services to leverage its management and ownership 
of the state’s 19 million square feet in managed buildings, 
51,000 vehicles, and other physical assets and goods to 
minimize state government’s carbon footprint. Finally, it tasks 
CARB with accelerating progress toward California’s goal of 
five million ZEV sales by 2030 by:  


• Developing new criteria for clean vehicle incentive 
programs to encourage manufacturers to produce 
clean, affordable cars.  


• Proposing new strategies to increase demand in the 
primary and secondary markets for ZEVs. 


• Considering strengthening existing regulations or 
adopting new ones to achieve the necessary GHG 
reductions from within the transportation sector.  
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The Scoping Plan modeling reflects efforts to accelerate ZEV 
deployment.  


Senate Bill 576 
(SB 576) (Umberg, 
Chapter 374, Statutes 
of 2019) 


 


Coastal Resources: 
Climate Ready 
Program and Coastal 
Climate Change 
Adaptation, 
Infrastructure and 
Readiness Program 


Sea level rise, combined with storm-driven waves, poses a 
direct risk to the state’s coastal resources, including public and 
private real property and infrastructure. Rising marine waters 
threaten sensitive coastal areas, habitats, the survival of 
threatened and endangered species, beaches, other 
recreation areas, and urban waterfronts. SB 576 mandates 
that the Ocean Protection Council develop and implement a 
coastal climate adaptation, infrastructure, and readiness 
program to improve the climate change resiliency of 
California’s coastal communities, infrastructure, and habitat. 
This bill also instructs the State Coastal Conservancy to 
administer the Climate Ready Program, which addresses the 
impacts and potential impacts of climate change on resources 
within the conservancy’s jurisdiction.  


Assembly Bill 65 
(AB 65) (Petrie-
Norris, Chapter 347, 
Statutes of 2019)  


 


Coastal Protection: 
Climate Adaption: 
Project Prioritization: 
Natural Infrastructure: 
Local General Plans 


This bill requires the State Coastal Conservancy, when it 
allocates any funding appropriated pursuant to the California 
Drought, Water, Parks, Climate, Coastal Protection, and 
Outdoor Access For All Act of 2018, to prioritize projects that 
use natural infrastructure in coastal communities to help adapt 
to climate change. The bill requires the conservancy to provide 
information to the Office of Planning and Research on any 
projects funded pursuant to the above provision to be 
considered for inclusion into the clearinghouse for climate 
adaption information. The bill authorizes the conservancy to 
provide technical assistance to coastal communities to better 
assist them with their projects that use natural infrastructure. 


Executive Order 
B-55-18 


 


Governor Brown signed Executive Order B-55-18 in 
September 2018 to establish a statewide goal to achieve 
carbon neutrality as soon as possible, and no later than 2045, 
and to achieve and maintain net negative emissions 
thereafter. Policies and programs undertaken to achieve this 
goal shall: 


• Seek to improve air quality and support the health and 
economic resiliency of urban and rural communities, 
particularly low-income and disadvantaged 
communities. 


• Be implemented in a manner that supports climate 
adaptation and biodiversity, including protection of the 
state’s water supply, water quality, and native plants 
and animals.  
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This Executive Order also calls for CARB to: 
• Develop a framework for implementation and 


accounting that tracks progress toward this goal. 
• Ensure future Scoping Plans identify and recommend 


measures to achieve the carbon neutrality goal.  


This Scoping Plan is designed to achieve carbon neutrality no 
later than 2045 and the modeling includes technology and fuel 
transitions to achieve that outcome. 


Senate Bill 100 
(SB 100) (De León, 
Chapter 312, Statutes 
of 2018) 


 


California Renewables 
Portfolio Standard 
Program: emissions of 
greenhouse gases 


SB 100 mandates that the CPUC, CEC, and CARB plan for 
100 percent of total retail sales of electricity in California to 
come from eligible renewable energy resources and zero-
carbon resources by December 31, 2045. This bill also 
updates the state’s Renewables Portfolio Standard (RPS) to 
include the following interim targets:  


• 44% of retail sales procured from eligible renewable 
sources by December 31, 2024. 


• 52% of retail sales procured from eligible renewable 
sources by December 31, 2027. 


• 60% of retail sales procured from eligible renewable 
sources by December 31, 2030. 


Under SB 100, the CPUC, CEC, and CARB shall use 
programs under existing laws to achieve 100 percent clean 
electricity. The statute requires these agencies to issue a joint 
policy report on SB 100 every four years. The first of these 
reports was issued in 2021.  


This Scoping Plan reflects the SB 100 Core Scenario resource 
mix with a few minor updates. 


Assembly Bill 2127 
(AB 2127) (Ting, 
Chapter 365, Statutes 
of 2018) 


 


Electric Vehicle 
Charging 
Infrastructure: 
Assessment 


 


This bill requires the CEC, working with CARB and the CPUC, 
to prepare and biennially update a statewide assessment of 
the electric vehicle charging infrastructure needed to support 
the levels of electric vehicle adoption required for the state to 
meet its goals of putting at least 5 million zero-emission 
vehicles on California roads by 2030 and of reducing 
emissions of GHGs to 40% below 1990 levels by 2030. The 
bill requires the CEC to regularly seek data and input from 
stakeholders relating to electric vehicle charging 
infrastructure. 


This bill supports the deployment of ZEVs as modeled in this 
Scoping Plan.  
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Senate Bill 30 (SB 30) 
(Lara, Chapter 614, 
Statutes of 2018) 


 


Insurance: Climate 
Change 


This bill requires the Insurance Commissioner to convene a 
working group to identify, assess, and recommend risk 
transfer market mechanisms that, among other things, 
promote investment in natural infrastructure to reduce the risks 
of climate change related to catastrophic events, create 
incentives for investment in natural infrastructure to reduce 
risks to communities, and provide mitigation incentives for 
private investment in natural lands to lessen exposure and 
reduce climate risks to public safety, property, utilities, and 
infrastructure. The bill requires the policies recommended to 
address specified questions. 


Assembly Bill 2061 
(AB 2061) (Frazier, 
Chapter 580, Statutes 
of 2018)  


 


Near-zero-emission 
and Zero-emission 
Vehicles 


Existing state and federal law sets specified limits on the total 
gross weight imposed on the highway by a vehicle with any 
group of two or more consecutive axles. Under existing federal 
law, the maximum gross vehicle weight of that vehicle may not 
exceed 82,000 pounds. AB 2061 authorizes a near-zero-
emission vehicle or a zero-emission vehicle to exceed the 
weight limits on the power unit by up to 2,000 pounds.  


This bill supports the deployment of cleaner trucks as modeled 
in this Scoping Plan.  


 


Consideration of Relevant State Plans and Regulations 
Development of this Scoping Plan also included careful consideration of, and coordination 
with, other state agency plans and regulations, including the SB 100 Joint Agency 
Report,99 the 2022 State Strategy for the State Implementation Plan,100 Climate Action 
Plan for Transportation Infrastructure,101 AB 74 Studies on Vehicle Emissions and Fuel 
Demand and Supply,102,103,104 Short-Lived Climate Pollutant Strategy (SLCP Strategy),105 


 


 
99 CPUC, CEC, and CARB. 2021. SB 100 Joint Agency Report. https://www.energy.ca.gov/sb100.  
100 CARB. January 31, 2022. Draft 2022 State Strategy for the State Implementation Plan. 
https://ww2.arb.ca.gov/sites/default/files/2022-01/Draft_2022_State_SIP_Strategy.pdf.  
101 CalSTA. 2021. Climate Action Plan. https://calsta.ca.gov/subject-areas/climate-action-plan. 
102 CalEPA. 2021. Carbon Neutrality Studies. https://calepa.ca.gov/climate/carbon-neutrality-studies/. 
103 Brown, A. L., et. al. 2021. Driving California’s Transportation Emissions. 
https://escholarship.org/uc/item/3np3p2t0.  
104 Deschenes, O. 2021. Enhancing equity. https://zenodo.org/record/4707966#.YKPiaKhKi73. 
105 CARB. Short-Lived Climate Pollutants. https://ww2.arb.ca.gov/our-work/programs/slcp.  



https://www.energy.ca.gov/sb100

https://ww2.arb.ca.gov/sites/default/files/2022-01/Draft_2022_State_SIP_Strategy.pdf

https://calsta.ca.gov/subject-areas/climate-action-plan

https://calepa.ca.gov/climate/carbon-neutrality-studies/

https://escholarship.org/uc/item/3np3p2t0

https://zenodo.org/record/4707966#.YKPiaKhKi73

https://ww2.arb.ca.gov/our-work/programs/slcp
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CARB’s Achieving Carbon Neutrality Report,106 Climate Smart Strategy,107 and draft 
Natural and Working Lands Implementation Plan,108 among others.  


Input from Partners and Stakeholders 
CARB also collaborated with other state agencies, held consultations with tribes, and 
solicited comments and feedback from affected stakeholders, including labor 
organizations and the public. The process to update the Scoping Plan began with kickoff 
workshops in early June 2021,109 followed by over a dozen public workshops, including 
engagement with tribes,110 and featured a series of EJ Advisory Committee and 
environmental justice community meetings.111 The June 2021 workshop and several 
others were a joint agency effort, as there are many agencies with direct authority or 
jurisdiction over different sectors of the economy. Consultation with agencies also 
included bi-weekly, monthly, and weekly meetings. 


During the summer of 2022 CARB held three community listening sessions, hosted by 
the CARB Chair and Board, in communities around the state, along with one virtual 
community listening session and one tribal listening session specifically for tribes. Many 
tribes provided written feedback, which was incorporated into this Scoping Plan. In 
addition, CARB respects tribal sovereignty and also engaged in a consultation campaign 
with tribes, which resulted in government-to-government consultations, and this Scoping 
Plan is reflective of this process.112 
Emissions Data That Inform the Scoping Plan 
Greenhouse Gas Emissions 
AB 32 includes which GHGs are to be regulated, reduced, and included in the state’s 
targets and goals. That list includes seven GHGs: carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), sulfur hexafluoride (SF6), hydrofluorocarbons (HFCs), 


 


 
106 Energy and Environmental Economics, Inc. 2020. Achieving Carbon Neutrality. 
https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_report_oct2020_0.pdf. 
107 CNRA. 2022. Natural and Working Lands Climate Smart Strategy. 
https://resources.ca.gov/Initiatives/Expanding-Nature-Based-Solutions. 
108 CARB. 2019. Draft California 2030 Natural and Working Lands Climate Change Implementation Plan. 
https://ww2.arb.ca.gov/resources/documents/nwl-implementation-draft. 
109 Appendix A (Public Process). 
110 CARB. Scoping Plan Meetings & Workshops. https://ww2.arb.ca.gov/our-work/programs/ab-32-
climate-change-scoping-plan/scoping-plan-meetings-workshops. 
111 CARB. Environmental Justice Advisory Committee Meetings and Events. 
https://ww2.arb.ca.gov/environmental-justice-advisory-committee-meetings-and-events. 
112 CARB. 2018. Tribal Consultation Policy. October. 
https://www.arb.ca.gov/regact/nonreg/2018/california_air_resources_board_tribal_consultation_policy.pdf. 



https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_report_oct2020_0.pdf

https://resources.ca.gov/Initiatives/Expanding-Nature-Based-Solutions

https://ww2.arb.ca.gov/resources/documents/nwl-implementation-draft

https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/scoping-plan-meetings-workshops

https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/scoping-plan-meetings-workshops

https://ww2.arb.ca.gov/environmental-justice-advisory-committee-meetings-and-events

https://www.arb.ca.gov/regact/nonreg/2018/california_air_resources_board_tribal_consultation_policy.pdf
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perfluorocarbons (PFCs), and nitrogen trifluoride (NF3). Carbon dioxide is the primary 
GHG emitted in California, accounting for 83 percent of the total GHG emissions in 2019, 
as shown in Figure 1-7 below. Figure 1-8 illustrates that transportation (primarily on-road 
travel) is the single largest source of CO2 emissions in the state. Upstream transportation 
emissions from the refinery and oil and gas sectors are categorized as CO2 emissions 
from industrial sources and constitute about 50 percent of the industrial source emissions. 
When including these emissions, the transportation sector accounts for approximately 
half of statewide GHG emissions. Other significant sources of CO2 include electricity 
production, industrial sources like refineries and cement plants, and residential sources 
like fossil gas. Figures 1-7 and 1-8 show state GHG emission contributions by GHG and 
sector based on the 2020 Greenhouse Gas Emission Inventory; GHG emissions for 2019 
are shown because 2020 was an outlier due to the global pandemic. Emissions in Figure 
1-8 are depicted by Scoping Plan sector, which includes separate categories for high-
global warming potential (GWP) and recycling/waste emissions that are otherwise 
typically included within other economic sectors. 


Figure 1-7: 2019 State GHG emission contributions by GHG113 


 


 


 
113 CARB. 2022. California Greenhouse Gas Emissions for 2000 to 2020: Trends of Emissions and Other 
Indicators. https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-
2020_ghg_inventory_trends.pdf. 
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https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf

https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf
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Figure 1-8: 2019 State GHG emission contributions by Scoping Plan sector114  


 


The scope of the AB 32 GHG Inventory encompasses emission sources within the state’s 
borders, as well as imported electricity consumed in the state. This construct for the 
inventory is consistent with IPCC practices to allow for comparison of statewide GHG 
emissions with those at the national level and with other international GHG inventories. 
Statewide GHG emissions calculations use many data sources, including data from other 
state and federal agencies. However, a significant source of data comes from reports 
submitted to CARB through the Regulation for the Mandatory Reporting of GHG 
Emissions (MRR). The MRR requires facilities and entities with more than 10,000 metric 
tons of carbon dioxide equivalent (MTCO2e) of combustion and process emissions, all 
facilities belonging to certain industries, and all electric power entities to submit an annual 
GHG emissions data report directly to CARB. Furthermore, this regulation requires that 
reports from entities that emit more than 25,000 MTCO2e be verified by a CARB-


 


 
114 The High GWP sector includes high global warming potential gas emissions from releases of ozone 
depleting substance (ODS) substitutes, SF6 emissions from the electricity transmission and distribution 
system, and gases that are emitted in the semiconductor manufacturing process. ODS substitutes, which 
are primarily HFCs, are used in refrigeration and air conditioning equipment, solvent cleaning, foam 
production, fire retardants, and aerosols.  
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accredited third-party verification body. More information on MRR emissions reports can 
be found at CARB’s Mandatory Greenhouse Gas Emissions Reporting website.115  


All data sources used to develop the GHG Emission Inventory are listed in CARB’s 
inventory supporting documentation.116  


Natural and Working Lands 
For natural and working lands, the 2018 ecosystem carbon inventory (NWL Inventory)117 
shows there are approximately 5,340 million metric tons (MMT) of carbon in the carbon 
pools118 (reservoirs of carbon that have the ability to both take in and release carbon) that 
CARB has quantified (see Figure 1-9). For purposes of comparison, 5,340 MMT of 
ecosystem carbon stock is equivalent to 19,600 MMT of atmospheric CO2. Forests and 
shrublands contain the majority of California’s carbon stock because they cover the 
majority of California’s landscape and have the highest carbon density of any land cover 
type. All other land categories combined comprise over 35 percent of California’s total 
acreage, but only 15 percent of carbon stocks. Roughly half of the 5,340 MMT of carbon 
resides in soils and half in plant biomass. 


  


 


 
115 CARB. Mandatory Greenhouse Gas Emissions Reporting. https://ww2.arb.ca.gov/our-
work/programs/mandatory-greenhouse-gas-emissions-reporting.  
116 CARB. Current California GHG Emission Inventory Data. www.arb.ca.gov/cc/inventory/data/data.htm. 
117 CARB. 2018. An Inventory of Ecosystem Carbon in California’s Natural and Working Lands. 
https://ww3.arb.ca.gov/cc/inventory/pubs/nwl_inventory.pdf. 
118 “Carbon pools” are Above-Ground Live Biomass (boles, stems, and foliage in shrubs, trees, grasses, 
and herbaceous vegetation), Below-Ground Live Biomass (roots in shrubs, trees, grasses, and 
herbaceous vegetation), Dead Organic Matter (standing or downed dead wood and litter), Harvested 
Wood Products (all wood and bark material that leaves harvest sites regardless of whether it is eventually 
incorporated into merchandisable products), and Soil Organic Matter (organic carbon in the top 30 
centimeters of soil). 



https://ww2.arb.ca.gov/our-work/programs/mandatory-greenhouse-gas-emissions-reporting

https://ww2.arb.ca.gov/our-work/programs/mandatory-greenhouse-gas-emissions-reporting

http://www.arb.ca.gov/cc/inventory/data/data.htm

https://ww3.arb.ca.gov/cc/inventory/pubs/nwl_inventory.pdf
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Figure 1-9: Carbon stocks in natural and working lands (MMT carbon) 


In addition to providing an estimate of the ecosystem carbon that exists on California’s 
landscape, the NWL Inventory also shows how those carbon stocks are changing (see 
Figure 1-10). The inventory attributes stock change to human activity, such as land use 
change, or to disturbances, such as wildfire. CARB’s inventory shows these lands were 
a source of GHG emissions from 2001 to 2011, releasing more carbon than they stored, 
and then they returned to be a slight carbon sink from 2012 to 2014. These trends 
highlight the interannual and interdecadal variability of lands and their ability to be both a 
source and a sink of carbon.  
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Figure 1-10: Changes in carbon stock by landscape type 


 


For natural and working lands, California’s inventory is also based on IPCC methods for 
tracking ecosystem carbon over time, providing for comparability with other national and 
subnational inventories and carbon accounting. As such, the NWL Inventory is an 
important tool for tracking both carbon stock changes in California over time and the 
impacts that interventions such as those identified in this Scoping Plan, actions identified 
in the Climate Smart Land Strategy, and others have on NWL carbon stocks. 


All data sources used to develop the NWL Inventory are listed in the technical support 
documentation at CARB’s California Natural & Working Lands Inventory website.119  


 


 
119 CARB. California Natural & Working Lands Inventory. https://ww2.arb.ca.gov/nwl-inventory.  



https://ww2.arb.ca.gov/nwl-inventory
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Black Carbon 
In addition, CARB has developed a statewide emission inventory for black carbon in 
support of the SLCP Strategy. The inventory is reported in two categories: non-forestry 
(anthropogenic) sources and forestry sources.120 The black carbon inventory is calculated 
using existing PM2.5 emission inventories combined with speciation profiles that define 
the fraction of PM2.5 that is black carbon. The black carbon inventory helps support 
implementation of the SLCP Strategy, but it is not part of California’s GHG Inventory that 
tracks progress toward the state’s climate targets under AB 32 or SB 32. The state’s major 
anthropogenic sources of black carbon include off-road transportation, on-road 
transportation, residential wood burning, fuel combustion, and industrial processes. 
CARB estimated 2017 black carbon emissions to be approximately 8 MTCO2e.121 The 
majority of anthropogenic sources come from transportation—specifically, heavy-duty 
vehicles. The share of black carbon emissions from transportation is dropping rapidly and 
is expected to continue to do so between now and 2030 as a result of California’s air 
quality programs. The remaining black carbon emissions will come largely from 
woodstoves/fireplaces, off-road applications, and industrial/commercial combustion. The 
forestry category includes non-agricultural prescribed burning and wildfire emissions.  


Tracking Life-Cycle and Out-of-State Emissions 
In recent years there has been increased interest in the embedded carbon in products, 
also known as life-cycle emissions. A life-cycle accounting framework refers to all of the 
GHG emissions generated from the sourcing, production, and transportation of products 
to an endpoint. In doing such assessments for a product, emissions may be associated 
with sourced materials and production activity outside a jurisdiction’s borders. While life-
cycle emissions can provide a more comprehensive picture of the emissions associated 
with the goods we consume and ongoing demand, life-cycle inventories are inconsistent 
with IPCC standards, as they would result in double counting of emissions across 
jurisdictions. Other countries and regions do produce their own inventory reports 
consistent with IPCC methods and are taking action to reduce emissions within their 
jurisdictions. In addition, jurisdictions often lack legal authority to regulate sources outside 
of their borders. Finally, it is difficult to obtain accurate data for sources and production 
activities outside of a region’s border that would impact the accuracy of such an inventory. 
For these reasons, the inventory used in the Scoping Plan does not use a life-cycle 


 


 
120 SB 1383. https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201520160SB1383.  
121 This is a preliminary estimate developed for this Scoping Plan. Official Black Carbon emissions 
estimates are provided in the SLCP inventory here: https://ww2.arb.ca.gov/ghg-slcp-inventory. 



https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201520160SB1383

https://ww2.arb.ca.gov/ghg-slcp-inventory
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approach and remains consistent with international accounting standards and consistent 
with how other countries and regions track emissions within their jurisdictions. 


However, GHG mitigation action may cross geographic borders as part of subnational 
and international collaboration, or as a natural result of implementation of regional 
policies. In addition to the state’s existing GHG inventory, CARB will develop an 
accounting framework that reflects the benefits of our policies accruing outside of the 
state. This accounting framework will be important to better understand the true impact 
of the state’s policies on what is emitted into the atmosphere. For example, the LCFS 
incentivizes GHG reductions along the entire supply chain for the production and delivery 
of transportation fuel imported for use in the state. However, our inventory only captures 
the change in emissions from the tailpipe of when that fuel is used in California and does 
not capture any GHG reductions that occur in the production process if the fuel is 
produced out of state.  


Natural and working lands forestry actions are another example, where California’s 
policies are inspiring forest management actions in other states that result in increased 
permanent carbon sequestration. California’s NWL inventory does not capture the 
increased carbon stocks resulting from forestry projects happening outside of California, 
and the CO2 removals resulting from these projects are not applied in either CARB’s NWL 
inventory or CARB’s AB 32 GHG Emissions Inventory. For GHG reductions outside of the 
state to be attributed to our programs, those reductions must be real, quantifiable, 
verifiable, and permanent.  


It also will be important to avoid any double counting (including claims to those reductions 
by other jurisdictions) and to transparently indicate whether any extra-jurisdictional 
emissions reductions might be included in another region’s inventory. CARB is 
collaborating with other jurisdictions to ensure GHG accounting rules are consistent with 
international best practices, as robust accounting rules instill confidence in the reductions 
claimed and maintain support for joint action across jurisdictions. The policy goals of 
consistency and transparency are critical as we work together with other jurisdictions on 
our parallel paths to achieve our GHG targets with real benefits to the atmosphere. 


Tracking Progress 
Historically, the AB 32 GHG Inventory has been the primary metric to track progress 
toward achieving climate targets.122 However, we must now deploy clean technology at 
unprecedented rates. The emissions modeling underpinning this Scoping Plan and 


 


 
122 Starting with the 2022 Edition of the AB 32 GHG inventory, the inventory development now relies more 
directly on the annually reported and third-party verified emissions from the Regulation for the Mandatory 
Reporting of Greenhouse Gas Emissions.  
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targets for clean technology in statute can serve as leading indicators across the economy 
on how our actions compare to the pace of action needed to be on track to achieve carbon 
neutrality. The California Climate Dashboard123 was launched in 2022 and provides high-
level metrics for clean energy production and technology deployment. Statistics such as 
the deployment of zero emission vehicles and clean electricity generation are just some 
of the examples of metrics across the economy that can be tracked, in addition to GHG 
emissions, to understand if the state is on track to meet its climate goals. A key indicator 
to track will be building of new energy infrastructure and deployment of clean technology 
as evaluated in the uncertainty analysis in Chapter 2. CARB will coordinate with state 
agencies to establish and make public similar metrics across all economic sectors to help 
provide transparency on the state’s progress in deploying clean technology at the pace 
and scale needed to achieve carbon neutrality no later than 2045.  


 


 


 
123 CalEPA. California Climate Dashboard. https://calepa.ca.gov/climate-dashboard/.  



https://calepa.ca.gov/climate-dashboard/
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Chapter 2: The Scoping Plan Scenario 


This chapter describes the Scoping Plan Scenario, which for the first time includes 
sources in both the AB 32 GHG Inventory and Natural and Working Lands (NWL). It 
begins with a short description of the alternatives evaluated. Four scenarios for the AB 32 
GHG Inventory and NWL were considered separately and helped to inform the Scoping 
Plan Scenario. Each of the alternatives were considered in terms of the important criteria 
and priorities that the state’s comprehensive climate action must deliver, including the 
need for GHG reductions that are not only technologically feasible and cost-effective, but 
also can deliver health and economic benefits for the state. All the scenarios were set 
against what is called the Reference Scenario—that is, what the GHG emissions would 
look like if we did nothing at all beyond the existing policies that are required and already 
in place to achieve the 2030 target of at least 40 percent below 1990 levels, or those 
expected with no new actions in the NWL sector. For this Scoping Plan, two sets of 
modeling tools were used to evaluate the AB 32 GHG Inventory and NWL sectors 
because no single model can assess both AB 32 sectors and NWL together. As a result, 
two different sets of scenarios were developed for each sector type. While this chapter 
breaks out discussion separately for the two sector types, the Scoping Plan Scenario 
reflects the combined actions across both sectors by choosing an alternative from each 
sector type. The modeling provides point estimates; however, that does not imply 
precision. As discussed in the uncertainty section, several types of uncertainties are 
associated with any outcomes projected by the modeling results. There will be ranges of 
estimates associated with each point that are not shown in the graphs or results.  


Scenarios for the AB 32 GHG Inventory Sectors 


The Reference Scenario for the AB 32 GHG Inventory sectors shows continuing but 
modest GHG reductions beyond 2030 that level off toward mid-century. The 
comprehensive analysis of all four alternatives indicates that the Scoping Plan Scenario 
is the best choice to achieve California’s climate and clean air goals while balancing the 
legislative direction on prioritizing direct emissions reductions, reducing anthropogenic 
emissions by at least 85 percent by 2045, being technologically feasible, and being cost-
effective. It also protects public health, provides a solid foundation for continued economic 
growth, and drastically reduces the state’s dependence on fossil fuel combustion and 
does not disproportionately impact disadvantaged communities. Each of the alternative 
scenarios was the product of a process of development informed by public input, the 
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governor,124 CARB, legislative direction, and input by the EJ Advisory Committee.125,126 
Future updates to the Scoping Plan may consider new clean technologies and fuels 
beyond those included in this Scoping Plan.  


The four scenarios evaluated shared many similarities. They each embodied the following 
characteristics: 


• Drastic reduction in fossil fuel dependence, with some remaining in-state demand 
for fossil fuels for aviation, marine, and locomotion applications, and for fossil gas 
for buildings and industry 


• Ambitious deployment of efficient non-combustion technologies such as zero 
emission vehicles and heat pumps 


• Rapid growth in the production and distribution of clean energy such as zero 
carbon electricity and hydrogen 


• Progressive phasedown of fossil fuel production and distribution activities as part 
of the transition to clean energy 


• Remaining emissions of fugitive SLCPs such as refrigerants and fugitive methane 
• Strong consumer adoption of clean technology and fuel options 
• Removal of remaining CO2 emissions to achieve carbon neutrality 
• Some reliance on carbon capture and sequestration (CCS) 


 


While the four scenarios had a lot in common, they also had some differences: 


• Year in which carbon neutrality is achieved (2035 or 2045) 
• Rate of deployment of clean technology and production and distribution of zero 


carbon energy 
• Remaining amount of demand for fossil energy in the year carbon neutrality is 


achieved 
• Constraints on technology and fuels deployed in certain sectors 
• Consumer adoption rates of clean technologies and fuels 
• Degree of reliance on CO2 removal 
• Degree of reliance on CCS 


 


 
124 Newsom, Gavin. July 22, 2022. Letter from Governor Newsom to CARB Chair Liane Randolph. 
Retrieved from https://www.gov.ca.gov/wp-content/uploads/2022/07/07.22.2022-Governors-Letter-to-
CARB.pdf.  
125 EJ Advisory Committee. December 2, 2021. EJ Advisory Committee Responses for the CARB 
Scenario Inputs. https://ww2.arb.ca.gov/sites/default/files/2021-
12/EJAC%20Final%20Responses%20to%20CARB%20Scenario%20Inputs_12_2_21.pdf. 
126 CARB. January 25, 2022. Update on PATHWAYS Scenario Modeling Assumptions. 
https://ww2.arb.ca.gov/sites/default/files/2022-
01/Scenario%20Slides%20for%20Jan25%20EJAC%20Mtg_01242022.pdf.  



https://www.gov.ca.gov/wp-content/uploads/2022/07/07.22.2022-Governors-Letter-to-CARB.pdf

https://www.gov.ca.gov/wp-content/uploads/2022/07/07.22.2022-Governors-Letter-to-CARB.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-12/EJAC%20Final%20Responses%20to%20CARB%20Scenario%20Inputs_12_2_21.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-12/EJAC%20Final%20Responses%20to%20CARB%20Scenario%20Inputs_12_2_21.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-01/Scenario%20Slides%20for%20Jan25%20EJAC%20Mtg_01242022.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-01/Scenario%20Slides%20for%20Jan25%20EJAC%20Mtg_01242022.pdf
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The summary below provides an overview of the alternatives designed and considered 
for the energy and industrial sectors in this update. Full details of each scenario 
considered can be found in the Draft 2022 Scoping Plan Update 


Scoping Plan Scenario (modeling scenario Alternative 3 from the Draft): 
carbon neutrality by 2045, deploy a broad portfolio of existing and emerging fossil 
fuel alternatives and clean technologies, and align with statutes, Executive Orders, 
Board direction, and direction from the governor 


 Alternative 1: carbon neutrality by 2035, nearly complete phaseout of all 
combustion, limited reliance on carbon capture and sequestration and engineered 
carbon removal, and restricted applications for biomass-derived fuels 


 Alternative 2: carbon neutrality by 2035 and aggressive deployment of a full suite 
of technology and energy options, including engineered carbon removal 


Alternative 4: carbon neutrality by 2045, deployment of a broad portfolio of 
existing and emerging fossil fuel alternatives, slower deployment and adoption 
rates than the Scoping Plan Scenario, and a higher reliance on CO2 removal  


Other considerations for the AB 32 GHG Inventory sectors include the following:  


• To what extent does an alternative meet the statewide targets and any sector 
targets, and also deliver clean air benefits (especially in the near term) to address 
ongoing healthy air disparities, prioritize reductions for mobile and large stationary 
sources, and emphasize continued investment in disadvantaged communities?  


• Does an alternative support California in building on efforts to collaborate with 
other jurisdictions and include exportable policies based on robust science?  


• Does an alternative provide for compliance options and a cost-effective approach 
to reduce GHG emissions? 


• Does the alternative present a realistic and ambitious path forward consistent with 
statute and science, and support economic opportunities, particularly in anticipated 
growth sectors? 


Scenarios for Natural and Working Lands 


For the natural and working lands sector, the Reference Scenario shows that NWL will 
continue to emit GHGs and lose carbon stocks into the future as the combined effects of 
past unhealthy management practices and climate change impact our lands. Relative to 
the Reference Scenario, the four NWL scenarios represent different scales of land 
management on seven landscapes (forests, shrublands/chaparral, grasslands, 
croplands, developed lands, wetlands, and sparsely vegetated lands) to support carbon 
neutrality.  



https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
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The analysis of the four NWL scenarios shows that the Scoping Plan Scenario is the 
preferred choice because it prioritizes sustainable land management to sequester carbon 
over the long term, GHG and air pollution reductions, ecosystem health and resilience, 
and implementation and technological feasibility and cost-effectiveness. The Scoping 
Plan Scenario reduces catastrophic wildfire risk to the state; increases the health and 
resilience of California’s forests, shrublands, and grasslands; increases soil health; and 
protects, restores, and enhances California’s natural and working lands for future 
generations. The Scoping Plan Scenario takes into consideration the priority landscapes 
and nature-based strategies identified in California’s Climate Smart Strategy127 and 
reflects the state’s priorities to manage lands in ways that support the multiple benefits 
they provide. The Scoping Plan Scenario, as well as each of the alternative NWL 
scenarios, were informed by input from other agencies, the public, and the EJ Advisory 
Committee. Additional landscapes and land management activities will be added and 
evaluated in future Scoping Plan updates and in response to AB 1757. 


Each of the NWL scenarios have several similarities, including the following: 


• Prioritizing NWL management actions on forests, shrublands, grasslands, 
croplands, developed lands, wetlands, and sparsely vegetated lands. These 
actions can reduce GHG emissions from these lands, protect ecosystems against 
future climate change, protect communities, and enhance the ecosystem benefits 
they provide to nature and society. 


• Exploring the potential impacts of different levels of NWL management actions that 
are designed to achieve the objective associated with each scenario. 


• Analyzing the carbon impacts of land management actions, climate change, 
wildfire, and water use on California’s diverse natural and working lands 
through 2045. 


 
There are also differences across the four NWL scenarios. These include: 


• The level of NWL management actions taken on each landscape, such as varying 
the acres of healthy soils practices for croplands. 


• The types of NWL management actions taken on each landscape, such as 
prescribed burning or thinning for forests, grasslands, and shrublands. 


 


 


 
127 CNRA. 2022. Natural and Working Lands Climate Smart Strategy. https://resources.ca.gov/-
/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/CNRA-Report-2022---
Final_Accessible_Compressed.pdf.  



https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/CNRA-Report-2022---Final_Accessible_Compressed.pdf

https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/CNRA-Report-2022---Final_Accessible_Compressed.pdf

https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/CNRA-Report-2022---Final_Accessible_Compressed.pdf
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The summary below provides an overview of the alternatives designed and considered 
for the NWL sectors in this Scoping Plan. Full details of each scenario considered can be 
found in the Draft 2022 Scoping Plan Update. 


Scoping Plan Scenario (NWL Alternative 3 from the Draft): land management 
activities that prioritize restoration and enhancement of ecosystem functions to 
improve resilience to climate change impacts, including more stable carbon stocks 


NWL Alternative 1: land management activities that prioritize short term carbon 
stocks in our forests and through increased climate smart agricultural practices on 
croplands 


NWL Alternative 2: land management activities representative of California’s 
current commitments and plans 


NWL Alternative 4: land management activities that prioritize reducing 
catastrophic wildfires in forests, shrublands, and grasslands 


Evaluation of Scoping Plan Alternatives 


CARB staff solicited feedback from topical experts, affected stakeholders, and the 
EJ Advisory Committee, including a tribal representative, at public meetings to assemble 
input assumptions for four carbon neutrality scenarios to model using PATHWAYS. 
Revisions to the Draft Scoping Plan were informed by direction in statute, the Governor’s 
Executive Orders, public comments, and the recommendations of the EJ Advisory 
Committee. The three alternative scenarios were designed to explore the potential speed, 
magnitude, and impacts of transitioning California’s energy demand away from fossil 
fuels. The modeling assumptions listed below identify the primary fossil fuel alternative 
that is commercially available and technically feasible for widespread use by 2045 for 
each sector. CARB assumes that any energy demand that remains after the alternative 
technology or fuel is applied—such as on-road internal combustion engines, industrial 
processes, and gas use in existing buildings that have not yet decarbonized—will 
continue to be met by fossil fuels, resulting in residual GHG emissions.  


NWL Scoping Plan Alternatives 


For the NWL sectors, staff significantly expanded the scale of the scientific analysis for 
NWL from previous Scoping Plan efforts. CARB staff utilized modeling tools for this 
expanded analysis to assess both the carbon and other ecological, public health, and 
economic outcomes of management actions on forests, shrublands, grasslands, 
croplands, developed lands, wetlands, and sparsely vegetated lands. CARB staff aligned 
the scenarios with both the landscape types and actions identified in other efforts called 
for in Governor Newsom’s Executive Order N-82-20 (e.g., California’s Climate Smart 
Strategy and Pathways to 30x30). As part of this Scoping Plan, CARB staff modeled as 
many of the management actions identified in the Natural and Working Lands Climate 



https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
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Smart Strategy as were feasible. The management actions that were included in the 
model were selected because of the State of California’s previous work to quantify these 
actions’ impacts. It was not feasible to model every land management strategy for NWL, 
and so it is possible that larger volumes of sequestration (e.g., in soils or in oceans) could 
result from additional non-modeled activities. California’s Natural and Working Lands 
Climate Smart Strategy includes a more comprehensive listing of priority nature-based 
solutions and management actions. It is important to note that the absence of a particular 
management action or its climate benefit in the modeling is not an indication of its 
importance or potential contributions toward meeting the target or toward supporting the 
carbon neutrality target for California.  


Forests: Management strategies were modeled for forests: biological/chemical/ 
herbaceous treatments (e.g., herbicide application), clearcut, various timber harvests 
(e.g., variable retention, seed tree / shelterwood, selection harvesting), mastication, other 
mechanical treatments (e.g., piling of dead material, understory thinning), prescribed 
burning, and thinning. Avoided land conversion to another land use was also included in 
the modeling. Wildfire was modeled and is responsive to management strategies and 
climate conditions.  


Shrublands and chaparral: Management strategies were modeled for shrublands and 
chaparral: biological/chemical/herbaceous treatments, prescribed burning, mechanical 
treatment (e.g., mastication, crushing, mowing, piling), and avoided conversion from 
shrubland to another land use. Wildfire was modeled and is responsive to management 
strategies and climate conditions.  


Grasslands: Management strategies were modeled for grasslands: 
biological/chemical/herbaceous treatments, prescribed burning, and avoided land 
conversion from grasslands to another land use. Wildfire was modeled and is responsive 
to management strategies and climate conditions.  


Croplands: Management strategies were modeled for row crops: cover cropping, no till, 
reduced till, compost amendment, transition to organic128 farming, avoided conversion of 
annual crop agricultural land through easements, establishing riparian forest buffers, alley 
cropping, establishing windbreaks/shelterbelts, establishing tree and shrubs in croplands, 
and establishing hedgerows. For perennial crops, windbreaks/shelterbelts, hedgerows, 
conversion from annual crops to perennial crops, and avoided conversion to other land 
uses were modeled. 


 


 
128 Note: N2O reductions from decreases in synthetic fertilizer application in organic farming were not 
modeled. 
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Developed lands: Management strategies were modeled for developed lands: 
Increasing tree canopy cover through planting trees and improved management of 
existing trees, and removing vegetation surrounding structures in accordance with the 
CAL FIRE Defensible Space PRC 4291.  


Wetlands: Management strategies were modeled for wetlands: Restoring wetlands 
through submerging cultivated land in the Sacramento-San Joaquin Delta and avoided 
land conversion in the Sacramento-San Joaquin Delta.  


Sparsely vegetated lands: Management strategies were modeled for sparsely 
vegetated lands: Avoided conversion of sparsely vegetated lands to another land use. 
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Scoping Plan Scenario 


The Scoping Plan Scenario achieves GHG emission reductions that exceed the levels 
expected based on existing policies represented in the Reference Scenario, keeping 
California on track to achieve the SB 32 GHG reduction target for 2030 and become 
carbon neutral no later than 2045. Actions that reduce GHG emissions and transition AB 
32 GHG Inventory sources away from fossil fuel combustion affect each economic sector. 
Actions that lead to improved carbon stocks affect each landscape. 


AB 32 GHG Inventory Sectors 
The AB 32 GHG Inventory Sector Reference scenario is the forecasted statewide GHG 
emissions through mid-century, with existing policies and programs but without any 
further action to reduce GHGs beyond those needed to achieve the 2030 limit. The 
Reference Scenario was developed based on other projections of business-as-usual 
conditions. Sources of data and policies included are: 


• California Energy Demand Forecast129  
• The two transportation carbon neutrality studies required by AB 74130  
• The Mobile Source Strategy131  
• SB 100 60 percent Renewables Portfolio Standard 
• A Low Carbon Fuel Standard carbon intensity reduction target of 20 percent 


 
Policies that are under study or design, such the Advanced Clean Fleets regulation, are 
not included. The Reference Scenario reflects current trends and expected performance 
of policies identified in the 2017 Scoping Plan—some of which are performing better (such 
as the RPS and LCFS) and others that may not meet expectations (such as vehicle miles 
traveled [VMT] reductions and methane capture). Figure 2-1 provides the modeling 
results for a Reference Scenario for the AB 32 GHG Inventory sectors compared to the 
Scoping Plan Scenario.  


 


 
129 California Energy Commission (CEC). 2020. 2019 Integrated Energy Policy Report. 
https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report/2019-integrated-energy-
policy-report.  
130 Brown et al. 2021. Driving California’s Transportation Emissions. 
https://escholarship.org/uc/item/3np3p2t0 and Deschenes et al. 2021. Enhancing equity. 
https://zenodo.org/record/4707966#.Yl72RNrMKUn.  
131 CARB. 2021. 2020 Mobile Source Strategy. https://ww2.arb.ca.gov/sites/default/files/2021-
12/2020_Mobile_Source_Strategy.pdf.  



https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report/2019-integrated-energy-policy-report

https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report/2019-integrated-energy-policy-report

https://escholarship.org/uc/item/3np3p2t0

https://zenodo.org/record/4707966#.Yl72RNrMKUn

https://ww2.arb.ca.gov/sites/default/files/2021-12/2020_Mobile_Source_Strategy.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-12/2020_Mobile_Source_Strategy.pdf
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Figure 2-1: Reference and Scoping Plan Scenario GHG emissions132 


 
The Scoping Plan Scenario is summarized in Table 2-1. The table shows the types of 
technologies and energy needed to drastically reduce GHG emissions from the AB 32 
Inventory sectors. It also includes references to relevant statutes and Executive Orders, 
although it is not comprehensive of all existing new authorities for directing or supporting 
the actions described. Each action is expected to both reduce GHGs and help improve 
air quality, primarily by transitioning away from combustion of fossil fuels. The Scoping 
Plan Scenario achieves the AB 1279 target of 85 percent below 1990 levels by 2045 and 
identifies a need to accelerate the 2030 target to 48 percent below 1990 levels. 


  


 


 


132 The drop in emissions in 2045 reflects both the need to achieve an 85% reduction below 1990 levels in 
anthropogenic emissions per AB 1279 and Governor Newsom’s request for a 100 MMT CO2e carbon 
removal and capture target in 2045. This was modeled by extending CCS to electric sector emissions. 
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Table 2-1: Actions for the Scoping Plan Scenario: AB 32 GHG Inventory sectors 


Sector Action Statutes, Executive Orders, 
Other Direction, Outcome 


GHG Emissions 
Reductions 
Relative to the 
SB 32 Target133 


40% below 1990 levels by 2030 SB 32: Reduce statewide GHG 
emissions. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


Smart Growth / 
Vehicle Miles 
Traveled (VMT) 


VMT per capita reduced 25% 
below 2019 levels by 2030, and 
30% below 2019 levels by 2045 


SB 375: Reduce demand for 
fossil transportation fuels and 
GHGs, and improve air quality. 


In response to Board direction 
and EJ Advisory Committee 
recommendations 


Light-duty 
Vehicle (LDV) 
Zero Emission 
Vehicles (ZEVs) 


100% of LDV sales are ZEV by 
2035 


EO N-79-20: Reduce demand 
for fossil transportation fuels and 
GHGs, and improve air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


2035 target aligns with the 
EJ Advisory Committee 
recommendation. 


 


 
133 While the SB 32 GHG emissions reduction target is not an Action that is analyzed independently, it is 
included in this table for reference. 
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Sector Action Statutes, Executive Orders, 
Other Direction, Outcome 


Truck ZEVs 100% of medium-duty 
(MDV)/HDV sales are ZEV by 
2040 (AB 74 University of 
California Institute of 
Transportation Studies [ITS] 
report) 


EO N-79-20: Reduce demand 
for fossil transportation fuels and 
GHGs, and improve air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


Aviation 20% of aviation fuel demand is 
met by electricity (batteries) or 
hydrogen (fuel cells) in 2045. 


Sustainable aviation fuel meets 
most or the rest of the aviation 
fuel demand that has not 
already transitioned to 
hydrogen or batteries. 


Reduce demand for petroleum 
aviation fuel and reduce GHGs. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


In response to Governor 
Newsom’s July 2022 letter to 
CARB Chair Liane Randolph 


Ocean-going 
Vessels (OGV) 


2020 OGV At-Berth regulation 
fully implemented, with most 
OGVs utilizing shore power by 
2027. 


25% of OGVs utilize hydrogen 
fuel cell electric technology by 
2045. 


Reduce demand for petroleum 
fuels and GHGs, and improve 
air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


Port Operations 100% of cargo handling 
equipment is zero-emission by 
2037. 


100% of drayage trucks are 
zero emission by 2035. 


Executive Order N-79-20:  


Reduce demand for petroleum 
fuels and GHGs, and improve 
air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 
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Sector Action Statutes, Executive Orders, 
Other Direction, Outcome 


Freight and 
Passenger Rail 


100% of passenger and other 
locomotive sales are ZEV by 
2030. 


100% of line haul locomotive 
sales are ZEV by 2035. 


Line haul and passenger rail 
rely primarily on hydrogen fuel 
cell technology, and others 
primarily utilize electricity. 


Reduce demand for petroleum 
fuels and GHGs, and improve 
air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


Oil and Gas 
Extraction 


Reduce oil and gas extraction 
operations in line with 
petroleum demand by 2045. 


Reduce GHGs and improve air 
quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


Petroleum 
Refining 


CCS on majority of operations 
by 2030, beginning in 2028 


Production reduced in line with 
petroleum demand. 


Reduce GHGs and improve air 
quality. 
 
AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 
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Sector Action Statutes, Executive Orders, 
Other Direction, Outcome 


Electricity 
Generation 


Sector GHG target of 38 million 
metric tons of carbon dioxide 
equivalent (MMTCO2e) in 2030 
and 30 MMTCO2e in 2035  


Retail sales load coverage134 


20 gigawatts (GW) of offshore 
wind by 2045 


Meet increased demand for 
electrification without new fossil 
gas-fired resources. 


SB 350 and SB 100: Reduce 
GHGs and improve air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


In response to Governor 
Newsom’s July 2022 letter, 
Board direction, and EJ Advisory 
Committee recommendation 


New Residential 
and Commercial 
Buildings 


All electric appliances 
beginning 2026 (residential) 
and 2029 (commercial), 
contributing to 6 million heat 
pumps installed statewide by 
2030 


Reduce demand for fossil gas 
and GHGs, and improve 
ambient and indoor air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


In response to Governor 
Newsom’s July 2022 letter 


 


 
134 SB 100 speaks only to retail sales and state agency procurement of electricity. The 2021 SB 100 Joint 
Agency Report reflects the agency authors’ understanding that other loads—wholesale or non-retail sales 
and losses from storage and transmission and distribution lines—are not subject to the law. 
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Sector Action Statutes, Executive Orders, 
Other Direction, Outcome 


Existing 
Residential 
Buildings 


80% of appliance sales are 
electric by 2030 and 100% of 
appliance sales are electric by 
2035. 


Appliances are replaced at end 
of life such that by 2030 there 
are 3 million all-electric and 
electric-ready homes—and by 
2035, 7 million homes—as well 
as contributing to 6 million heat 
pumps installed statewide by 
2030. 


Reduce demand for fossil gas 
and GHGs, and improve 
ambient and indoor air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


In response to Governor 
Newsom’s July 2022 letter 


Existing 
Commercial 
Buildings 


80% of appliance sales are 
electric by 2030, and 100% of 
appliance sales are electric by 
2045. 


Appliances are replaced at end 
of life, contributing to 6 million 
heat pumps installed statewide 
by 2030. 


Reduce demand for fossil gas 
and GHGs, and improve 
ambient and indoor air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


In response to Governor 
Newsom’s July 2022 letter 


Food Products 7.5% of energy demand 
electrified directly and/or 
indirectly by 2030; 75% by 2045 


Reduce demand for fossil gas 
and GHGs, and improve air 
quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 
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Sector Action Statutes, Executive Orders, 
Other Direction, Outcome 


Construction 
Equipment 


25% of energy demand 
electrified by 2030 and 75% 
electrified by 2045 


Reduce demand for fossil 
energy and GHGs, and improve 
air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


Chemicals and 
Allied Products; 
Pulp and Paper 


Electrify 0% of boilers by 2030 
and 100% of boilers by 2045. 


Hydrogen for 25% of process 
heat by 2035 and 100% by 
2045 


Electrify 100% of other energy 
demand by 2045. 


Reduce demand for fossil 
energy and GHGs, and improve 
air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


Stone, Clay, 
Glass, and 
Cement 


CCS on 40% of operations by 
2035 and on all facilities by 
2045 


Process emissions reduced 
through alternative materials 
and CCS 


SB 596: Reduce demand for 
fossil energy, process 
emissions, and GHGs, and 
improve air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


Other Industrial 
Manufacturing 


0% energy demand electrified 
by 2030 and 50% by 2045 


Reduce demand for fossil 
energy and GHGs, and improve 
air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 
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Sector Action Statutes, Executive Orders, 
Other Direction, Outcome 


Combined Heat 
and Power 


Facilities retire by 2040. Reduce demand for fossil 
energy and GHGs, and improve 
air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


Agriculture 
Energy Use 


25% energy demand electrified 
by 2030 and 75% by 2045 


Reduce demand for fossil 
energy and GHGs, and improve 
air quality. 


AB 197: direct emissions 
reductions 


Low Carbon 
Fuels for 
Transportation 


Biomass supply is used to 
produce conventional and 
advanced biofuels, as well as 
hydrogen. 


Reduce demand for petroleum 
fuel and GHGs, and improve air 
quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


Low Carbon 
Fuels for 
Buildings and 
Industry 


In 2030s biomethane135 
blended in pipeline 


Renewable hydrogen blended 
in fossil gas pipeline at 7% 
energy (~20% by volume), 
ramping up between 2030 and 
2040 


In 2030s, dedicated hydrogen 
pipelines constructed to serve 
certain industrial clusters 


Reduce demand for fossil 
energy and GHGs, and improve 
air quality. 


AB 197: direct emissions 
reductions for sources covered 
by the AB 32 Inventory 


 


 
135 Biomethane is also known as renewable natural gas (RNG). 
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Sector Action Statutes, Executive Orders, 
Other Direction, Outcome 


Non-combustion 
Methane 
Emissions 


Increase landfill and dairy 
digester methane capture. 


Some alternative manure 
management deployed for 
smaller dairies 


Moderate adoption of enteric 
strategies by 2030 


Divert 75% of organic waste 
from landfills by 2025. 


Oil and gas fugitive methane 
emissions reduced 50% by 
2030 and further reductions as 
infrastructure components retire 
in line with reduced fossil gas 
demand 


SB 1383: Reduce short-lived 
climate pollutants.  


High GWP 
Potential 
Emissions 


Low GWP refrigerants 
introduced as building 
electrification increases, 
mitigating HFC emissions 


SB 1383: Reduce short-lived 
climate pollutants. 


 


Natural and Working Lands 
The Reference Scenario for NWL represents the amount of land management that 
occurred between 2001 and 2014, and projects the outcomes from maintaining the 2001–
2014 levels of land management until 2045. The management and land use practices 
that occur within the Reference Scenario were derived from empirical data used by staff. 
For forests, shrublands/chaparral, and grasslands, the Reference Scenario constitutes 
approximately 250,000 acres of annual statewide treatments. For croplands, the 
Reference Scenario represents no healthy soil practices because during this period the 
healthy soil program did not yet exist. For land use change within all land types that 
consider land use change, historical rates of land conversion from 2001–2014 also were 
taken from empirical data and modeled into the future for the Reference Scenario. 
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Table 2-2 summarizes the Scoping Plan Scenario. The table also includes references to 
relevant statutes and Executive Orders where available. 


Table 2-2: Actions for the Scoping Plan Scenario: NWL sectors 


Sector Action Statutes, Executive 
Orders, Outcome 


Natural 
and 
Working 
Lands 


Conserve 30% of the state’s NWL and 
coastal waters by 2030. 


Implement near- and long-term actions to 
accelerate natural removal of carbon and 
build climate resilience in our forests, 
wetlands, urban greenspaces, agricultural 
soils, and land conservation activities in ways 
that serve all communities—and in particular 
low-income, disadvantaged, and vulnerable 
communities. 


EO N-82-20 and SB 27: 
CARB to include an NWL 
target in the Scoping Plan.  


AB 1757: Establish targets 
for carbon sequestration 
and nature-based climate 
solutions. 


SB 1386: NWL are an 
important strategy in 
meeting GHG reduction 
goals. 







81 


 


Sector Action Statutes, Executive 
Orders, Outcome 


Forests 
and 
Shrublands 


At least 2.3 million acres136 treated statewide 
annually in forests, shrublands/chaparral, 
and grasslands, comprised of regionally 
specific management strategies that include 
prescribed fire, thinning, harvesting, and 
other management actions. No land 
conversion of forests, shrublands/chaparral, 
or grasslands. 


Restore health and 
resilience to overstocked 
forests and prevent 
carbon losses from severe 
wildfire, disease, and 
pests. Improve air quality 
and reduce health costs 
related to wildfire 
emissions. Improve water 
quantity and quality and 
improve rural economies. 
Provide forest biomass for 
resource utilization. 


EO B-52-18: CARB to 
increase the opportunity 
for using prescribed fire. 


AB 1504 (Skinner, 
Chapter 534, Statutes of 
2010): CARB to recognize 
the role forests play in 
carbon sequestration and 
climate mitigation. 


 


 


136 The 2.3 million acre target is what the Scoping Plan modeling shows would be needed to realize the 
carbon stock target called for in this Scoping Plan by 2045. 
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Sector Action Statutes, Executive 
Orders, Outcome 


Grasslands At least 2.3 million acres137 treated includes 
increased management of grasslands 
interspersed in forests to reduce fuels 
surrounding communities using management 
strategies appropriate for grasslands. No 
land conversion of forests, 
shrublands/chaparral, or grasslands. 


Help to achieve climate 
targets, improve air 
quality, and reduce health 
costs. 


Croplands Implement climate smart practices for annual 
and perennial crops on ~80,000 acres 
annually. Land easements/ conservation on 
annual crops at ~5,500 acres annually. 
Increase organic agriculture to 20% of all 
cultivated acres by 2045 (~65,000 acres 
annually). 


Reduce short-lived climate 
pollutants. Increase soil 
water holding capacity. 
Increase organic farming 
and reduce pesticide use.  


 SB 859: Recognizes the 
ability of healthy soils 
practices to reduce GHG 
emissions from agricultural 
lands. 


Target increased in 
response to Governor 
Newsom’s direction to 
prioritize sustainable land 
management. 


 


 


137 The 2.3 million acre target is what the Scoping Plan modeling shows would be needed to realize the 
carbon stock target called for in this Scoping Plan by 2045. 
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Sector Action Statutes, Executive 
Orders, Outcome 


Developed 
Lands 


Increase urban forestry investment by 200% 
above current levels and utilize tree watering 
that is 30% less sensitive to drought. 
Establish defensible space that accounts for 
property boundaries. 


Increase urban tree 
canopy and shade cover. 
Reduce heat island effects 
and support water 
infrastructure. Reduce fire 
risk via defensible space. 


AB 2251 (Calderon, 
Chapter 186, Statutes of 
2022): Increase urban tree 
canopy 10% by 2035. 


Target increased in 
response to AB 2251 and 
Governor Newsom’s 
direction on CO2 removal 
targets in his July 2022 
letter. 


Wetlands Restore 60,000 acres of Delta wetlands. Increase carbon 
sequestration and reduce 
short-lived climate 
pollutants. Helps to 
reverse land subsidence 
while improving flood 
protection and providing 
critical habitat. 


Sparsely 
Vegetated 
Lands 


Land conversion at 50% of the Reference 
Scenario land conversion rate. 


Reduce the rate of land 
conversion to more GHG-
intensive land uses. 


 


 


Strategies for Carbon Removal and Sequestration 
To achieve carbon neutrality, any remaining emissions must be compensated for using 
carbon removal and sequestration tools. The following discussion presents more detail 
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on the options available to capture and sequester carbon. Carbon removal and 
sequestration will be an essential tool to achieve carbon neutrality, and the modeling 
clearly shows there is no path to carbon neutrality without carbon removal and 
sequestration. Governor Newsom also recognized the importance of CO2 removal 
strategies and directed CARB to establish CO2 removal and carbon capture targets of 20 
MMTCO2 and 100 MMTCO2 by 2030 and 2045, respectively, as well as signing 2022 
legislation on carbon removal and sequestration, including: AB 1279, SB 905, SB 1137, 
and AB 1757. Carbon removal and sequestration can take different forms. Figure 2-2 
illustrates the types of carbon removal and sequestration included in this Scoping Plan. 
There are numerous other carbon removal options undergoing research, development, 
and pilot deployment. As these options mature and new approaches emerge, they can 
be considered in future Scoping Plan updates. 


Figure 2-2: Forms of carbon removal and sequestration considered in this Scoping 
Plan 


 


The Role of Carbon Capture and Sequestration 
Carbon capture and sequestration (CCS) will be a necessary tool to reduce GHG 
emissions and mitigate climate change while minimizing leakage and minimizing 
emissions where no technological alternatives may exist. CCS is a process by which large 
amounts of CO2 are captured, compressed, transported, and sequestered. CCS projects 
are paired with a source of emissions, as the CCS project captures CO2 as it leaves a 
facility’s smokestack. CCS projects are often paired with large GHG-emitting facilities 
such as energy, manufacturing, or fuel production facilities. The sequestration component 
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of CCS includes CO2 injection into geologic formations (such as depleted oil and gas 
reservoirs and saline formations), as well as use in industrial materials (e.g., concrete). 
CCS is distinct from biological sequestration, which is typically accomplished through 
NWL management and conservation practices that enhance the storage of carbon or 
reduce CO2 emissions with nature-based approaches. CCS is also distinct from 
mechanical CO2 removal technologies, where CO2 is removed directly from the 
atmosphere using mechanical and/or chemical processes. 


CARB adopted a CCS Protocol in 2018 as part of amendments to the Low Carbon Fuel 
Standard.138 At this time, no CCS projects have been implemented or have generated 
any credits under that protocol. However, CCS projects have been implemented 
elsewhere since the 1970s, largely on coal-fired power plants, with over two dozen 
projects operational around the world. Over 100 are at the stages of advanced or early 
development and are expanding beyond coal-fired plants to fossil gas, fuel production, 
and electricity generation facilities.139 CCS projects are in development for addressing 
emissions from fuel, gas, energy production, and chemical production. As of November 
2019, more than half of global large-scale CCS facilities (representing approximately 
22 MMTCO2/yr in capacity140) were in the U.S., mostly as a result of sustained 
governmental support for these technologies.141 This support includes the federal 45Q 
tax credit for CCS142,143 and research and deployment grants from federal agencies.144, 145 


California’s deep sedimentary rock formations in the Central Valley represent world-class 


 


 
138 CARB. 2022. Carbon Capture & Sequestration. https://ww2.arb.ca.gov/our-work/programs/carbon-
capture-sequestration.  
139 Global CCS Institute. 2021. Global Status of CCS 2021. https://www.globalccsinstitute.com/wp-
content/uploads/2021/11/Global-Status-of-CCS-2021-Global-CCS-Institute-1121.pdf. 
140 IHS Markit. August 2021. Carbon Removal Potential: An Overview. 
https://ww2.arb.ca.gov/sites/default/files/2021-
08/ihsmarkit_presentation_sp_engineeredcarbonremoval_august2021.pdf. 
141 Beck, Lee. 2019. Carbon capture and storage in the USA: The role of US innovation leadership in 
climate-technology commercialization. https://academic.oup.com/ce/article/4/1/2/5686277.  
142 Congressional Research Service. 2021. Carbon Storage Requirements in the 45Q Tax Credit. 
IF11639. https://crsreports.congress.gov/product/pdf/IF/IF11639.  
143 The Inflation Reduction Act of August 2022 expands and enhances the 45 Q tax credit for CCS. Pub.L. 
No. 117-169 (August 16, 2022). 
144 U.S. Department of Energy. 2020. U.S. Department of Energy Announces $131 Million for CCUS 
Technologies. https://www.energy.gov/articles/us-department-energy-announces-131-million-ccus-
technologies.  
145 U.S. Department of Energy. 2021. Funding Opportunity Announcement 2515, Carbon Capture R&D for 
Natural Gas and Industrial Point Sources, and Front-End Engineering Design Studies for Carbon Capture 
Systems at Industrial Facilities and Natural Gas Plants. https://www.energy.gov/fecm/articles/funding-
opportunity-announcement-2515-carbon-capture-rd-natural-gas-and-industrial.  



https://ww2.arb.ca.gov/our-work/programs/carbon-capture-sequestration

https://ww2.arb.ca.gov/our-work/programs/carbon-capture-sequestration

https://www.globalccsinstitute.com/wp-content/uploads/2021/11/Global-Status-of-CCS-2021-Global-CCS-Institute-1121.pdf

https://www.globalccsinstitute.com/wp-content/uploads/2021/11/Global-Status-of-CCS-2021-Global-CCS-Institute-1121.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-08/ihsmarkit_presentation_sp_engineeredcarbonremoval_august2021.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-08/ihsmarkit_presentation_sp_engineeredcarbonremoval_august2021.pdf

https://academic.oup.com/ce/article/4/1/2/5686277

https://crsreports.congress.gov/product/pdf/IF/IF11639

https://www.energy.gov/articles/us-department-energy-announces-131-million-ccus-technologies

https://www.energy.gov/articles/us-department-energy-announces-131-million-ccus-technologies

https://www.energy.gov/fecm/articles/funding-opportunity-announcement-2515-carbon-capture-rd-natural-gas-and-industrial

https://www.energy.gov/fecm/articles/funding-opportunity-announcement-2515-carbon-capture-rd-natural-gas-and-industrial
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CO2 storage sites that would meet the highest standards, with storage capacities of at 
least 17 billion tons of CO2.146,147  


In this Scoping Plan, CCS is included to address emissions from limited sectors, including 
electricity generation, cement production facilities, and refineries, to ensure 
anthropogenic emissions are reduced by at least 85 percent below 1990 levels in 2045, 
as directed in AB 1279. While the modeling outputs show CCS not being applied to the 
electricity sector until 2045, CCS could be implemented earlier on the electricity sector 
with a similar ramp up over time as that for refineries and cement plants. An earlier 
application of CCS in the electricity sector would yield additional reductions in years prior 
to 2045. In addition, CCS can support hydrogen production until such time as there is 
sufficient renewable power for electrolysis and an abundant water source. 


Cement plants have emissions associated with combustion and process-related 
activities. Combustion emissions account for approximately 40 percent of the total 
emissions at cement plants. The remaining emissions are related to process-related 
activities. Due to the high heat content needed to produce cement, there is currently no 
technically feasible alternative to combustion. SB 596 calls for a 40 percent reduction in 
GHG intensity in cement emissions from 2019 levels by 2035, and then net zero 
emissions by 2045. To meet in-state demand, the state relies on cement both produced 
in state and imported. There are seven cement plants operating in California.148 To 
minimize emissions leakage and address emissions from cement plants, the Scoping 
Plan Scenario includes CCS for cement plants. Additional reductions will need to be 
pursued and considered as part of implementation of SB 596, which calls for CARB to 
develop a comprehensive strategy by July 1, 2023, for the state’s cement sector to 
achieve net-zero emissions of GHGs associated with cement used within the state as 
soon as possible, but no later than December 31, 2045. This effort began in the summer 
of 2022 and included sector specific workshops.  


Even with implementation of EO N-79-20, and despite all of the ambitious efforts in the 
Scoping Plan Scenario, there will remain some demand for petroleum fuels for legacy 
vehicles on road applications, and in aviation, rail, and marine applications. Petroleum 
refineries will need to implement technology to decarbonize their operations and reduce 
their emissions. This Scoping Plan also assumes CCS at petroleum refineries as one of 
those potential strategies. Currently, there are seventeen petroleum refineries operating 


 


 
146 For comparison purposes, California’s emitted 418.2 million metric tons of CO2e in 2019. 
147 Lawrence Livermore National Laboratory. 2020. Getting to Neutral: Options for Negative Carbon 
Emissions in California. Revision 1. https://www-
gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf.  
148 CARB. Mandatory GHG Reporting – Reported Emissions. https://ww2.arb.ca.gov/mrr-data 



https://www-gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf

https://www-gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf

https://ww2.arb.ca.gov/mrr-data
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in the state.149 On the supply side, the modeling assumes all in-state demand is met 
through some very limited refining activities in California. Figure 2-3 shows the emissions 
from the refining sector with and without CCS. If CCS is not deployed, the emissions 
would be directly emitted into the atmosphere, and CO2 removal by NWL or direct air 
capture would need to increase to compensate for the sector’s emissions.  


Refineries can have a variety of point sources that emit CO2—such as steam methane 
reformers for producing hydrogen, combined heat and power units, and catalytic 
crackers—that are best suited for CCS. Each configuration of a refinery can be unique to 
its footprint, onsite operations, and the types of crude oils processed. There are newer 
technologies with smaller footprints150 that can be deployed in modular configurations to 
capture CO2 in space-constrained and multiple-point-source facilities such as refineries. 
CCS can provide a path to reducing GHG emissions from these facilities to meet 
petroleum demand while avoiding leakage and until such time as some refineries can be 
transitioned to produce clean energy to support the transition away from fossil fuels.  


While the Scoping Plan modeled deployment of CCS on refineries and identifies 
significant emissions reductions that can be achieved, the refineries in California are large 
and complex. The actual deployment of CCS at these facilities as modeled in the Scoping 
Plan is uncertain. It will be important to closely monitor the evolution of CCS deployment 
in the refinery sector and, in the next Scoping Plan update, to evaluate the progress 
toward use in this sector to determine whether the projected reductions will be achieved. 


 


 
149 CARB. Mandatory GHG Reporting. https://ww2.arb.ca.gov/mrr-data. 
150 Carbon Clean. Modular Carbon Capture Systems for Industry. https://www.carbonclean.com/modular-
systems?hsLang=en. 



https://ww2.arb.ca.gov/mrr-data

https://www.carbonclean.com/modular-systems?hsLang=en

https://www.carbonclean.com/modular-systems?hsLang=en
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Figure 2-3: Petroleum refining emissions with and without carbon capture and 
sequestration 


 
This Scoping Plan also calls for accelerating the transition from combustion of fossil fuels 
to hydrogen. Hydrogen can be produced through electrolysis with renewable electricity or 
through steam methane reformation of biomethane. There is a high degree of uncertainty 
around the availability of solar to support both electrification of existing sectors and the 
production of hydrogen through electrolysis. Producing hydrogen required under the 
Scoping Plan Scenario with electrolysis would require about 10 gigawatts (GW)151 of 
additional solar capacity. If steam methane reformation is paired with CCS, the hydrogen 
produced could potentially be low carbon. Additionally, the biomethane used to generate 
hydrogen could be sourced from gasification of forest or agricultural waste resulting from 
forest management and other NWL management practices, which could also lead to net 
negative carbon outcomes. Steam methane reformation paired with CCS can thus ensure 
a rapid transition to hydrogen and increase hydrogen availability until such time as 


 


 
151 The Draft Scoping Plan included an estimate for solar capacity (40 GW) to support only electrolysis to 
produce all hydrogen in the Proposed Scenario. The Scoping Plan now includes steam methane 
reformation of biomethane and biomass gasification with CCS to produce hydrogen, along with 
electrolysis from off-grid solar. See Appendix H (AB 32 GHG Inventory Sector Modeling) for additional 
details. 


0


5


10


15


20


25


30


35


2021 2024 2027 2030 2033 2036 2039 2042 2045


G
H


G
 E


m
is


si
on


s 
(M


M
T 


C
O


2e
)


Reference Scenario
Scoping Plan Scenario
Scoping Plan Scenario (no CCS)







89 


 


electrolysis with renewables can meet the ongoing need, assuming there is also sufficient 
water supply. Additional background and next steps for CCS can be found in Chapter 4. 


The EJ Advisory Committee has raised multiple concerns related to the inclusion of CCS 
and mechanical CDR in the Scoping Plan. Concerns range from potential negative health 
and air quality impacts in communities from operation of facilities utilizing CCS that 
continue to emit other emissions, to safety concerns related to potential leaks, to the 
viability of the current technology. Additionally, the EJ Advisory Committee has policy 
concerns about the strategy and wants to ensure that engineered carbon removal is not 
used as a substitute for strategies to achieve emissions reductions onsite and that it does 
not result in delays in phasing out fossil fuel use. Given these and other concerns and the 
importance of building public awareness, CARB recognizes the need for a multi-
stakeholder process including other state, federal, and local agencies; tribes; independent 
experts; and community residents to further understand and address community 
concerns related to CCS. CARB hosted a CCS Symposium with U.S. EPA Region 9 and 
the Stanford Doerr School of Sustainability to discuss some of these critical issues with 
community members and other participants. As CARB begins the process of 
implementing SB 905 in 2023, that will provide an opportunity for further engagement. 


In the context of CCS deployment, the Council of Environmental Quality (CEQ) also 
highlighted the need to further assess and quantify potential impacts on local criteria air 
pollutants and other emissions resulting from carbon capture retrofits at industrial facilities 
in response to concerns regarding potential cumulative emissions from single and/or 
multiple sources.152 An October 2020 Stanford report153 discussed how the potential post-
combustion capture for CO2 could also reduce emissions of criteria air pollutant emissions 
from certain facilities. Exploring these potential outcomes will be important to ensure 
deployment of CCS does not exacerbate air pollution impacts in communities and 
maximizes any air pollution benefits. The need for these types of evaluations is also 
included in SB 905. 


The Role of Natural and Working Lands Emissions and 
Sequestration 
California’s NWL assessments highlight the importance of increasing the pace and scale 
of NWL actions to ensure that our ecosystems are better equipped to withstand future 
climate change so they continue to provide the benefits that nature and society depend 


 


 
152 Carbon Capture, Utilization, and Sequestration Guidance. 87 Fed. Reg. 8808 (Feb. 16, 2022), 2022-
03205.pdf (govinfo.gov). 
153 Stanford Center for Carbon Storage. 2020. An Action Plan for Carbon Capture and Storage in California: 
Opportunities, Challenges, and Solutions. October. https://sccs.stanford.edu/ccs-in-ca/full-report-
form?msclkid=6f9177f6c57811ecbebc473e75203b21. 



https://www.govinfo.gov/content/pkg/FR-2022-02-16/pdf/2022-03205.pdf

https://www.govinfo.gov/content/pkg/FR-2022-02-16/pdf/2022-03205.pdf

https://sccs.stanford.edu/ccs-in-ca/full-report-form?msclkid=6f9177f6c57811ecbebc473e75203b21
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upon for survival. As climate change increases the likelihood of extreme wildfires, 
drought, heat, and other impacts, carbon stocks in California’s NWL will face increased 
risks and impacts. We know from previous climate change and Scoping Plan work154 that 
lands can be a net source of GHG emissions or a net sink, and that the magnitude of 
carbon stock changes and GHG emissions and sequestration from NWL are dependent 
on the effects of climate change and land management. The expanded modeling 
conducted for this Scoping Plan shows that NWL are projected to be a net source of 
emissions through 2045 and indicates a probable decrease of carbon stocks into the 
future. This projection is further corroborated by previous, independent research that has 
reached the same conclusion, showing a range of varying levels of carbon stock loss. 
Figure 2-4 shows the modeling results of the Scoping Plan Scenario overlaid with the 
NWL inventory and findings from independent research. 


Figure 2-4: Comparison of the Scoping Plan Scenario (NWL) with existing research 


 
The modeling indicates that immediate and aggressive climate action can reduce the 
environmental impacts that would occur in the absence of this action. The results of the 
modeling demonstrate that regular NWL management over the next two decades can 


 


 
154 CARB. 2019. January 2019. Draft California 2030 Natural and Working Lands Climate Change 
Implementation Plan. https://ww2.arb.ca.gov/sites/default/files/2020-10/draft-nwl-ip-040419.pdf. 
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increase carbon stocks from the Reference Scenario trajectory, reduce GHG emissions 
from lands, and improve ecosystem and public health. This effort is the most 
comprehensive scientific effort taken by any government to include NWL within its overall 
climate strategy. Even so, we know that uncertainty exists about future climate and 
economic forces and the impacts they may have on our ecosystems, so it is important 
that the state take decisive and aggressive action to improve and diversify ecosystem 
structures and management. 


The effects of climate change, including increased drought, wildfire, and extreme heat, 
play a significant role in determining the future of California’s carbon stocks. And while 
management actions will help to reduce the impact that climate change will have on 
California, it is clear from the analysis that NWL sinks and sources are highly variable 
from year to year, and short time frames do not adequately demonstrate the impact that 
climate and management are having on ecosystems. For the purposes of climate 
planning, therefore, it is best to focus on carbon stock changes over longer periods rather 
than focusing on sequestration or emissions on shorter time frames. The Scoping Plan 
Scenario is estimated to result in additional NWL emissions of 7 million metric tons of 
carbon dioxide equivalent (MMTCO2e) annually from 2025–2045. The Reference 
Scenario is estimated to result in annual emissions of 9 MMTCO2e over the same time 
period, and so the Scoping Plan Scenario slows the rate of emissions and provides an 
approximate 2 MMTCO2e in additional annual sequestration relative to the Reference 
Scenario. Because NWL are projected to be a net emissions source, the annual NWL 
emissions of approximately 7 MMTCO2e from the Scoping Plan Scenario will need to be 
compensated by additional CO2 removal approaches to ensure California can achieve 
carbon neutrality by 2045. 


The Role for Carbon Dioxide Removal (Direct Air Capture) 
Even if anthropogenic emissions are reduced to at least 85 percent below 1990 levels by 
2045 as called for by AB 1279, there will still be residual emissions in the AB 32 GHG 
Inventory sectors in 2045 that must be addressed in order to achieve the California’s 
carbon neutrality target. Figure 2-5 includes the emissions by sector for the AB 32 GHG 
Inventory Sectors in 2022, 2030, and 2045 for the Scoping Plan Scenario. 
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Figure 2-5: Residual emissions in 2022, 2030, and 2045 for the Scoping Plan 
Scenario155 


 
To achieve carbon neutrality, mechanical CDR will therefore need to be deployed. 
Because NWL management is not estimated to be a significant carbon removal path in 
the near term, additional CDR options will be needed. Mechanical CDR refers to a range 
of technologies that capture and concentrate ambient CO2. Direct air capture (DAC) is 
one available option that is under development today and could be widely deployed. Note 
that, unlike CCS, DAC technologies are not designed to be attached to a specific source 
or smokestack. These technologies include chemical scrubbing processes that capture 
CO2 through absorption or adsorption separation processes. Another carbon removal 


 


 
155 The High GWP sector includes high global warming potential gas emissions from releases of ozone 
depleting substance (ODS) substitutes, SF6 emissions from the electricity transmission and distribution 
system, and gases that are emitted in the semiconductor manufacturing process. ODS substitutes, which 
are primarily hydrofluorocarbons (HFCs), are used in refrigeration and air conditioning equipment, solvent 
cleaning, foam production, fire retardants, and aerosols. 
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option that involves rapid mineralization of CO2 at the Earth’s surface is called mineral 
carbonation.156 As is the case with CCS, mechanical CDR technologies will need 
governmental or other incentive support to overcome technology and market barriers. In 
the United States, the U.S. Department of Energy announced financing specifically for 
DAC in March 2020157 and March 2021.158 Additionally, almost $9 billion 
in CCS support was included in the $ 1 trillion Infrastructure Investment and Jobs Act of 
2021.159 This includes funding to establish four DAC hubs. The Inflation Reduction Act of 
2022160 increases the value of the 45Q tax credit to USD 85 per metric ton of 
CO2 captured and stored in geologic formations from some industrial applications and 
USD 180 per metric ton for DAC with storage in geologic formations. In 2021, there were 
approximately 19 DAC facilities globally.161 


Ultimately, the role for mechanical CDR will depend on the success of reducing emissions 
directly at the source in the AB 32 GHG Inventory sectors and the ability of the NWL to 
sequester carbon. However, mechanical CDR also provides an opportunity to not just 
achieve carbon neutrality, but also remove legacy GHG emissions from the atmosphere. 
As such, increased deployment of DAC can help achieve net negative emissions. This 
would further help avoid the most damaging impacts of climate change. While the federal 
incentives for DAC provide some support for this technology, the only California program 
that recognizes this technology is the LCFS program. Permitting must also happen across 
different levels of government and across multiple state agencies. Energy availability 
must also be addressed if DAC is to be implemented in remote areas. Additional 
information and next steps on DAC can be found in Chapter 4. 


 


 
156 The National Academies Press. 2018. Direct Air Capture and Mineral Carbonation Approaches for 
Carbon Dioxide Removal and Reliable Sequestration: Proceedings of a Workshop–in Brief. 
https://nap.nationalacademies.org/catalog/25132/direct-air-capture-and-mineral-carbonation-approaches-
for-carbon-dioxide-removal-and-reliable-
sequestration#:~:text=National%20Academies%20of%20Sciences%2C%20Engineering%2C%20and%20
Medicine%3B%20Division,concentrate%20carbon%20dioxide%20%28CO%202%29%20from%20ambien
t%20air. 
157 U.S. Department of Energy. 2020. Department of Energy to Provide $22 Million for Research on 
Capturing Carbon Dioxide from Air. https://www.energy.gov/articles/department-energy-provide-22-
million-research-capturing-carbon-dioxide-air.  
158 U.S. Department of Energy. 2021. DOE Invests $24 Million to Advance Transformational Air Pollution 
Capture. https://www.energy.gov/articles/doe-invests-24-million-advance-transformational-air-pollution-
capture.  
159 Pub.L. No. 117-58 (November 15, 2021). https://www.congress.gov/bill/117th-congress/house-
bill/3684/text. 
160 Pub.L. No. 117-169 (August 16, 2022). https://www.congress.gov/bill/117th-congress/house-
bill/5376/text.  
161 International Energy Agency (IEA). 2022. Direct Air Capture – Analysis. 
https://www.iea.org/reports/direct-air-capture.  
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Carbon Dioxide Removal and Capture Targets for 2030 and 2045 


Recognizing the importance of CO2 removal, Governor Newsom and the Legislature 
identified the need for targets to send policy and regulatory signals to pilot, deploy, and 
scale action for those efforts. Governor Newsom requested that CARB set a CO2 removal 
and capture target of 20 MMT for 2030 and 100 MMT for 2045, first prioritizing 
sequestration in NWL. And while this Scoping Plan prioritizes and recommends significant 
increased climate-smart action on all NWL to support carbon neutrality and healthy and 
resilient lands, the modeling indicates that, across all NWL, lands will be a net source of 
emissions when accounting for both carbon sequestration and GHG (CO2, CH4, and N2O) 
emissions from lands.  


Some landscapes, however, are projected to have a net increase in carbon stocks under 
the Scoping Plan Scenario between 2025 and 2045 relative to the reference case, 
indicating that NWL actions can help California achieve Governor Newsom’s CO2 removal 
targets. Carbon stocks in urban forests and grasslands are projected to increase relative 
to historical levels from implementation of the 2022 Scoping Plan. To support the 
governor’s CO2 removal targets, CARB estimates that lands would contribute an average 
of 1.5 MMT of CO2 removals each year between 2025 and 2045. Any carbon 
sequestration contributions from lands need to reflect both long-term storage and an 
overall net increase in carbon stocks over time to ensure these NWL actions are 
contributing toward California’s achievement and maintenance of carbon neutrality over 
time.  


CARB will work to update and revise these estimates as part of implementation of 
AB 1757, which was signed by the governor in September 2022 and requires that CARB 
and the California Natural Resources Agency (CNRA) work with an expert advisory 
committee to determine an ambitious range of carbon sequestration targets by January 
1, 2024, for the years 2030, 2038, and 2045. 


For the AB 32 GHG Inventory sectors, the Scoping Plan Scenario modeling indicates that 
the scenario would meet or exceed the 2030 SB 32 target through GHG reduction policies 
without the need for CDR. CDR will, however, be necessary to increase ambition for an 
accelerated 2030 target and in increasing amounts over the following decades to achieve 
carbon neutrality by 2045.162 Given the likelihood of NWL to be a net source of emissions, 
and the need for CDR to compensate for residual emissions to achieve carbon neutrality 


 


 
162 The modeled scenarios assume that residual emissions will be compensated using DAC technologies 
by including the direct cost in terms of dollars per ton CO2 removed. The energy source for DAC is not 
modeled, but renewable electricity and/or hydrogen produced from electrolysis are zero carbon options 
consistent with the carbon neutrality targets in this Scoping Plan. 
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by 2045, California will need increasing deployment of mechanical CDR over the coming 
decades. In the immediate future, scaling nature-based CDR approaches also can help 
to provide some CO2 removal quickly while mechanical CDR is scaled up between now 
and 2045. Table 2-3 provides estimates of CO2 removal and capture needed in 2030163 
and 2045.  


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 
163 As identified in Chapter 1, SB 27 (Skinner, Chapter 237, Statues of 2021) directed CARB to “establish 
carbon dioxide removal targets for 2030 and beyond” as part of this Scoping Plan. CARB is establishing 
these targets to satisfy both the requirements of SB 27 and the directive from Governor Newsom to 
establish CO2 removal targets for 2030 and 2045. 
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Table 2-3: GHG emissions and removals needed to achieve carbon neutrality and 
meet the 20 MMTCO2 removal and capture target in 2030 and the 100 MMTCO2 
removal and capture target in 2045.164 


 2030 
(MMTCO2e) 


2045 
(MMTCO2e) 


GHG Emissions 233 72 


AB 32 GHG Inventory Sector Emissions 226 65 


Net NWL GHG Emissions Across All 
Landscapes (annual average from 2025–
2045) 


7 7 


Carbon Capture and Sequestration (CCS): 
Avoided GHG Emissions from Industry and Electric 
Sectors 


(13) (25) 


Carbon Dioxide Removal (CDR) including natural 
and working lands carbon sequestration,165 Direct 
Air Capture, and Bioenergy with CCS (BECCS).  


(7) (75) 


Net Emissions (GHG Emissions + CDR) 226 (3) 


In 2030, the CO2 removal and capture target is 20 MMT, but because the SB 32 target 
only encompasses the AB 32 GHG Inventory sectors, only CCS that reduces GHG 
emissions on AB 32 sources count toward achieving more ambitious GHG emission 
reductions in 2030. In 2045, the CO2 removal and capture must compensate for any 
residual emissions from the AB 32 Inventory sectors and NWL emissions to support 
achieving carbon neutrality while also totaling at least 100 MMT. It is important to note 
that NWL, particularly forests, need a natural wildfire cycle to remain healthy. While the 
modeling projected wildfires, and implementing the Scoping Plan will result in a reduction 
in future wildfire emissions, getting to zero wildfires in the sector is not the goal, nor the 


 


 
164 Modeled estimates from the Scoping Plan Scenario indicate the relative quantity of emissions and 
removals to achieve carbon neutrality and meet carbon removal and capture targets. These estimates are 
not intended to imply precision, as the required policies are yet to be implemented and all models have 
some uncertainty in their forecasts. 
165 For the purposes of quantifying how to achieve the governor’s 20 MMT and 100 MMT CO2 removal 
and capture target, CARB included 1.5 MMTCO2e sequestration from NWL, which is the sequestration 
from urban forests. This is included as CO2 removal because it is this sequestration that CARB can 
consider as having some permanence. Permanence is necessary for incorporating NWL into carbon 
neutrality. The net NWL emissions of 7 MMTCO2e, identified in the second row of Table 2-3, includes all 
emissions and sinks from all NWL landscapes, which is inclusive of the 1.5 MMTCO2e sequestration. 
CARB will develop an accounting framework to accommodate NWL carbon stocks. 
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right approach to a sustainable forestry sector. In contrast in 2045, the reductions from 
programs and policies are estimated to reduce emissions by 169 MMTCO2e from 
business as usual. 


The 2030 target for engineered CDR also provides a near term milestone for California 
and can serve as an important marker for progress in deploying CDR to support 
California’s carbon neutrality goal. Preliminary estimates indicate that, globally, capacity 
from already announced projects will range from about 2 million metric tons per year 
(MMTCO2/y) to 8 MMTCO2/y from bioenergy paired with CCS, and from about 2,000 
metric tons per year (MTCO2/y) to 1 MMTCO2/y from DACs by 2027,166 which indicates 
that California’s 2030 target is an ambitious, but achievable, goal.  


 


Scenario Uncertainty 


Greenhouse Gas Emissions Modeling 
Several types of uncertainty are important to understand in both forecasting future 
emissions and estimating the benefits of emission reduction actions. In developing this 
Scoping Plan we forecasted a reference scenario and estimated the GHG emissions 
outcome of the AB 32 GHG Inventory sectors using the PATHWAYS167 model. Inherent 
in the reference scenario modeling is the expectation that many of the existing programs 
will continue in their current form, and that the expected drivers for GHG emissions, such 
as energy demand, population growth, and economic growth, will match our current 
projections.  


However, there is also the expectation that each of the policies included and implemented 
to achieve the 2030 target in the 2017 Scoping Plan will deliver their exact outcomes. It 
is unlikely the future will precisely match our projections, and this will lead to uncertainty 
in the forecast. For example, we never could have foreseen and forecasted economic 
and emissions impacts related to the extended disruptions from the COVID-19 pandemic. 
Thus, the single “reference” or “forecast” line should be understood to represent one 
possible future in a range of possible predictions. For this Scoping Plan, PATHWAYS 
utilized inputs that reflect technically feasible levels of deployment or adoption of low- or 
zero-carbon fuels and technologies. Each of the input assumptions provided to 
PATHWAYS has some uncertainty, which also contributes to uncertainty in the resulting 
reference scenario.  


 


 
166 IHS Markit. August 2021. Carbon Removal Potential. https://ww2.arb.ca.gov/sites/default/files/2021-
08/ihsmarkit_presentation_sp_engineeredcarbonremoval_august2021.pdf.  
167 See Appendix H (AB 32 GHG Inventory Sector Modeling). 



https://ww2.arb.ca.gov/sites/default/files/2021-08/ihsmarkit_presentation_sp_engineeredcarbonremoval_august2021.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-08/ihsmarkit_presentation_sp_engineeredcarbonremoval_august2021.pdf
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Similarly, for the NWL modeling, CARB used a mix of individual modeling tools168 to 
estimate the carbon and other ecological, public health, and economic outcomes. The 
Reference scenario assumes that the level of land management actions that occurred 
between 2001 and 2014 for forests, shrublands, grasslands, croplands, developed lands, 
wetlands, and sparsely vegetated lands continues into the future. Alternative scenarios 
assessed the effect of increasing levels of management actions from the reference 
scenario beginning in 2025. There is a great deal of uncertainty about exactly how lands 
are currently managed, and a larger uncertainty about how they may be managed in the 
future. For NWL, it is unlikely that the future will precisely match the carbon stock 
outcomes CARB has projected, particularly given the uncertainties around current and 
future land management and the effects climate change will have on our lands. For any 
modeling exercise these uncertainties exist; however, this modeling effort brings together 
the best available science, data, and models to quantify the impact our actions may have 
on the landscape under an unknown future. 


Implementation 
As this Scoping Plan is designed to chart a path to achieving carbon neutrality, additional 
work will be required to fully design and implement any policies and actions identified in 
this plan. During the subsequent development of policies, the Legislature, CARB, and 
other state agencies will learn more about the technologies and their costs, as well as 
how each industry works, as a more comprehensive evaluation is conducted in 
coordination with stakeholders, including community engagement. Significant areas of 
uncertainty include permitting wait times169 and local ordinances that might limit or slow 
the build-out of utility scale renewables.170,171 In another example, times to reach 
commercial operations for solar projects after securing an interconnection agreement also 
have increased in recent years, to 3.5 to 5.5 years.172  


The level of natural and working lands climate action identified in this Scoping Plan is 
ambitious. Achieving the level of action needed to result in the quantified carbon, 


 


 
168 See Appendix I (Natural and Working Lands Technical Support Document). 
169 CEC. 2021. SB 100 Joint Agency Report. https://www.energy.ca.gov/sb100#anchor_report.  
170 Roth, Sammy. 2019. “California’s San Bernardino County slams the brakes on big solar projects.” Los 
Angeles Times. https://www.latimes.com/business/la-fi-san-bernardino-solar-renewable-energy-
20190228-
story.html?fbclid=IwAR2qHGq3bahHme6SFErLsnyFi9UPIfBHIhvnOh3dU3OM7kUTMcEqYfN3pQA.  
171 Chediak, Mark. 2021. “California NIMBYs Threaten Biden’s Clean Energy Goals.” BNN Bloomberg. 
https://www.bnnbloomberg.ca/california-nimbys-threaten-biden-s-clean-energy-goals-
1.1634351?msclkid=668c9ae9c11311ec92e34035ea157ad4.  
172 Rand, Joseph, et al. 2022. Queued Up: Characteristics of Power Plants Seeking Transmission 
Interconnection as of the End of 2021. Power Point Presentation. Lawrence Berkeley National 
Laboratory. https://emp.lbl.gov/sites/default/files/queued_up_2021_04-13-2022.pdf.  



https://www.energy.ca.gov/sb100#anchor_report

https://www.latimes.com/business/la-fi-san-bernardino-solar-renewable-energy-20190228-story.html?fbclid=IwAR2qHGq3bahHme6SFErLsnyFi9UPIfBHIhvnOh3dU3OM7kUTMcEqYfN3pQA

https://www.latimes.com/business/la-fi-san-bernardino-solar-renewable-energy-20190228-story.html?fbclid=IwAR2qHGq3bahHme6SFErLsnyFi9UPIfBHIhvnOh3dU3OM7kUTMcEqYfN3pQA

https://www.latimes.com/business/la-fi-san-bernardino-solar-renewable-energy-20190228-story.html?fbclid=IwAR2qHGq3bahHme6SFErLsnyFi9UPIfBHIhvnOh3dU3OM7kUTMcEqYfN3pQA

https://www.bnnbloomberg.ca/california-nimbys-threaten-biden-s-clean-energy-goals-1.1634351?msclkid=668c9ae9c11311ec92e34035ea157ad4

https://www.bnnbloomberg.ca/california-nimbys-threaten-biden-s-clean-energy-goals-1.1634351?msclkid=668c9ae9c11311ec92e34035ea157ad4

https://emp.lbl.gov/sites/default/files/queued_up_2021_04-13-2022.pdf
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emissions, health, and economic outcomes within this Scoping Plan requires 
coordination, investment, and partnerships across all levels of government and sectors 
of the economy. It is possible that not all of the actions at the identified level will begin in 
2025. This uncertainty will result in diminished levels of beneficial outcomes quantified in 
the Scoping Plan Scenario. The levels of NWL action identified in this Scoping Plan 
represent CARB’s assessment of the pace and scale of action needed to achieve the 
carbon stock targets and CO2 removal targets identified in this Scoping Plan. 


The Scoping Plan Scenario identifies that 2.3 million acres of forests, shrubland, and 
grassland management annually would achieve substantial levels of fire emissions 
reductions and the concomitant health and economics benefits. Currently, 1 million acres 
of forest treatment annually is the joint federal and state government goal (500,000 acres 
each). This target of one million acres annually by 2025 is for the purposes of increasing 
forest health and wildfire resilience in the near term, whereas the 2.3 million acre target 
is what the Scoping Plan modeling shows would be needed to realize the carbon stock 
target called for in this Scoping Plan by 2045. By identifying 2.3 million acres of climate 
action annually in forests, shrublands, and grasslands, this Scoping Plan emphasizes the 
importance of that 1 million acre annual goal as a milestone on the way to even more 
action and improved fire and air quality outcomes. The modeling indicates that substantial 
improvements to statewide fire emissions will occur at levels of action greater than 1 
million acres per year. If these levels of action do not occur starting in 2025, the Scoping 
Plan has quantified climate benefits that will still occur, but to a lesser extent. In terms of 
fire emissions, compared to the Reference Scenario, 2.3 million acres of forest, shrubland 
and grassland management will result in a 10% reduction in wildfire emissions. At 1 million 
acres per year, this decreases to a 2.5% reduction. If 1 million acres per year is also not 
accomplished, then the emissions and health benefits are even lower.  


Climate action in other NWL sectors also generates many co-benefits. Climate action 
identified in this Scoping Plan is aimed at not only fighting climate change but also 
improving air quality and public health. The climate action identified in the agricultural 
sector, for example, should result in decreased pesticide and synthetic fertilizer use. This 
decrease of synthetic chemical use in agriculture across California also should result in 
improved public health, especially for communities that work and live in and around 
agricultural lands. However, as with the forestry sector, the benefits of climate action in 
agricultural lands and in any other land are dependent on how much implementation takes 
place. Ramping up increased healthy soils practices and increasing organic agriculture in 
California will require continued and sustained implementation by private industry and 
public agencies. For example, achieving the carbon stock outcomes for the annual crops 
called for in this Scoping Plan would require deployment and maintenance of healthy soils 
practices on 80,000 additional acres of croplands in California every year between 2025 
and 2045. For context, CDFA’s Healthy Soils Program, which is an incentive program 
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supporting healthy soils practices, took almost four years of sustained funding to achieve 
approximately 50,000 acres total under healthy soils practices.173 


Given the uncertainty around the modeling assumptions, and performance uncertainty as 
specific policies are fully designed and implemented, estimates associated with the 
Scoping Plan Scenario are certain to be different than what is ultimately implemented. 
One way to mitigate for this is to develop policies that can adapt and increase certainty in 
GHG emissions reductions. Periodic reviews of progress toward achieving the 2030 
target and longer term deeper decarbonization, as well as performance of specific 
policies, also provide opportunities for the state to consider any changes to ensure we 
remain on course to achieve the 2030 target and carbon neutrality. The need for this 
periodic review process was anticipated in AB 32, as it calls for updates to the Scoping 
Plan at least once every five years. For this Scoping Plan, the metrics provided on the 
rate of deployment of clean fuels and technologies, along with the annual AB 32 GHG 
Inventory, provide additional information that can be used to assess progress on sectors 
and aggregate emissions. This is also true of CARB’s NWL carbon inventory. An 
uncertainty analysis for achieving an accelerated 2030 target is provided toward the end 
of this chapter.  


Targeted Evaluations for the Scoping Plan: Oil and Gas 
Extraction and Refining 
To achieve California’s air quality and climate goals, we must end our dependence on 
petroleum. This will not happen overnight. There are about 28 million combustion engine 
heavy- and light-duty trucks and passenger vehicles in California, and these are almost 
always replaced at their end of life. The ZEV Executive Order (EO N-79-20) calls for 
100 percent new ZEV car sales beginning in 2035 and a 100 percent ZEV medium- and 
heavy-duty fleet sales by 2045 where feasible. The result is an ongoing, albeit shrinking, 
pool of vehicles that will continue to require petroleum fuels. To avoid leakage, as called 
for in AB 32, and to meet that remaining demand for petroleum fuel, a complete phaseout 
of oil and gas extraction and refining is not possible by 2045. This Scoping Plan assumes 
a phasedown in both oil and gas extraction as well as petroleum refining in line with the 
reduction in demand for in-state on-road petroleum fuel demand. Since the transportation 
sector is the largest source of GHG emissions and harmful local air pollution, we must 
continue to research and invest in efforts to deploy zero emissions technologies and clean 
fuels, and to reduce VMT. An assessment of ongoing progress and efforts to reduce 


 


 
173 California Department of Food and Agriculture. 2021. Incentives Program 2017–2020 Summary by the 
Numbers. 
https://www.cdfa.ca.gov/oefi/healthysoils/docs/HSP_Incentives_program_level_data_funded_projects.pdf. 



https://www.cdfa.ca.gov/oefi/healthysoils/docs/HSP_Incentives_program_level_data_funded_projects.pdf
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demand for petroleum fuels and of opportunities to phase down oil and gas extraction 
and refining will be included in the next Scoping Plan update. 


In addition to supplying in-state demand, California is a net exporter of gasoline, diesel, 
and jet fuel. California pipelines supply the Nevada and Arizona regions174 with 
approximately 87 million barrels gasoline equivalent of refined products annually.175 
California pipelines deliver approximately 85% of Nevada’s and 40% of Arizona’s refined 
product. Most finished fuels flowing from California to Nevada and Arizona are currently 
produced by California refineries. To manage the phasedown of oil and gas extraction 
and petroleum refining in California, exports of finished fuels must be considered and 
factored into that process, in addition to the declining in-state demand. The authorities 
and considerations related to supply and demand of petroleum fuels span federal, state, 
and local agencies. If supply of fossil fuels is to decline along with demand, a multi-agency 
discussion is needed to systematically evaluate and plan for the transition to ensure that 
it is equitable.  


This inter-agency work should also consider related topics, such as the following:  


• Direct and indirect job and economic impacts 
• Demand for other liquid fuel types such as renewable fuels, and expected 


volumes  
• Legal considerations  
• Public health benefits  
• Demand and supply strategies for petroleum fuels, including how to avoid short 


term supply constraints that may impact low-income consumers 


Some of these topics were also discussed as part of two studies176 supported by the 
California Environmental Protection Agency, which can serve as a starting point for a 
working group to analyze these questions and develop policy recommendations.  


Oil and Gas Extraction 
On April 23, 2021,177 Governor Newsom directed CARB to evaluate the phaseout of oil 
and gas extraction no later than 2045 as part of this Scoping Plan. As noted above, this 
Scoping Plan still has some California demand for finished fossil fuels (gasoline, diesel, 


 


 
174 CEC. August 2021. A Primer on California’s Pipeline Infrastructure. Petroleum Watch. 
https://www.energy.ca.gov/sites/default/files/2021-08/August_Petroleum_Watch_ADA.pdf. 
175 CEC. March 2020. Petroleum Watch. https://www.energy.ca.gov/sites/default/files/2020-
03/March_2020_Petroleum_Watch.pdf.  
176 CalEPA. 2021. Carbon Neutrality Studies: https://calepa.ca.gov/climate/carbon-neutrality-studies/. 
177 Governor Newsom. April 23, 2021. Governor Newsom Takes Action to Phase Out Oil Extraction in 
California. Press Release. https://www.gov.ca.gov/2021/04/23/governor-newsom-takes-action-to-phase-
out-oil-extraction-in-california/. 



https://www.energy.ca.gov/sites/default/files/2021-08/August_Petroleum_Watch_ADA.pdf

https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf

https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf

https://calepa.ca.gov/climate/carbon-neutrality-studies/

https://www.gov.ca.gov/2021/04/23/governor-newsom-takes-action-to-phase-out-oil-extraction-in-california/

https://www.gov.ca.gov/2021/04/23/governor-newsom-takes-action-to-phase-out-oil-extraction-in-california/
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and jet fuel) in 2045. This demand is primarily for transportation, including for sectors that 
are directly regulated by the state and some that are subject to federal jurisdiction, such 
as interstate locomotives, marine, and aviation. As discussed more fully below, while 
significant GHG reductions from oil and gas extraction could be achieved as demand for 
fossil fuels is reduced due to strategies in this Scoping Plan, it is not feasible to phase out 
oil and gas production fully by 2045 given this remaining demand. 


In the Scoping Plan Scenario, with successful deployment of zero carbon fuels and non-
combustion technology to phase down petroleum demand, GHG emissions from oil and 
gas extraction could be reduced by approximately 89 percent in 2045 from 2022 levels if 
extraction decreases in line with in-state finished fuel demand. If in-state extraction were 
to be phased out fully, the future petroleum demand by in-state refineries would be met 
through increased crude imports to the state relative to the Scoping Plan Scenario. AB 
32 defines leakage as, “a reduction in emissions in greenhouse gases within the state 
that is offset by an increase in emissions of greenhouse gases outside the state.” AB 32 
also requires any actions undertaken to reduce GHGs to “minimize leakage.” Increases 
in imported crude could result in increased activity outside California to extract and 
transport crude into California. Therefore, our analysis indicates that a full phaseout of in-
state extraction could result in GHG emissions leakage and in-state impacts to crude oil 
imported into the state. Figure 2-6 compares the 2022 emissions from this sector with the 
modeled results when the sector is phased down with in-state petroleum demand. 


 


Figure 2-6: Oil and gas extraction sector GHG emissions in 2022 and 2045 when 
activity is phased down with in-state fuel demand 
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According to California Energy Commission (CEC) data used in Figure 2-7, the total oil 
extracted in California peaked at 402 million barrels in 1986. Since then, California crude 
oil production has decreased by an average of 6 million barrels per year, to about 200 
million barrels in 2020. This steadily decreasing production of crude in California is 
expected to continue as the state’s oil fields deplete. 


 


Figure 2-7: California in-state crude oil production178 


 
A UC Santa Barbara report estimated that, under business-as-usual conditions, California 
oil field production would decrease to 97 million barrels in 2045.179 The business-as-usual 
model assumed no additional regulations limiting oil extraction in California. 


Any crude oil demand by California refineries not met by California crude oil will be met 
by marine imports of Alaskan and foreign crude.180 As shown in Figure 2-8, approximately 
99 percent of crude imports into California are delivered by marine transportation. The 


 


 
178 CEC. No date. Oil Supply Sources to California Refineries. Accessed April 21, 2022. 
https://www.energy.ca.gov/data-reports/energy-almanac/californias-petroleum-market/oil-supply-sources-
california-refineries. 
179 University of California, Santa Barbara. 2021. Enhancing Equity While Eliminating Emissions in 
California’s Supply of Transportation Fuels. 
180 CEC. 2020. Petroleum Watch: How Petroleum Products Move. March. 
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf, and CEC. 
2020. Petroleum Watch: What Types of Crude Oil Do California Refineries Process? February. 
https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf. 
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https://www.energy.ca.gov/data-reports/energy-almanac/californias-petroleum-market/oil-supply-sources-california-refineries

https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf
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remaining imports occur by rail.181 There are no pipelines that bring crude oil into 
California from out of state.182  


Figure 2-8: Crude oil imports by transportation type183 


 
Crude oil delivered by marine tankers is delivered to onshore storage tanks and 
subsequently to refineries via pipeline. Most crude oil produced in California is delivered 
to California refineries by pipeline. Using historical trends, any increases in imported 
crude above historic levels would result in increased deliveries through the marine ports. 
This increased activity could require more infrastructure to store and move larger volumes 
of crude to the refineries in state. 


 


 
181 CEC. June 2021. Crude Oil Imports by Transportation Type. Accessed March 16, 2022. 
https://www.energy.ca.gov/data-reports/energy-almanac/californias-petroleum-market/crude-oil-imports-
source.  
182 CEC. 2020. Petroleum Watch: How Petroleum Products Move. March. 
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf.  
183 CEC. June 2021. Crude Oil Imports. https://www.energy.ca.gov/data-reports/energy-
almanac/californias-petroleum-market/crude-oil-imports-source.  
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California refineries import a variety of crude oils to meet refinery needs. California 
petroleum refineries are generally designed to process relatively heavy crude relative to 
other U.S. refineries. In 2018, crude inputs to California refineries had an average 
American Petroleum Institute (API) gravity of 26.18 and an average sulfur content of 
1.64 percent. Processing significantly lighter or heavier crude blends would require 
significant changes to a refinery.184 Most crude imported from Alaska and the Middle East 
is relatively light (API gravity > 30) compared to California crude (API gravity < 20).185 If 
California crude production is insufficient to meet the demand at California refineries, then 
California refineries will need access to a similarly heavy source of crude so that the 
average API gravity of crude remains within their established operating window. South 
American crude oil imports into California are the heaviest relative to other regions, and 
therefore they may be the most likely to replace decreased California crude oil supply.186 


In summary, the modeling indicates that demand for petroleum will persist due to legacy 
fleets that will not be replaced until end of life. The modeling also shows what the GHG 
emissions reductions would be if oil and gas extraction activities were phased down in 
line with the reduction of in-state petroleum demand. Trend data shows that oil and gas 
extraction already has been on the decline and will continue to decline. It is possible to 
anticipate the likely regions and types of crude that would be imported to meet in-state 
petroleum demand if in-state extraction was fully phased out by 2045. Importantly, activity 
at the ports would increase, and new infrastructure would be needed to store and deliver 
crude to in-state refineries. And while GHG emissions from this sector would go to zero 
in our AB 32 GHG Inventory with a full phaseout, emissions related to the production and 
transport of crude to California might increase elsewhere, resulting in emissions leakage.  


As the state continues to reduce demand for petroleum, efforts to protect public health for 
communities located near oil and gas extraction sites must also continue. In October 
2021, Governor Newsom directed action to prevent new oil drilling near communities and 


 


 
184 CEC. 2020. Petroleum Watch: What Types of Crude? February. 
https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf.  
185 CEC. 2020. Petroleum Watch: What Types of Crude? February. 
https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf. 
186 CEC. 2020. Petroleum Watch: What Types of Crude? February. 
https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf. 



https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf

https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf

https://www.energy.ca.gov/sites/default/files/2020-02/2020-02_Petroleum_Watch_ADA_0.pdf





106 


 


expand health protections.187,188 In 2022, the Legislature passed, and the governor 
signed, SB 1137 to protect communities from existing and any new oil and gas extraction 
activities through 3,200 foot setbacks.  


Petroleum Refining 
In the Scoping Plan Scenario CARB modeled a phasedown of refining activity in line with 
petroleum demand. Meeting petroleum demand means sufficient availability of finished 
fuel (gasoline, diesel, and jet fuel). Crude is processed at in-state refineries to produce 
finished fuel. In response to stakeholder requests,189 this evaluation focuses on the 
Scoping Plan Scenario, but with an evaluation of a complete phasedown of refinery 
operations in state. 


The Scoping Plan Scenario results in California petroleum refining emissions of 
4.5 MMTCO2e in 2045; a reduction of approximately 85 percent relative to 2022 levels, 
which is in line with the decline in in-state finished fuel demand.190 Emissions from refining 
can be reduced further through the application of CCS technology, as shown in Figure 2-
9. If in-state refining is phased down to zero and the demand for the finished fuels 
produced by that refining persists, imported finished fuels may be needed to meet the 
remaining in-state demand.191 The current data shows unmet demand for liquid petroleum 
transportation fuels would most likely be met by marine imports. A CEC report notes, “The 
only way for California to receive large amounts of crude and refined products is by 
marine.”192 


 


 
187 Office of Governor Gavin Newsom. 2021. California Moves to Prevent New Oil Drilling Near 
Communities, Expand Health Protections. https://www.gov.ca.gov/2021/10/21/california-moves-to-
prevent-new-oil-drilling-near-communities-expand-health-protections-
2/?msclkid=6c0da86bc58e11ecb81cf596d4d8a735. 
188 California Department of Conservation Geologic Energy Management Division. October 2021. Draft 
Rule for Protection of Communities and Workers from Health and Safety Impacts from Oil and Gas 
Production Operations. https://www.conservation.ca.gov/calgem/Pages/Public-
Health.aspx?msclkid=45660232cf2511ecb1c56119097e3b0c. 
189 California Environmental Justice Alliance. October 22, 2021. Comment on 2022 Scoping Plan Update - 
Scenario Inputs Technical Workshop. https://www.arb.ca.gov/lists/com-attach/68-sp22-inputs-ws-
WzhdPlI5AjACW1Qx.pdf. 
190 This reduction in demand does not assume any need for ongoing operations to support exports to 
neighboring states. 
191 If demand assumes an ongoing need to support exports to neighboring states, the residual demand 
would require a five-fold increase in finished fuel imports.  
192 CEC. 2020. Petroleum Watch: How Petroleum Products Move. March. 
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf. 



https://www.gov.ca.gov/2021/10/21/california-moves-to-prevent-new-oil-drilling-near-communities-expand-health-protections-2/?msclkid=6c0da86bc58e11ecb81cf596d4d8a735

https://www.gov.ca.gov/2021/10/21/california-moves-to-prevent-new-oil-drilling-near-communities-expand-health-protections-2/?msclkid=6c0da86bc58e11ecb81cf596d4d8a735

https://www.gov.ca.gov/2021/10/21/california-moves-to-prevent-new-oil-drilling-near-communities-expand-health-protections-2/?msclkid=6c0da86bc58e11ecb81cf596d4d8a735

https://www.conservation.ca.gov/calgem/Pages/Public-Health.aspx?msclkid=45660232cf2511ecb1c56119097e3b0c

https://www.conservation.ca.gov/calgem/Pages/Public-Health.aspx?msclkid=45660232cf2511ecb1c56119097e3b0c

https://www.arb.ca.gov/lists/com-attach/68-sp22-inputs-ws-WzhdPlI5AjACW1Qx.pdf
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There are currently no pipelines capable of bringing refined products to the state, and rail 
imports of refined products have historically made up less than 1 percent of all imports.193 
Significant increases in marine imports would likely require significant reconfiguring, 
retrofitting, or replacement of crude pipelines and storage tanks at current marine 
terminals, and possible reconfiguring of existing finished fuel infrastructure to account for 
changes in volumes and locations of supply points. 


 


Figure 2-9: Petroleum refining sector GHG emissions in 2022 and 2045 (with and 
without CCS) when activity is phased down with fuel demand 


 
If California’s finished fuel demand is not met by continued refining activity in California, 
the state would need to import finished fuels to meet the ongoing demand. This would 
likely result in a two- to five-fold increase in the number of finished fuel ship deliveries to 
marine terminals. Marine tankers delivering refined products are often much smaller than 
crude oil tankers, so changes in fuel use and emissions cannot be easily estimated from 
the change in both the type and the number of ship deliveries.194  


 


 
193 CEC. 2020. Petroleum Watch: How Petroleum Products Move. March. 
https://www.energy.ca.gov/sites/default/files/2020-03/March_2020_Petroleum_Watch.pdf. 
194 Personal communication with CEC staff, March 2022; U.S EIA. 2017. World Oil Transit Chokepoints. 3. 
https://www.eia.gov/beta/international/regions-topics.php?RegionTopicID=WOTC. 
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If refining ceased in California, the rail and marine deliveries currently needed to support 
both refining processes and the export of waste products, such as petroleum coke, would 
cease. 


In summary, the modeling indicates that demand for petroleum will persist through 2045. 
The modeling also shows what the GHG emissions reductions would be if refining 
activities were phased down in line with the reduction in in-state petroleum demand. CCS 
can further reduce emissions for this sector. Importantly, activity at the ports would 
increase, and new infrastructure would be needed to store and deliver finished fuel across 
the state, if in-state refining were fully phased down by 2045. And while GHG emissions 
from this sector would go to zero in our AB 32 GHG Inventory with a full phaseout, 
emissions related to the refining and transport of finished fuel to California might increase 
elsewhere, resulting in emissions leakage.  


Progress Toward Achieving the Accelerated 2030 Target 


The 2017 Scoping Plan laid out a path to achieving the SB 32 target of at least a 
40 percent reduction of GHG emissions below 1990 levels by 2030 that focused on 
reducing emissions in the state and was technologically feasible and cost-effective, 
reflecting statutory direction. Many of the programs to achieve the 2030 target increased 
in stringency beginning January 1, 2021. However, the 2030 target must be increased to 
help achieve the deeper reductions needed to meet the state’s statutory carbon neutrality 
target specified in AB 1279 and Executive Order B-55-18.  


Starting in 2020 and extending into 2022, the COVID-19 pandemic impacts reverberated 
across the globe in a multitude of ways, including the devastating loss of millions of lives. 
The pandemic also had a significant impact on GHG emissions by virtue of its impact on 
global economies and lifestyle changes for Californians, with extended work and school 
disruptions. Thus, assessing our progress toward meeting our SB 32 target is confounded 
by the unprecedented nature of the pandemic. Nevertheless, an assessment of progress 
toward the 2030 target is critical, in particular the accelerated 2030 target called for in this 
Scoping Plan, since achieving the accelerated 2030 target would make the state well 
positioned to achieve its carbon neutrality goals and bring critical near-term air quality 
benefits to address historical and ongoing disparities in access to healthy air. Because 
there is only one year of data available for this decade, the analysis takes a prospective 
look using projected emissions over the remainder of this decade.  


Estimating GHG emissions in 2030 requires projecting the effect of policies or measures 
that are currently deployed and undergoing implementation. Table 2-4 shows three 
distinct estimates of GHG emissions in 2030 that were created at different times and used 
different modeling approaches. 
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Table 2-4: Estimates of 2030 GHG emissions 


Scenario Description 2030 GHG 
Emissions 
(MMTCO2e)  


2017 Scoping Plan: the projected outcome from implementing 
policies identified in the 2017 Scoping Plan that was approved by 
the CARB Board in December 2017. 


320 


Reference Scenario: the assessment of current trends and 
expected performance of policies identified in the 2017 Scoping 
Plan, as of February 2022, using the PATHWAYS model (E3). 


305 


Reference Scenario (Rhodium): the analysis of projected emissions 
from 2021 to 2030 from state and federal policies implemented as of 
July 2022, including the estimated impact of the Inflation Reduction 
Act and Advanced Clean Cars II using RHG-NEMS and other 
Rhodium Taking Stock 2022 methods (https://rhg.com/wp-
content/uploads/2022/07/Taking-Stock-2022_US-Emissions-Outlook.pdf).  


324 


These three estimates of 2030 GHG emissions differ, which is expected. The estimates 
reflect different outcomes of the current and future impact of policies and measures. They 
also vary due to fundamental differences in the way these models work. For example, 
PATHWAYS is an economy-wide, scenario-based GHG accounting tool that tracks 
energy demands and supplies in line with scenario assumptions and is benchmarked to 
historical values. RHG-NEMS optimizes both the supply and demand sides of the energy 
system while factoring in consumer constraints and dynamic economic and energy 
systemwide feedback. Importantly, while these point estimates give the appearance of 
certainty and accuracy, there is significant uncertainty in future emissions projections that 
is documented thoroughly in each of the three emissions scenarios described above. No 
model can predict the future given unforeseen factors such as notable economic swings 
and implementation delays for programs. However, the range of emissions estimates 
provides a useful indication of possible outcomes from successful implementation of 
policies and measures. 


An important source of uncertainty is the impact of delayed implementation of policy 
measures and market actions. The successful rate of deployment of clean technology 
and fuels—including consumer adoption patterns, economic recovery from the pandemic, 
and the permitting and build-out of necessary new assets and reuse of existing assets to 
produce and deliver clean energy—is essential to reach GHG emission reduction targets. 
Any delays will only increase GHG emissions in 2030. 



https://rhg.com/wp-content/uploads/2022/07/Taking-Stock-2022_US-Emissions-Outlook.pdf

https://rhg.com/wp-content/uploads/2022/07/Taking-Stock-2022_US-Emissions-Outlook.pdf
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It is important to note that incentives, carbon pricing, and regulations all can result in 
similar types of responses including, but not limited to: 


• Build-out of clean energy and infrastructure 
• Deployment of clean technology 
• Reduced demand for fossil energy 
• Efficiency improvements 


As such, the uncertainty analysis discussion focuses on implementation (technology and 
infrastructure deployment), and not any specific programs or policies. It is successful 
implementation that must ultimately happen for emissions reductions to be realized.  


The uncertainty analysis described in Appendix J (Uncertainty Analysis) quantifies the 
impact of delayed permitting and building of renewable generation and transmission in 
the power sector and delayed adoption of ZEVs across all vehicle fleets in the 
transportation sector. The Reference Scenario (Rhodium) estimates emissions in 2030 
to be 324 MMTCO2e. A five-year delay in renewable capacity would increase emissions 
by 8 percent in 2030 (25 MMTCO2e) relative to the Reference Scenario. If similar delays 
in clean energy production and deployment occur in other sectors, a larger increase in 
emissions relative to the reference scenario would be expected, jeopardizing the state’s 
ability to achieve the 2030 target. Similarly, a delay in consumer adoption of zero emission 
vehicles (LDV, MDV, HDV) would increase emissions by 6 percent in 2030 
(19 MMTCO2e) relative to the Reference Scenario. Delays in transitioning to electric 
equipment and appliances in homes and businesses would also lead to increased 
emissions in 2030. Figure 2-10 illustrates the impact on projected emissions in 2030 
associated with delayed renewable capacity and delayed transportation vehicle 
electrification. 
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Figure 2-10: Impact of delayed implementation on 2030 GHG emissions195 


 
Appendix J (Uncertainty Analysis) includes additional details on the assumptions and 
model used for the uncertainty analysis and the risks to achieve the emissions reductions 
from 2022 to 2030 that are anticipated in the Scoping Plan Reference Scenario. While 
the analysis focuses on renewable capacity and transportation, the analysis identifies a 
common set of themes that can impact emissions reductions across economic sectors, 
including permitting, technology availability, and consumer adoption. The impact of 
delayed emissions reductions will vary by sector and by the specific policy at risk of delay.  


We give these quantitative examples of the impact implementation delays can have on 
GHG reductions, but almost every economic sector will have the need for permitting to 
enable at least a 40 percent reduction below 1990 levels. If we consider the increased 
ambition of the Scoping Plan Scenario, which identifies an accelerated 2030 target, the 
same types of uncertainty manifest themselves in successful implementation of the 
Scoping Plan Scenario, with the added need for CCS and CDR and a need to grow other 
energy sectors such as hydrogen. 


 


 


195 The implementation delay scenarios were modeled separately and do not necessarily reflect the 
combined impact of delayed renewable capacity and transportation vehicle electrification. 
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Cap-and-Trade Program Update 
Since the adoption of the first Scoping Plan in 2008, carbon pricing in the form of a Cap-
and-Trade Program has been part of the portfolio to achieve the state’s GHG reduction 
targets, and it will remain critical as we work toward carbon neutrality. This section 
provides an update on the program and its role in achieving the 2030 target. 


The Cap-and-Trade Program first came into effect in 2012, under AB 32, and included 
declining allowance caps through 2020. In 2017, AB 398196 was passed by a 
supermajority in the Legislature and included prescriptive direction on the design of the 
program from 2021 through 2030. The AB 398 Cap-and-Trade Program came into effect 
on January 1, 2021, and it included the following changes: 


• Doubling of stringency with an annual cap decline of 4 percent per year from 2021–
2030 


• AB 398 price ceiling  
• AB 398 redesigned allowance price containment reserve with two tiers 
• AB 398 100 percent leakage assistance factor for industry 
• AB 398 lower offset limits: Usage limit cut from 8 percent to 4 percent, and half of 


offsets must provide direct benefits to California 


The reduction in the role of offsets in the program was in recognition of ongoing concerns 
raised by environmental justice advocates regarding the ability of companies to use 
offsets for compliance instead of investing in actions on site to reduce GHG emissions 
that could also potentially reduce criteria or toxic emissions.197,198 Note that data show 
the relationship between facility emissions of GHGs and co-pollutants is highly variable 
by sector and pollutant.199 Changes to the allowance price containment reserve and the 
addition of the price ceiling were included to ensure protections against price spikes in 
the program, while the changes to the leakage assistance factors were to ensure the 
maximum protection against leakage in the program. The original design of the program 
included an auction floor price that increases by 5 percent plus inflation each year, and 


 


 
196 Assembly Bill 398 (Garcia, Chapter 135, Stats. of 2017). California Global Warming Solutions Act of 
2006: market-based compliance mechanisms: fire prevention fees: sales and use tax manufacturing 
exemption. https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB398.  
197 OEHHA. 2022. Impacts of Greenhouse Gas Emission Limits Within Disadvantaged Communities. 
https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf.  
198 The OEHHA report also found that companies that use the most offsets often own the facilities that 
contribute to local PM2.5 exposure. However, there was no causal relationship found to indicate that 
implementation of the Cap-and-Trade Program was contributing to increases in local air pollution. Also 
see: CARB. FAQ Cap-and-Trade Program. https://ww2.arb.ca.gov/resources/documents/faq-cap-and-
trade-program. 
199 OEHHA. 2022. Impacts of Greenhouse Gas Emission Limits Within Disadvantaged Communities. 
https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf. 



https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB398

https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf

https://ww2.arb.ca.gov/resources/documents/faq-cap-and-trade-program

https://ww2.arb.ca.gov/resources/documents/faq-cap-and-trade-program

https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf
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that escalation factor is retained in the post-2020 program and is also applied to the 
allowance price containment reserve and price ceiling. These features, combined with the 
self-ratcheting mechanism for unsold allowances at auctions,200 help to ensure the 
program is able to handle periods of high and low demand for allowances while continuing 
to ensure a steadily increasing price signal for regulated entities to invest in GHG 
reduction technologies. 


As a result of achieving the 2020 target several years earlier than mandated by law, there 
are unused allowances in circulation. CARB estimated the amount to be approximately 
310 million allowances after the conclusion of the third compliance period (2018–2020).201 
AB 398 had also called for a similar analysis, which was completed in 2018.202 This bank 
represents approximately 5 percent of the total number of vintage 2013–2030 allowances 
issued within the joint market. This bank of allowances can only remain banked if year-
over-year the covered emissions are declining by 14 MMT. If the annual decline in actual 
emissions is less than 14 MMT, regulated entities will need to use the banked allowances 
to cover their compliance obligations. It is likely that the existing bank of 310 million 
allowances will be needed over the early part of this decade and will be exhausted by the 
end of the decade. During the same period, prices for allowances will continue to increase 
at least 5 percent plus inflation year-over-year, sending a steadily increasing price signal 
to spur investment in onsite reductions for covered entities.  


With the passage of AB 1279, the state has a statutory target to achieve carbon neutrality 
no later than 2045. This Scoping Plan demonstrates that planning on a longer time frame 
for the new carbon neutrality target means we must accelerate our near-term ambition for 
2030 in order to be on track to achieve our longer-term target. CARB will use the modeling 
for this Scoping Plan to assess what changes may be warranted to the Cap-and-Trade 
or other programs to ensure we are on track to achieve an accelerated 2030 target. Since 
the original adoption of the Cap-and-Trade regulation, the program has been amended 
eight times through a robust public process. Moreover, then-California Environmental 
Protection Agency Secretary Jared Blumenfeld testified at a Senate hearing in 2022 that 
CARB will report back to the Legislature by the end of 2023 on the status of the allowance 
supply with any suggestions on legislative changes to ensure the number of allowances 


 


 
200 The self-ratcheting mechanism temporarily removes unsold allowances from the market until either 
sufficient demand manifests for two consecutive auctions and they are incrementally reintroduced at 
future auctions, or they are permanently removed from general circulation if demand remains low. 
201 CARB. 2022. BR 18-51 Cap-and-Trade Allowance Report. Attachment A. 
https://ww2.arb.ca.gov/sites/default/files/cap-and-trade/Allowance%20Report_Reso18_51.pdf.  
202 CARB. 2018. Staff Report: Initial Statement of Reasons: Proposed Amendments to the Cap on 
Greenhouse Gas Emissions and Market-Based Compliance Mechanisms Regulation. September 4. 
https://www.arb.ca.gov/regact/2018/capandtrade18/ct18398.pdf?_ga=2.134288305.1735610122.1664813
952-1100516233.1657841496. 



https://ww2.arb.ca.gov/sites/default/files/cap-and-trade/Allowance%20Report_Reso18_51.pdf

https://www.arb.ca.gov/regact/2018/capandtrade18/ct18398.pdf?_ga=2.134288305.1735610122.1664813952-1100516233.1657841496

https://www.arb.ca.gov/regact/2018/capandtrade18/ct18398.pdf?_ga=2.134288305.1735610122.1664813952-1100516233.1657841496
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is appropriate to help the state achieve its 2030 target of at least 40% below 1990 levels. 
As part of that status update, CARB will also provide information on any potential program 
changes that may be needed to allowance supply to help achieve an accelerated target 
for 2030 identified in this Scoping Plan as necessary to achieve carbon neutrality no later 
than 2045. Engaging in this process in 2023 will allow for the consideration of this Scoping 
Plan, inclusion of additional data points for the second year of operation of the AB 398-
designed program (which only came into force in January 2021), and an opportunity to 
hold public workshops.  


It is also worth noting that the COVID-19 pandemic had significant impacts on economic 
activity in California and elsewhere.203 Emissions were significantly lower in 2020 due to 
the impacts of the global pandemic. There is an expectation that emissions will increase 
as the economy recovers and behaviors continue to shift from the impacts of the ongoing 
pandemic. As a result, 2020 should be regarded as an outlier in the emissions trends. 
This scenario of increasing emissions is similar to what happened in the first compliance 
period for Cap-and-Trade, where the state economy was recovering from the Great 
Recession and does not correlate to a problem with the structure of this program or other 
programs that cover emissions related to the manufacturing or transportation sectors. In 
any assessment of this and other programs, it is essential to consider external factors 
such as economic activity and availability of zero carbon energy such as hydropower, 
among others. 


To better understand the role of the Cap-and-Trade Program in achieving the 2030 target, 
Table 2-5 compares the 2030 GHG emissions estimates from the three reference 
scenarios described in Table 2-4. The 2017 Scoping Plan projection is from the 
PATHWAYS model for the Scoping Plan Scenario approved by the Board in late 2017. It 
excludes the contribution of the Cap-and-Trade Program, without any consideration of 
uncertainty factors (i.e., a characterization of the uncertainty that a given GHG reduction 
measure included in the 2017 Scoping Plan will actually achieve the GHG reductions it is 
projected to deliver). The Reference Scenario represents what GHG emissions would 
look like if we did nothing beyond the existing policies that are required and already in 
place to achieve the 2030 target; this scenario is based on the recent PATHWAYS 
modeling, excluding the contribution of the Cap-and-Trade Program, and without any 
consideration of uncertainty factors. It indicates that GHG emissions will be lower over 
this decade than originally projected when the 2017 Scoping Plan was approved. The 


 


 
203 CARB. November 4, 2021. Mandatory Greenhouse Gas Reporting - 2020 Emissions Year Frequently 
Asked Questions. https://www.arb.ca.gov/cc/reporting/ghg-rep/reported-
data/2020mrrfaqs.pdf?_ga=2.264251343.1760432228.1650736660-1644197524.1577749754.  



https://www.arb.ca.gov/cc/reporting/ghg-rep/reported-data/2020mrrfaqs.pdf?_ga=2.264251343.1760432228.1650736660-1644197524.1577749754

https://www.arb.ca.gov/cc/reporting/ghg-rep/reported-data/2020mrrfaqs.pdf?_ga=2.264251343.1760432228.1650736660-1644197524.1577749754
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Reference Scenario (Rhodium) which also does not include uncertainty bounds, is the 
modeling used for the uncertainty analysis above.  


Importantly, PATHWAYS is not able to explicitly model a carbon pricing policy, and 
therefore the Cap-and-Trade Program is not represented in the 2017 Scoping Plan or the 
Reference Scenario. Carbon pricing is included in RHG-NEMS, which reflects state and 
federal policies included in the U.S. Energy Information Administration (EIA) Annual 
Energy Outlook 2022 and the National Energy Systems Model (NEMS), which is the basis 
for RHG-NEMS.204  


As detailed in EIA’s documentation, California’s Cap-and-Trade Program is represented 
through increased energy prices, which flow across economic sectors.205 However, many 
of the emissions covered by the California Cap-and-Trade Program are not energy- and 
fuel-related emissions. Given that, the energy systems model RHG-NEMS was used to 
model the impact of California Cap-and-Trade on the energy system. However, RHG-
NEMS does not explicitly model the entire program, which includes non-energy related 
emissions from the industrial, agricultural, waste, and transportation sectors. 


  


 


 
204 U.S. EIA. 2022. Summary of Legislation and Regulations Included in the Annual Energy Outlook 2022. 
March. https://www.eia.gov/outlooks/aeo/assumptions/pdf/summary.pdf.  
205 U.S. EIA. 2022. Electricity Market Module. 
https://www.eia.gov/outlooks/aeo/assumptions/pdf/electricity.pdf. 



https://www.eia.gov/outlooks/aeo/assumptions/pdf/summary.pdf

https://www.eia.gov/outlooks/aeo/assumptions/pdf/electricity.pdf
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Table 2-5: Comparison of 2017 Scoping Plan and two Reference Scenarios 


 2030 GHG 
Emissions 
(MMTCO2e)  


(2017 Scoping 
Plan) 


2030 GHG 
Emissions 
(MMTCO2e) 


(Reference 
Scenario) 


2030 GHG 
Emissions 
(MMTCO2e) 


(Reference 
Scenario-
Rhodium) 


Reference Scenarios 320 305 324 


Gap to Accelerated 
2030 Target under 
the Scoping Plan 
Scenario (226)206 


94 79 98 


 


Under the Scoping Plan Scenario, in 2030 California emissions are anticipated to be 48% 
below 1990 levels. This represents an acceleration of the current SB 32 target of a 40% 
reduction below 1990 levels. Table 2-5 includes the gap between the different reference 
scenarios and the accelerated 2030 target achieved under the Scoping Plan Scenario. It 
also shows that depending on the modeling, there are a range of potential emissions 
levels in 2030 prior to accounting for the full impact of the Cap-and-Trade Program on 
emissions. That range is from 305 to 324 MMTCO2e in 2030. That represents a 19 
MMTCO2e spread, or about 8.4 percent of the accelerated 2030 target of 226 MMTCO2e. 
Importantly, none of these scenarios includes all of the actions identified in the Scoping 
Plan Scenario for this Scoping Plan; many of those actions, such as SB 596, CCS, and a 
more stringent LCFS program, will only begin to happen in this decade, and their 
contributions toward meeting the accelerated 2030 target are therefore not included in 
the reference scenarios. The actual emissions for the remainder of this decade will 
therefore likely be lower than in each of the scenarios in Table 2-5 once policies and 
regulations are in place to support an accelerated 2030 target. However, the degree of 
this difference between actual and projected emissions will differ across the modeled 
reference scenarios. 


 


 
206 Table 3 from the 2017 Scoping Plan included a range of 34 to 79 MMTCO2e for reductions needed 
from the Cap-and-Trade Program to achieve a 2030 target of 40 percent below 1990 levels. 
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Regardless of the uncertainty and differences in the models, it is clear additional GHG 
reductions must happen over this decade to achieve an accelerated 2030 target. This will 
require an evaluation of all major programs to assess the need to increase their stringency 
between now and 2030. As the actual reductions from non-Cap-and-Trade Program 
measures increase, California will be less reliant on the Cap-and-Trade Program to “fill 
the gap” to meet an accelerated 2030 reduction target. For example, CARB is developing 
a proposal to increase the stringency of the LCFS program for 2030, the recently adopted 
Advanced Clean Cars ll regulation is more stringent than modeled for the 2030 40 percent 
target in the 2017 Scoping Plan, and SB 596 requires specific reductions in the cement 
sector over this decade and beyond. However, we also know we are not on track to 
achieve the VMT reduction called for in the 2017 Scoping Plan and will need to double 
down to achieve the even more ambitious target called for in the Scoping Plan Scenario. 
Also, we will need additional actions over the coming years to reduce short-lived climate 
pollutants to meet the emission reductions called for in SB 1383.  


Collectively, any additional legislation or prescriptive policies for sectors, delays in 
successful implementation of non-Cap-and-Trade programs and policies, increases in 
incentive program funding, and delays in economic recovery from the pandemic will 
continue to affect the role the Cap-and-Trade Program will need to play over this decade 
to meet the state’s GHG reduction obligations. In summary, the Cap-and-Trade Program 
must continue to be able to scale across a range of possibilities. With passage of AB 1279 
and the need to accelerate the 2030 target, CARB will initiate a public process to utilize 
the modeling results from this Scoping Plan, specifically the Scoping Plan Scenario, to 
evaluate and potentially propose changes to the design of the Program, including the 
annual caps. This process will ensure that the Program supports an increased ambition 
for 2030 while retaining the ability to scale as other factors, such as changing economic 
conditions and implementation of non Cap-and-Trade programs, impact the actual 
emissions at the sources covered by the Program. Any changes to the Program must 
continue to support a well-designed system that continues to send a steadily increasing 
price signal, minimizes for leakage, reduces emissions in the covered sectors toward the 
state’s targets, is cost-effective and technologically feasible, and avoids energy rate 
spikes. Importantly, the Program should support air quality benefits, especially in overly 
burdened communities, and not exacerbate existing air quality disparities.  
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Chapter 3: Economic and Health 
Evaluations 
This chapter provides two approaches for quantifying the economic and health outcomes of the 
Scoping Plan Scenario. One approach is to consider the combined impact of all measures207 in 
a scenario. The other approach is required by AB 197, where each measure within a scenario 
is evaluated independently. In addition to these two evaluation approaches, this chapter also 
includes a discussion of the Public Health implications for the Scoping Plan Scenario, an 
overview of the Climate Vulnerability Metric, and the Environmental Analysis conducted in 
accord with the California Environmental Quality Act (CEQA).  


It is important to note that all of the analyses in this chapter use a variety of data sources, but 
because the modeling is economy-wide at the state level, none of them produce community 
specific detail outputs. The AB 32 GHG Inventory Sector analysis relies on PATHWAYS data at 
the state level that is proportionally applied across all regions of the state to translate changes 
in state level fuel combustion to local level changes. The NWL analysis similarly utilizes a variety 
of data sources and a suite of models that produce data that are scaled up to the statewide level. 
All of the models, except the Wildland Urban Interface (WUI) defensible space model, which is 
conducted at the county level, create aspatial projections that are not applicable at the 
community level. 


Economic Analysis 
As part of the process to develop this Scoping Plan, alternative scenarios that transition energy 
needs away from fossil fuels and achieve carbon neutrality no later than 2045 were developed. 
Alternative scenarios that assess the impact of different land management strategies on carbon 
stocks in NWL were also developed. These alternatives are described in Appendix C (AB 197 
Measure Analysis). The following sections describe the Scoping Plan Scenario in terms of direct 
cost, the economy, employment, and health outcomes.208 


 


 
207 AB 197 calls for the evaluation of “measures.” This Scoping Plan treats each action and its variants on 
stringency as measures for the purposes of this chapter. Appendix C (AB 197 Measure Analysis) lists the 
measures and corresponding modeling assumptions for each alternative and the Scoping Plan Scenario. 
The modeling assumptions for the Scoping Plan Scenario are summarized in Table 2-1. 
208 For the Draft 2022 Scoping Plan Update, achieving carbon neutrality in 2035 and 2045 was evaluated. The AB 
32 GHG Inventory sector direct cost, the economy, employment, and health outcomes were assessed in those 
years. Similarly, the Scoping Plan Scenario assessments that are presented in this chapter were made for years 
2035 and 2045.  
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The California economy is growing, and it is projected to continue to grow about 2 percent each 
year, from $3.2 trillion in 2021 to $5.1 trillion in 2045, as shown in Figure 3-1. Similarly, 
employment in California is anticipated to grow 0.7 percent per year, from 23.5 million jobs in 
2021 to 27.7 million jobs in 2045. It is in this context, termed the Reference Scenario, that CARB 
evaluates the Scoping Plan Scenario in terms of its impact on economic growth and employment. 
The projections shown in Figure 3-1 were produced by CARB to evaluate the incremental impact 
of regulations. 


Figure 3-1: Projected California gross state product (left) and employment growth (right) 
from 2021 to 2035 and 2045  


 


 
Transitioning away from fossil fuels to alternatives and increasing action on NWL will affect 
employment opportunities, household spending, businesses, and other economic aspects of our 
lives. Sectors expected to see growth include renewable electricity and hydrogen production, 
while other sectors may shrink. The deployment of clean technology may require higher upfront 
costs for things like heat pumps and induction stoves, but those could be offset by energy 
efficiency savings. Employment and economic development in NWL-related industries and 
sectors are expected to increase as land management actions increase, especially for the 
Forestry sector (in which a significant increase is called for under the Scoping Plan Scenario). 
The net impact of these actions on employment and jobs is presented in this chapter. 


Estimated Direct Costs 
One key metric is the direct cost, or net investment, reflecting any savings that result from 
actions. Similar approaches were used to estimate direct costs for the AB 32 GHG Inventory 
sectors and for the NWL, as described in this section. 
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AB 32 GHG Inventory Sectors 
Transitioning away from fossil fuels requires investment in new equipment and infrastructure 
throughout the economy. It involves developing the capacity to produce fuels and electricity from 
renewable sources rather than producing fossil energy. This transition also takes time. One 
approach is to eliminate combustion of fossil fuels by replacing all equipment in a specified year. 
Another approach is to establish a future point at which all sales of new equipment rely on 
alternative energy sources and allow the transition to occur over time as equipment is replaced 
upon its end of life. 


To evaluate the investment required through 2045, the PATHWAYS model was used to 
represent equipment stock and its turnover to non-fossil fuel alternatives over time. The 
annualized, incremental cost of infrastructure in excess of the annualized cost of the Reference 
Scenario209 was computed for each year from 2022 through 2045. These costs were computed 
by first taking the absolute cost in each year—which includes both new equipment investment 
and also expenditures on energy, operations, and maintenance in each year—and then 
levelizing the costs (in the same way car or house payments are annualized or spread out over 
time) to arrive at an annualized cost. Fuel savings, and resulting cost savings, associated with 
changing energy demand—from gasoline to electricity for vehicles, for example—are included 
as a result of this methodology. Carbon dioxide removal includes DAC technology powered 
primarily by off-grid solar, BECCS to produce hydrogen or other fuels, and NWL sequestration, 
as discussed in Chapter 2.210 


Figure 3-2 shows the stock investment cost, fuel/efficiency savings, and CDR cost. The Scoping 
Plan Scenario allows end-of-life transition of equipment. The cost of investing in new equipment 
is partially offset by savings associated with efficiency gains and reduced demand for fuels like 
gasoline. This is particularly relevant in the transportation sector, which leads to the majority of 
savings in 2045 in the Scoping Plan Scenario, which models near complete electrification of 
transport relying only on end-of-life replacement of vehicles. Appendix H (AB 32 GHG Inventory 
Sector Modeling) includes additional detail on direct costs in each sector and how costs change 
over time. 


 


 
209 The Reference Scenario described in Chapter 2 and in Appendix H (AB 32 GHG Inventory Sector Modeling) 
was the basis for the direct cost comparison. 
210 The energy source for DAC is not modeled, but renewable electricity and/or hydrogen produced from 
electrolysis are zero-carbon options consistent with the carbon neutrality targets in this Scoping Plan. The 
economic analysis associated the investment in DAC with the solar industry for consistency with the carbon 
neutrality targets.  
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Figure 3-2: Cost and savings relative to the growing California economy for the Scoping 
Plan Scenario in 2035 and 2045 (AB 32 GHG Inventory sectors) 


 


Natural and Working Lands 
For NWL, the direct costs of each management strategy were estimated using available 
academic literature, monitoring and reporting data, survey data, and cost data from existing 
subsidy programs on the per acre cost of implementing the management strategy. These cost 
data, in combination with the acreage of each management strategy under the scenarios, 
provided estimates of the overall direct cost to either the government or the private sector. The 
direct costs are independent of the policy lever used to implement the action and do not include 
many important benefits and externalities of the actions. They are assumed to be constant for 
each scenario and into the future. Avoided or secondary costs, such as those from reductions in 
wildfire suppression expenses, are not included. Appendix I (NWL Technical Support Document) 
includes additional direct cost details. 
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Table 3-1 includes the direct cost estimates for the Scoping Plan Scenario compared to the 
Reference Scenario.211 Direct costs for the NWL sector are expected to be significant due to the 
ambitious level of action for each land type.  


Table 3-1: Cost and savings relative to a growing California economy for the Scoping Plan 
Scenario (NWL) 


Measure Scoping Plan Scenario: 
Average Direct Annual Cost, 
2025–2045 (millions $/year) 


Forests / 
Shrublands / 
Grasslands 


1,780 


Annual Croplands 284 
Perennial 
Croplands 


4 


Urban Forest 4,230 
Wildland Urban 
Interface (WUI) 


114 


Wetlands 28 
Sparsely Vegetated 
Lands 


4 


Totals 6,460 
Note: Table values may not add to total due to rounding. 


CARB estimates that all jurisdictions, including private landowners, currently spend 
approximately $4 billion dollars annually on planting, maintenance, sidewalk repair, tree removal, 
and other expenses related to urban forests, and that reaching the theoretical maximum tree 
cover would require increasing that spending by a factor of 20. The cost of the Scoping Plan 
Scenario is predominantly a mix of urban forests and forests, shrubland, and grasslands 
spending. 


 


 
211 The Reference Scenario described in Chapter 2 and in Appendix I (NWL Technical Support Document) was 
the basis for the direct cost comparison. 
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Economy and Employment 
Two different models were used to estimate the overall impact that investing in a transition away 
from fossil fuels and in our NWL may have on the growing California economy. The transition 
away from fossil fuels was evaluated using the IMPLAN economic analysis model. The NWL 
investments were evaluated using the REMI PI+ economic model. These models provide similar 
outputs relative to the same economic and employment forecasts used to develop a Reference 
Scenario for use in each model. 


AB 32 GHG Inventory Sectors 
To estimate the overall impact that investing in a transition away from fossil fuels may have on 
the California economy, CARB used the IMPLAN model. Additional detail regarding the model, 
assumptions, and methodology are included in Appendix H (AB 32 GHG Inventory Sector 
Modeling). The IMPLAN model is a multisector representation of private industries in the U.S. 
economy that maps economic relationships across industries, households, and governments. 
This model translates direct costs and savings associated with transitioning away from fossil 
fuels with indirect effects such as wages, purchases of goods and services, business tax 
impacts, and supply chain effects. In addition, the induced effects of household purchases, local 
and import purchases, wages paid, and household tax impacts are estimated. This 
comprehensive assessment of the interactions between capital investment in fossil fuel 
alternatives and household purchases provides an indication of the response of the California 
economy to the Scoping Plan Scenario. 


The Scoping Plan Scenario results in a small impact on the Gross State Product (GSP) and 
employment relative to the Reference Scenario, as shown in Figure 3-3. Economic growth is 
largely unaffected by the Scoping Plan Scenario in 2035 and slowed by 0.1 percent in 2045. 
Employment growth is also slowed a small amount, 0.4 percent in 2035 and in 2045, and 
employment still grows. Assuming annual growth rates of 0.7 percent means there would be 
more than 193,000 additional jobs in 2045.  







124 


 


Figure 3-3: Gross state product (left) and employment (right) relative to a growing 
California economy for the Scoping Plan Scenario in 2035 and 2045 (AB 32 GHG Inventory 
sectors) 


 
California households will see increased costs from the purchase of new capital stock and 
savings from reduced spending on fuel, as shown in Figure 3-2. Households also will face 
increased costs associated with CDR, costs associated with energy efficiency measures, and 
commercial stock purchases—all of which are assumed to be passed directly to consumers. The 
impact to California households, however, is not limited to these direct costs, as changes in 
relative prices, employment, and wages can affect household well-being. Personal income, 
which captures the direct, indirect, and induced impacts, is a metric commonly used to evaluate 
the impact of policies on households.  


Personal income in California is projected to grow from $2.7 trillion in 2021 to $3.6 trillion in 2035 
and $4.4 trillion in 2045. Household projections are based on California Department of Finance 
population projections, which estimate the state’s population to grow an average of 0.3 percent 
each year from 2021 to 2045.212 California households are projected to increase from 13.3 million 
in 2020 to 14.6 million in 2035 and 15.0 million in 2045. 


 


 
212 California Department of Finance. Population Projections (Baseline 2019). 
https://dof.ca.gov/forecasting/demographics/projections/. 
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While the transition away from combustion of fossil fuels will improve air quality for all 
Californians (and even, more so in overly burdened communities), the economic impacts of the 
Scoping Plan Scenario are unlikely to be equal among Californians. Table 3-2 presents the 
change in income by household income group relative to the Reference Scenario in 2035 and 
2045. While in 2035 there is a net decrease in personal income of $600 million, total income for 
households that make less than $100,000 per year is estimated to decline by $4.1 billion dollars, 
and the total income for households that make more than $100,000 per year will increase by 
$3.5 billion under the Scoping Plan Scenario. In 2045, although there is no net change in 
personal income across all California households, results vary by income level. Total income for 
households that make less than $100,000 per year are estimated to decline by $5.3 billion 
dollars, while the total income for households that make more than $100,000 per year will 
increase by $5.3 billion under the Scoping Plan Scenario. 


Table 3-2: Income Impacts by California household income group in 2035 and 2045 for 
the Scoping Plan Scenario (AB 32 GHG Inventory Sectors) 


Household Income 
Group ($2021) 


Percentage of 
2021 California 
Households213 


Change in Income  
(Billion $2021) 


  2035 2045 


Less than $50,000 30 -2.9 -3.9 


$50,000 to 
$100,000 


27 -1.2 -1.4 


$100,000 to 
$200,000 


28 2.5 4.0 


More than 
$200,000 


15 1.0 1.3 


Total 100 -0.6 0.0 


 


 
213 U.S. Census Bureau. 2021. Household Income. California. 
https://data.census.gov/cedsci/table?q=california%20income.  



https://data.census.gov/cedsci/table?q=california%20income
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In addition to income level, there is likely to be an impact to California personal income that 
varies based on race/ethnicity.214 Table 3-3 shows the percentage of households within each 
income group based on eight race/ethnicity categories identified in the American Community 
Survey 2021. As shown in Table 3-2, households in lower income groups are anticipated to see 
negative impacts, while households in higher income groups are anticipated to see positive 
impacts from the Scoping Plan Scenario in both 2035 and 2045. Because more than 60% of 
households in the race/ethnicity categories of Hispanic, Black alone, Native Hawaiian (HI) or 
Pacific Islander, American Indian or Alaskan Native, Other, and Two or More make less than 
$100,000 per year, these populations generally are likely to experience reduced income. White 
and Asian households will generally experience both increased and decreased income because 
these households are distributed more evenly across all four income groups. 


The state recognizes the need to ensure that accessibility to clean technology and energy do 
not further exacerbate health and opportunity gaps for low-income households and communities 
of color. The Climate Change Investments program exceeds the statutory minimums to invest in 
projects to benefit disadvantaged communities.215 Utilities implement programs for reduced 
energy bills for qualifying low-income customers.216 There are also resources for waste and 
water bills that leverage federal funds.217 CARB also coordinated with the CPUC to ensure that 
the Climate Credit218 funded from the sale of Cap-and-Trade allowances provided to utilities on 
behalf of ratepayers is credited equally to households and not based on how much energy is 
used. These are just a few examples of how the state is designing and implementing programs 
to avoid increasing existing disparities. The state must continue to find ways to relieve economic 
burdens on low-income households. 


  


 


 
214 The number of households in each bracket and the race/ethnicity categories are from American Community 
Survey 2021 results. Population changes through 2035 and 2045 are not forecast. U.S. Census Bureau. 2021. 
Household Income. California. https://data.census.gov/cedsci/table?q=california%20income. 
215 CARB. Priority Populations — California Climate Investments. 
https://www.caclimateinvestments.ca.gov/priority-populations. 
216 CPUC. CARE/FERA Program. https://www.cpuc.ca.gov/lowincomerates/. 
217 California Department of Community Services and Development. Low Income Household Water Assistance 
Program. https:/www.csd.ca.gov/lihwap. 
218 CPUC. California Climate Credit - FAQ. https://www.cpuc.ca.gov/industries-and-topics/natural-
gas/greenhouse-gas-cap-and-trade-program/california-climate-credit/california-climate-credit---faq. 



https://data.census.gov/cedsci/table?q=california%20income

https://www.caclimateinvestments.ca.gov/priority-populations

https://www.cpuc.ca.gov/lowincomerates/

https://www.csd.ca.gov/lihwap

https://www.cpuc.ca.gov/industries-and-topics/natural-gas/greenhouse-gas-cap-and-trade-program/california-climate-credit/california-climate-credit---faq

https://www.cpuc.ca.gov/industries-and-topics/natural-gas/greenhouse-gas-cap-and-trade-program/california-climate-credit/california-climate-credit---faq
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Table 3-3: Percentage of households in each race/ethnicity category by household 
income group 


Household 
Income 
Group 


($2021) 


Households in Income Group (%) 


White Not 
Hispanic Hispanic 


Black 
Alone 


Asian 
Alone 


Native HI 
or Pacific 
Islander 


American 
Indian or 
Alaskan 
Native Other 


Two 
or 


More 


Less than 
$50,000 


26 35 45 25 30 35 37 32 


$50,000 to 
$100,000 


25 32 27 21 31 33 33 30 


$100,000 to 
$200,000 


29 25 21 30 30 26 24 27 


More than 
$200,000 


19 7 7 24 9 7 5 11 


 


Natural and Working Lands 
The macroeconomic impact of the NWL scenario was evaluated separately in the REMI PI+ 
model. For the Scoping Plan Scenario, the macroeconomic impact was modeled by assuming 
that economic activity in the relevant industries grows in proportion to the proposed 
implementation spending in that industry. All funds for implementing the actions were assumed 
to be sourced from within the state. For urban forests, the funds were modeled as being sourced 
from a combination of state government and private property owners in proportion to the current 
estimated private/public spending ratio. For all other actions, funds were assumed to be sourced 
from the state government. In each modeled scenario, government spending and income to 
property owners were reduced relative to the Reference Scenario in proportion to the annual 
costs of implementation. None of the proposed spending was modeled as being sourced from 
increased taxes. Additional details on the methodology for evaluating macroeconomic impacts 
are in Appendix I (NWL Technical Support Document). 


While the macroeconomic model does count the increased economic activity in the affected 
industries as part of GSP, it does not quantify many of the important economic, health, and 
environmental benefits that would occur if these actions were implemented. While these 
benefits—like the reduced use of pesticides, value of urban trees, and increased recreational 
opportunities—would be very significant, they are outside the scope of the macroeconomic 
model.  
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The macroeconomic model also makes projections about the total level of employment in the 
state. The model forecasts that the Scoping Plan Scenario, which greatly increases the level of 
NWL management actions, channels economic activity toward related industries and would lead 
to a slight increase in total employment. (Table 3-4). While the model does aim to accurately 
represent many labor market dynamics, including adjustments of wages and migration rates, it 
does not account for many costs that might be associated with dramatically scaling up 
employment in a particular industry, such as the cost of job training.  


 


Table 3-4: Gross state product and employment relative to a growing California economy 
for the Scoping Plan Scenario in 2035 / 2045 (NWL) 


 Scoping Plan Scenario 
(%) 


Gross State Product  0.00 / 0.01 


Employment  0.12 / 0.10 


Personal Income -0.04 / -0.04 


Personal Income per 
Capita  


-0.04 / -0.14 


Health Analysis 
Air quality is affected by pollutant emissions from various processes associated with energy 
systems, including the combustion of fossil fuels, as well as the combustion of vegetation 
biomass from NWL during wildfires. Pollutants that are important contributors to degraded air 
quality in California include nitrogen oxides (NOx), particulate matter (PM), reactive organic 
gases (ROG), and others. Further, in the atmosphere these pollutants are transported away from 
the locations of the emissions by wind and other phenomena, and undergo chemical reactions 
that result in the formation of new pollutants such as ground-level ozone and fine particulate 
matter (PM2.5). Both primary (emitted) and secondary (formed) pollutants are important from a 
public health standpoint and contribute to the incidence of air pollution-related mortality and 
disease within California populations. Measures focused on GHGs do not incorporate specific 
targets to reduce emissions of PM2.5 or air toxics like benzene. These co-pollutants, which are 
emitted from many of the same pollution sources as GHGs, affect local air quality and pose 
known risks to public health, such as the risk of asthma and cardiovascular disease. Generally, 
for stationary sources, certain harmful pollutants are regulated via local rules and regulations 
that are reflected in permits for stationary sources and are enforced by local air districts, with 
CARB also regulating air toxics contaminants from stationary sources with the air districts. 
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AB 32 GHG Inventory Sectors 
To assess health impacts for the AB 32 GHG Inventory sectors, an integrated modeling 
approach was used to quantify and value the air pollution-related public health benefits of the 
Scoping Plan Scenario relative to the Reference Scenario. Additional details about the models, 
assumptions, and methodology are included in Appendix H (AB 32 GHG Inventory Sector 
Modeling). Using output from the PATHWAYS model, projections of pollutant emissions to 2045 
were developed for stationary, area, and mobile source emissions using a detailed base year 
CARB pollutant emissions inventory. Further, the emissions are processed, including for where 
and when they occur in California, using the Sparse Matrix Operator Kernels Emissions 
(SMOKE) model. For example, on-road vehicle emissions were allocated along existing 
roadways, and refining emissions were assigned to the locations of existing refineries. It should 
be noted that the emissions projections represent statewide average reductions associated with 
high-level assumptions about alternative fuels and technologies. For example, emissions 
occurring from refineries to produce liquid fuels are reduced in line with petroleum demand. This 
reduction is applied equally to all refineries in the Scoping Plan Scenario and does not specify 
individual facility responses to changing demand. Similarly, the Scoping Plan Scenario does not 
specify which refineries transition to biofuel production or where new electricity generation 
facilities are built.  


Next, emission changes were translated into impacts on atmospheric pollution levels, including 
ground-level ozone and PM2.5, via an advanced photochemical air quality model called the 
Community Multiscale Air Quality (CMAQ) model, which accounts for atmospheric chemistry and 
transport. A comprehensive assessment of how pollutant concentrations are impacted 
throughout the year was achieved by simulating all months in 2035 and 2045 for the Scoping 
Plan Scenario.219 Health benefits were estimated using the U.S. EPA’s environmental Benefits 
Mapping and Analysis Program (BenMAP) model to translate pollutant changes into avoided 
incidence of mortality, hospital admissions, emergency room visits, and other outcomes as a 
result of reduced exposure to ozone and PM2.5. These outcomes are associated with an 
economic value in order to aggregate health impacts.  


The Scoping Plan Scenario shows a substantial reduction in pollutant emissions relative to the 
Reference Scenario, including NOx, PM2.5, and ROG. Reductions in NOx are shown in 
Figure 3-4. Even under a business-as-usual trajectory, emissions are reduced from present 
levels by 26 percent in 2045 in the Reference Scenario, demonstrating the impact of current 
regulations and trends in energy sectors. The Scoping Plan Scenario further reduces NOx 


 


 
219 This annual approach differs from the episodic modeling approach applied to the Proposed Scenario and 
Alternatives in the Draft 2022 Scoping Plan Update. Appendix H (AB 32 GHG Inventory Sector Modeling) 
describes both approaches. 
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emissions from the Reference Scenario by 29% in 2035 and 61% in 2045. Emission reductions 
occur throughout the state with particular prominence in urban areas, including the South Coast 
Air Basin, due to the large presence and activity of emission sources. Appendix H (AB 32 GHG 
Inventory Sector Modeling) contains additional information about the pollutant emissions 
modeling and results. 


Figure 3-4: Illustration of NOx emission reductions from current levels for the Reference 
Scenario and the Scoping Plan Scenario (AB 32 GHG Inventory sectors) 


 
The emission reductions achieve important improvements in air quality throughout California, 
including reductions in the levels of ozone and PM2.5. Reductions in annual PM2.5 levels are 
shown in Figure 3-5. The greatest reductions are evident in Southern California, the San Joaquin 
Valley, the San Francisco Bay area, and the Greater Sacramento area due to the large presence 
and activity of emission sources, meteorology, topography, and others. To highlight the extent 
of the air quality improvements: reductions reach nearly 8 micrograms per cubic meter (µg/m3) 
in 2045 and lead to 76% fewer exceedances of the health-based National Ambient Air Quality 
PM2.5 standard of 12 µg/m3. Similarly, ozone improvements reach 19 parts per billion (ppb) and 
yield 62% fewer exceedance events. Furthermore, the locations of improvements carry 
important implications for human health as these areas support large urban populations and 
generally experience the most degraded ozone and PM2.5 pollution. Appendix H (AB 32 GHG 
Inventory Sector Modeling) provides details regarding the atmospheric modeling and results, 
including differences in ozone and PM2.5.  
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Figure 3-5: Difference in annual average PM2.5 (µg/m3) in the Scoping Plan scenario 
relative to the Reference scenario in 2045 (AB 32 GHG Inventory sectors) 


 
Notable health benefits representing the economic value of the avoided incidence of health 
effects are associated with the Scoping Plan Scenario. In total, the benefits reach $78 billion in 
2035 and $199 billion in 2045, as shown in Figure 3-6. Populations in Southern California benefit 
the most due to preexisting air quality challenges, significant emission sources and activity, and 
the presence of a large, dense urban population. Additional details regarding the health impact 
assessment are provided in Appendix H (AB 32 GHG Inventory Sector Modeling). 
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Figure 3-6: Total health benefits estimated from air quality improvements in the Scoping 
Plan Scenario (AB 32 GHG Inventory sectors) 


 
Furthermore, these benefits accrue within socially and economically disadvantaged 
communities identified by CalEnviroScreen, where they are most needed. Total health benefits 
within census tracts identified as disadvantaged communities using CalEnviroScreen 4.0 reach 
$22 billion in 2035 and $61 billion in 2045, as shown in Figure 3-7. Similarly to the statewide 
health benefits, the largest share of benefits occurs within disadvantaged communities in 
Southern California. Additional information on the health benefits within disadvantaged 
communities can be found in Appendix H (AB 32 GHG Inventory Sector Modeling).  
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Figure 3-7: Disadvantaged community health benefits relative to the Reference Scenario 
for the Scoping Plan Scenario (AB 32 GHG Inventory sectors) 


 


Natural and Working Lands 
For NWL, health benefits were evaluated based on projected PM2.5 wildfire emissions on forests, 
shrublands, and grasslands, discussed in the AB 197 Measure Analysis section of the chapter 
that follows.220 The health endpoints for the Scoping Plan Scenario and in Appendix I (NWL 
Technical Support Document) for the alternative scenarios were the basis for the estimated 
health benefits shown in Figure 3-8. Health benefits were derived from the preliminary University 
of California, Los Angeles (UCLA) study that estimated annual health impacts and associated 
costs from California’s wildfires from 2008–2018. Additional details are included in Appendix I 
(NWL Technical Support Document). These costs were applied to the health endpoints 
discussed in the AB 197 Measure Analysis section of the chapter.  


 


 
220 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N11, N14. finalejacrecs.pdf 
(arb.ca.gov). 


0


10


20


30


40


50


60


70


California South Coast San Joaquin
Valley


S.F. Bay Sacramento San Diego


B
ill


io
n 


20
21


$


2035 2045



https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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Figure 3-8: Total average annual health benefits relative to the Reference Scenario for the 
Scoping Plan Scenario (NWL) 


 
As health impacts analyzed here are driven by wildfire emissions, the health benefits for the 
Scoping Plan Scenario are directly related to the amount of forest, shrubland, and grassland 
management action. These management actions reduce vegetation fuels and, as a result, 
wildfire activity. The Scoping Plan Scenario increases the amount of these management actions, 
reducing wildfire emissions and avoiding incidence of emission-related health effects. The health 
benefits, or economic value of the avoided incidence of health effects, correspondingly increase 
with an increasing management implementation rate. Additional details are included in Appendix 
I (NWL Technical Support Document). 


Estimated health benefits do not include the direct impact of wildfires on injuries, deaths, or 
mental health, nor the indirect costs of lost ecosystem benefits to wildfire. Additional direct health 
costs may result from wildfire that would likely increase the health benefits from increased forest, 
shrubland, and grassland management to reduce wildfire activity. Nonetheless, the conservative 
health benefits under the Scoping Plan Scenario are estimated to be $3.1 billion per year relative 
to the Reference Scenario for all NWL actions identified in the Scoping Plan Scenario. 
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AB 197 Measure Analysis 
This section provides estimates for information associated with GHG emissions reduction 
measures evaluated in this Scoping Plan.221 These estimates, which were developed as part of 
the process for meeting the requirements of AB 197 (E. Garcia, Chapter 250, Statutes of 2016), 
provide information on the relative impacts of the evaluated measures when compared to each 
other. To support the design of a suite of policies that result in GHG reductions, air quality 
co-benefits, and cost-effective measures, it is important to understand if a measure will increase 
or reduce criteria pollutants or toxic air contaminant emissions, or if increasing stringency at 
additional costs yields few additional GHG reductions. To this end, AB 197 requires the following 
for each potential emissions reduction measure evaluated in any Scoping Plan update: 


• The range of projected GHG emissions reductions that result from the measure; 
• The range of projected criteria pollutant emission reductions that result from the measure; 


and 
• The cost-effectiveness, including avoided social costs, of the measure. 


 


The following sections describe the evaluation of measures for the AB 32 GHG Inventory sectors 
and NWL. For the purposes of this Scoping Plan, the identified emissions reduction measures 
for the analysis required by AB 197 are actions grouped by sectors where several policies and 
programs are expected to overlap. This approach reflects the most granular feasible analysis 
given the modeling tools available,222 the overlap and interaction effects among policies and 
incentive programs, the longer planning horizon used for this Scoping Plan compared to previous 
efforts, and the scale of transition needed to achieve carbon neutrality. To implement this 
Scoping Plan, dozens of individual regulations, policies, and incentive programs are anticipated 
that work together to drive down emissions across all economic sectors and support actions. 
Every specific policy or incentive program that could contribute to the deployment of clean 
technology and energy called for in this plan may overlap in ways that make it infeasible to tease 
out those policies and programs’ individual effects with any reasonable degree of certainty. For 
example, in the transportation sector, deploying ZEVs and reducing driving demand may be 
achieved through a combination of the implementation of new or existing regulations, fuels 
programs, incentive programs, and VMT reduction initiatives that can each contribute to 
reductions in emissions for the sector. It is not feasible to isolate each sub action from each other 
at this time in terms of the share of contribution to total reductions. The estimated emission 


 


 
221 AB 197 calls for the evaluation of “emission reduction measures.” This Scoping Plan treats each action and its 
variants on stringency as emission reduction measures for the purposes of this chapter. Appendix C (AB 197 
Measure Analysis) lists the measures and corresponding modeling assumptions for each alternative. 
222 See Appendix H (AB 32 GHG Inventory Sector Modeling and Appendix I (NWL Technical Support Document). 
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reductions, health endpoints, and costs by measure for the Scoping Plan Scenario are presented 
in this chapter, and the corresponding estimates for the Proposed Scenario and Alternatives 1, 
2, and 4 are included in Appendix C (AB 197 Measure Analysis). 


Because many of the measures and underlying assumptions interact with each other, isolating 
the GHG emission reductions, corresponding changes to fuel combustion, and associated cost 
of an individual measure is analytically challenging. Each measure is evaluated by examining 
the change in fuel combustion, cost, and emissions associated with just that measure using the 
PATHWAYS model. The difference between the Scoping Plan Scenario and the Reference 
Scenario is estimated for each measure. Starting from the Scoping Plan Scenario, the modeling 
assumptions for an individual measure are reverted to the Reference Scenario values, resulting 
in GHG reductions, changes to fuel combustion, and costs (or savings). This approach does not 
reflect interactions between sectors in PATHWAYS that influence the results for each complete 
alternative, presented earlier. As such, the values associated with each measure should not be 
added to obtain an overall scenario estimate.  


To arrive at the 2045 target for NWL, CARB modeled the ecological impact that climate smart 
land-based management strategies (suites of on-the-ground actions, or treatments, that are 
used across the landscape to manipulate an ecosystem) will have on ecosystem carbon; and 
whenever possible, additional co-benefits from those actions. The Scoping Plan Scenario 
incorporates a set of land management actions at varying scales of implementation for each land 
type to achieve the GHG emission reductions. Each land type, and its associated management 
actions, was considered a measure for this analysis. For modeling individual landscapes and 
management actions, CARB used a suite of models. The complexity of these models varies by 
land type, depending on the existing science, data, and availability of existing models to use. 
Appendix I (NWL Technical Support Document) provides detailed modeling assumptions for 
each NWL type. The estimated emission reductions, health endpoints, and costs by measure 
under the Scoping Plan Scenario for each NWL type are presented in this chapter, and the 
corresponding estimates for the Proposed Scenario and NWL Alternatives 1, 2, and 4 are 
included in Appendix C (AB 197 Measure Analysis).  


Estimated Emissions Reductions  
Both GHG emissions reductions and emissions of criteria air pollutants were evaluated for the 
AB 32 GHG Inventory sectors and for NWL. The methods and results are described in 
this section. 


AB 32 GHG Inventory Sectors 
In the absence of having direct modeling results for criteria pollutant estimates from 
PATHWAYS, CARB estimated criteria pollutant emissions impacts by using changes in fuel 
combustion in units of exajoules from PATHWAYS and emission factors in units of tons per 
exajoule to estimate the change in emissions in tons per year. Emission factors from a variety 
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of sources for each sector were utilized, including but not limited to CARB’s mobile source 
emissions models,223 U.S. EPA’s AP 42 Emissions Factors,224 and the South Coast Air Quality 
Management District’s (AQMD’s) District Rules.225 These emission factors were applied to fuel 
burn change by fuel type, sector, equipment type, and process, where applicable. Statewide 
annual average emissions were estimated for three criteria pollutants: NOx, PM2.5, and ROG. 


Table 3-5 provides the estimated GHG and criteria pollutant emission reductions for the 
measures in the Scoping Plan Scenario in 2035 and 2045. The other alternatives are presented 
in Appendix C (AB 197 Measure Analysis). Based on the estimates below, these measures are 
expected to provide air quality benefits. The estimates provided in this chapter and Appendix C 
(AB 197 Measure Analysis) are appropriate for comparing across alternatives considered for the 
development of this Scoping Plan, but they are not precise estimates.  


  


 


 
223 CARB. MSEI - Modeling Tools. https://ww2.arb.ca.gov/our-work/programs/mobile-source-emissions-
inventory/msei-modeling-tools. 
224 U.S EPA. AP-42: Compilation of Air Emissions Factors. https://www.epa.gov/air-emissions-factors-and-
quantification/ap-42-compilation-air-emissions-factors. 
225 South Coast AQMD. South Coast AQMD Rule Book. https://www.aqmd.gov/home/rules-
compliance/rules/scaqmd-rule-book. 



https://ww2.arb.ca.gov/our-work/programs/mobile-source-emissions-inventory/msei-modeling-tools

https://ww2.arb.ca.gov/our-work/programs/mobile-source-emissions-inventory/msei-modeling-tools

https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-compilation-air-emissions-factors

https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-compilation-air-emissions-factors

https://www.aqmd.gov/home/rules-compliance/rules/scaqmd-rule-book

https://www.aqmd.gov/home/rules-compliance/rules/scaqmd-rule-book
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Table 3-5: Estimated GHG and criteria pollutant emission reductions relative to the 
Reference Scenario for the Scoping Plan Scenario in 2035/2045 (AB 32 GHG Inventory 
sectors) 


Measure GHG 
Reductions 
(MMTCO2) 


NOx Reductions 
(Short Tons/Year) 


PM2.5 
Reductions 
(Short Tons/ 


Year) 


ROG 
Reductions 


(Short 
Tons/Year) 


Deploy ZEVs and 
reduce driving 
demand 


-46 / -84 -51,620 / -122,806 -2,008 / -6,506 -18,967 /  
-30,410 


Coordinate 
supply of liquid 
fossil fuels with 
declining 
California fuel 
demand 


-25 / -30 -1,601 / -2,707 -978 / -1,705 -747 / -1,323 


Generate clean 
electricity 


-8 / -31 -92 / -1,555 -177 / -1,382 -41 / -425 


Measure GHG 
Reductions 
(MMTCO2) 


NOx Reductions 
(Short Tons/Year) 


PM2.5 
Reductions 
(Short Tons/ 


Year) 


ROG 
Reductions 


(Short 
Tons/Year) 


Decarbonize 
industrial energy 
supply 


-9 / -22 -21,172 / -34,876 -1,188 / -2,527 -3,710 / -6,298 


Decarbonize 
buildings 


-14 / -35 -8,105 / -94,455 -826 / -6,877 -1,093 / -8,109 


Reduce non-
combustion 
emissionsa 


-0.41 / -0.52 
(MMTCH4) 


N/A N/A N/A 


Compensate for 
remaining 
emissions 


-25 / -64 N/A N/A N/A 


a Methane emissions reductions are reported for this measure. 


The measures related to reducing non-combustion emissions and compensating for the 
remaining emissions do not include changes to fuel combustion, and therefore are not 
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associated with changes to air pollutants. Biomethane combustion is captured in measures that 
reduce combustion of fossil gas, such as decarbonizing industrial energy supply and buildings. 


Natural and Working Lands 
NWL ecosystems naturally vary between being a source and a sink for carbon over time. The 
NWL ecosystem carbon stock changes projected through mid-century by the suite of models 
were used to estimate net emissions or emissions reductions relative to the Reference Scenario. 
These changes in carbon stocks were affected by projected climate change, the implementation 
of management actions under the various scenarios, land conversion, and (for forests, 
shrublands, grasslands) wildfire. Each NWL type was evaluated, and an overview of all NWL is 
presented in Table 3-6. More detailed results for each NWL type can be found in Appendix C 
(AB 197 Measure Analysis).  
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Table 3-6: Estimated average annual GHG and criteria pollutant emission reductions 
relative to the Reference Scenario for the Scoping Plan Scenario from 2025–2045 (NWL) 


Measure GHG Reductions 
(MMTCO2e/year) 


PM2.5 
Reductions 
(MT/Year) 


Forests/Shrublands/Grasslands -0.12 -17,500 


Annual Croplands -0.25 N/A 


Perennial Croplands -0.01 N/A 


Urban Forest -1.29 N/A 


Wildland Urban Interface (WUI) 0.75 N/A 


Wetlands -0.43 N/A 


Sparsely Vegetated Lands <-0.01 N/A 


Fine particulate wildfire emissions were evaluated for forests, shrublands, and grasslands only. 
Wildfire emissions decreased under the Scoping Plan Scenario compared to the Reference 
Scenario. The Scoping Plan Scenario’s higher level of management actions that reduce tree or 
shrub densities, protect large trees, reintroduce fire to the landscape, and diversify species and 
structures result in greater reductions in wildfire emissions.  


Estimated Health Endpoints  
Climate change mitigation will result in both environmental and health benefits. This section 
provides information about the potential health benefits of the Scoping Plan Scenario. Health 
benefits are primarily the result of reduced PM2.5 pollution, both from stationary and mobile 
sources, as well as wildfire in forests, shrublands, and chaparral. 


AB 32 GHG Inventory Sectors 
CARB used the criteria pollutant emissions in Table 3-5 to understand potential health impacts. 
Similar to the air quality estimates, this information should be used to understand the relative 
health benefits of the various measures and should not be taken as absolute estimates of health 
outcomes. CARB used the incidence-per-ton (IPT) methodology to quantify the health benefits 
of emission reductions. The IPT methodology is based on a methodology developed by the U.S. 
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EPA.226,227,228,229 Under the IPT methodology, changes in emissions are approximately 
proportional to the resulting changes in health outcomes. IPT factors are derived by calculating 
the number of health outcomes associated with exposure to PM2.5 for a baseline scenario using 
measured ambient concentrations and dividing that number by the emissions of PM2.5 or a 
precursor. To estimate the reduction in health outcomes, the emission reductions are multiplied 
by the IPT factor. For future years, the number of outcomes is adjusted to account for population 
growth. IPT factors were computed for the two types of PM2.5: primary PM2.5 and secondary 
PM2.5 of ammonium nitrate aerosol formed from precursors. 


For this AB 197 analysis, CARB calculated the health benefits associated with the five key 
measures that are represented by changes to fuel combustion. The health benefits associated 
with emission reductions for the Scoping Plan Scenario were estimated for each air basin and 
then aggregated for the entire state of California. CARB assumed that the statewide emission 
reductions distribution among the air basins is proportional to the baseline emissions in that air 
basin.  


Calculated health endpoints include premature mortality, cardiovascular emergency department 
(ED) visits, acute myocardial infarction, respiratory ED visits, lung cancer incidence, asthma 
onset, asthma symptoms, work loss days, hospitalizations due to cardiopulmonary illnesses, 
hospitalizations due to respiratory illnesses, hospital admissions for Alzheimer’s disease, and 
hospital admissions for Parkinson’s disease.230,231,232 These health endpoints were calculated 
using the IPT method for estimated emission reductions. Table 3-7 compares the health benefits 
of emission reductions associated with each measure for the Scoping Plan Scenario in the year 


 


 
226 CARB. CARB’s Methodology for Estimating the Health Effects of Air Pollution. Retrieved February 9, 2021. 
https://ww2.arb.ca.gov/resources/documents/carbs-methodology-estimating-health-effects-air-pollution. 
227 Fann, N., C. M. Fulcher, and B. J. Hubbell. 2019. “The influence of location, source, and emission type in 
estimates of the human health benefits of reducing a ton of air pollution.” Air Quality, Atmosphere & Health 2:169–
176. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2770129/. 
228 Fann, N., K. R. Baker, and C. M. Fulcher. 2012. “Characterizing the PM2.5-related health benefits of emission 
reductions for 17 industrial, area and mobile emission sectors across the U.S.” Environ Int. 49:141–51. November 
15. https://www.sciencedirect.com/science/article/pii/S0160412012001985. 
229 Fann, N., K. Baker, E. Chan, A. Eyth, A. Macpherson, E. Miller, and J. Snyder. 2018. “Assessing Human 
Health PM2.5 and Ozone Impacts from U.S. Oil and Natural Gas Sector Emissions in 2025.” Environ. Sci. Technol. 
52 (15), 8095–8103. https://pubs.acs.org/doi/abs/10.1021/acs.est.8b02050. 
230 CARB. CARB’s Methodology. https://ww2.arb.ca.gov/resources/documents/carbs-methodology-estimating-
health-effects-air-pollution. 
231 CARB. 2022. Updated Health Endpoints in CARB’s Health Benefits Methodology. Evaluating New Health 
Endpoints for Use in CARB’s Health Analyses. 
232 Cardio-pulmonary mortality, hospitalizations due to cardiopulmonary illnesses, and hospital admissions due to 
respiratory illnesses endpoints utilize studies documented in CARB’s methodology document. For future 
assessments, CARB will use more recent studies to estimate cardiovascular hospital admissions and respiratory 
hospital admissions, as documented in CARB’s updated health endpoints memo. 



https://ww2.arb.ca.gov/resources/documents/carbs-methodology-estimating-health-effects-air-pollution

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2770129/

https://www.sciencedirect.com/science/article/pii/S0160412012001985

https://pubs.acs.org/doi/abs/10.1021/acs.est.8b02050

https://ww2.arb.ca.gov/resources/documents/carbs-methodology-estimating-health-effects-air-pollution

https://ww2.arb.ca.gov/resources/documents/carbs-methodology-estimating-health-effects-air-pollution

https://ww2.arb.ca.gov/sites/default/files/2021-12/Slides%20for%20Evaluating%20New%20Health%20Endpoints%20for%20Use%20in%20CARB%E2%80%99s%20Health%20Analyses.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-12/Slides%20for%20Evaluating%20New%20Health%20Endpoints%20for%20Use%20in%20CARB%E2%80%99s%20Health%20Analyses.pdf
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specified (2035 or 2045). The other alternatives are presented in Appendix C (AB 197 Measure 
Analysis).  
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Table 3-7: Estimated avoided incidence of mortality, cardiovascular and respiratory disease onset, work loss days 
and hospital admissions relative to the Reference Scenario for the Scoping Plan Scenario (AB 32 GHG Inventory 
sectors) 
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Deploy ZEVs and 
reduce driving 
demand in 2035 


635 170 70 400 45 1,475 128,930 92,510 95 115 245 40 


Deploy ZEVs and 
reduce driving 
demand in 2045 


1,820 475 200 1,115 135 3,995 343,095 255,800 295 350 745 125 


Coordinate supply of 
liquid fossil fuels 
with declining CA 
fuel demand in 2035 


115 30 15 70 10 275 23,530 16,880 20 20 50 10 
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Coordinate supply of 
liquid fossil fuels 
with declining CA 
fuel demand in 2045 


215 55 25 130 15 490 40,860 30,445 35 40 95 15 


Generate clean 
electricity in 2035 


20 5 0 10 0 45 3,930 2,820 5 5 10 0 


Generate clean 
electricity in 2045 


170 45 20 105 15 385 32,065 23,890 25 30 75 10 


Decarbonize 
industrial energy 
supply in 2035 


300 80 35 190 20 695 60,660 43,520 45 55 115 20 


Decarbonize 
industrial energy 
supply in 2045 


595 155 65 365 45 1,310 111,925 83,435 95 115 245 40 
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Decarbonize 
buildings in 2035 


155 40 15 95 10 360 31,130 22,335 25 30 60 10 


Decarbonize 
buildings in 2045 


1,610 420 175 985 120 3,550 303,830 226,500 260 310 665 115 


Note: All values are rounded to the nearest 0 or 5. 







146 


 


The measures related to reducing non-combustion emissions and compensating for 
remaining emissions do not include changes to fuel combustion and therefore are not 
associated with changes to air pollutants or health endpoints. Biomethane combustion is 
captured in measures that reduce combustion of fossil gas, such as decarbonizing 
industrial energy supply and buildings. 


Although the estimated health outcomes presented are based on a well-established 
methodology, they are subject to uncertainty. For instance, future population estimates 
are subject to increasing uncertainty as they are projected further into the future, and 
baseline incidence rates can experience year-to-year variation. Also, the relationship 
between changes in pollutant concentrations and changes in pollutant or precursor 
emissions is assumed to be approximately proportional.  


In addition, emissions are reported at an air basin level and do not capture local variations. 
These estimates also do not account for impacts from global climate change, such as 
temperature rise, and are only based on the scenarios in this Scoping Plan.  


The fuel changes for each AB 197 measure are estimated based on the impact of each 
measure compared to the Reference Scenario for the years 2035 and 2045. Therefore, 
aggregating the effect of each measure would overestimate the impacts of the Scoping 
Plan Scenario because the implementation of each measure would affect the level of 
benefits of the other measures. This measure-by-measure analysis uses a different 
methodology for calculating health endpoints than does the health analysis for the 
complete Scoping Plan Scenario provided earlier. 


Natural and Working Lands 
Implementation of NWL management strategies to mitigate and adapt to climate change 
will result in both environmental and health benefits. This section provides information 
about the potential health benefits of measures evaluated for the Scoping Plan Scenario. 
For this analysis, health benefit estimates were focused on increases or decreases to 
PM2.5 resulting from wildfire emissions on forests, shrublands, and grasslands.233 Other 
health benefits resulting from NWL management actions in the Scoping Plan Scenario 
are not quantified here but are important for all Californians. This includes, but is not 
limited to, reductions in exposure to synthetic pesticides when switching to organic 
agricultural systems, improvements in shade availability and mental health with 
increasing urban forest cover, improved mental health from opportunities for recreation in 
resilient and healthy environments, and protection from floods and rising sea levels. 


 


 
233 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N11, N14. finalejacrecs.pdf 
(arb.ca.gov). 



https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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These examples are by no means exhaustive, as our natural and working lands provide 
immense health benefits to everyone.  


For this analysis, CARB used the PM2.5 emissions in Table 3-6 to understand potential 
health impacts. This information should be used to understand the relative health 
endpoints of the various measures and should not be taken as absolute estimates of 
health outcomes of this Scoping Plan statewide or within a specific community. The IPT 
methodology was used to calculate health endpoints, similar to the AB 32 GHG Inventory 
Sector analysis. CARB calculated the annual health endpoints associated with the wildfire 
emissions changes resulting from the implementation of management strategies on 
forests, shrublands, and grasslands under each alternative. The annual health endpoints 
associated with emission reductions for the Scoping Plan Scenario were estimated for 
the entire state. Calculated health endpoints include emissions-caused mortality, hospital 
admittance, and emergency room visits from asthma; hospital admittance from chronic 
obstructive pulmonary disease; and emergency room visits from respiratory and 
cardiovascular outcomes. Table 3-8 compares the average annual health endpoints of 
wildfire emission reductions associated with the Scoping Plan Scenario over the period 
2025–2045. The other alternatives are presented in Appendix C (AB 197 Measure 
Analysis).  
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Table 3-8: Estimated average annual avoided incidence of hospital admissions, 
emergency room visits, and mortality relative to the Reference Scenario for the 
Scoping Plan Scenario resulting from forest, shrubland, and grassland wildfire 
emissions (NWL) 


Health Endpoints from Forest, Shrubland, and Grassland 
Wildfire Emissions 


Average Annual 
Avoided 


Incidence 


Hospital admissions from asthma 22 


Hospital admissions from chronic obstructive pulmonary disease 
without asthma 


19 


Hospital admissions from all respiratory outcomes 63 


Emergency room visits from asthma 155 


Emergency room visits from all respiratory outcomes 419 


Emergency room visits from all cardiovascular outcomes 156 


All causes of mortality 394 


Estimated Social Cost  
Social costs are generally defined as the cost of an action on people, the environment, or 
society and are widely used to understand the impact of regulatory actions. One tool, the 
social cost of greenhouse gases (SC-GHG), is an estimate of the present value of the 
costs associated with the emission of GHGs in future years. It combines climate science 
and economics to help understand the benefits of reducing GHG emissions. The 
estimates of the social cost of carbon (SC-CO2) and social cost of methane (SC-CH4), 
two types of SC-GHGs presented here, estimate the value of the net harm to society 
associated with adding GHGs to the atmosphere in a given year; they do not represent 
the cost of actions taken to reduce GHG emissions (known as the cost of abatement) nor 
the cost of GHG emissions reductions. In principle, the SC-GHG includes the value of 
climate change impacts, including but not limited to, changes in net agricultural 
productivity, human health effects, property damage from increased flood risk and other 
natural disasters, disruption of energy systems, risk of conflict, environmental migration, 
and the value of ecosystem services. It reflects the societal value of reducing emissions 
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of the gas in question by one metric ton.234 Many of these damages from GHG emissions 
today will affect economic outcomes throughout the next several centuries. 


In 2008, federal agencies began incorporating SC-CO2 estimates into the analysis of their 
regulatory actions. U.S. EPA has used various models and discount rates to determine 
the value of future impacts. Generally, these models begin with assumptions to predict 
economic activity over time, along with projected GHG emissions. The modeled 
emissions are input into a model of the global climate system, which then translates into 
estimates of surface temperature, sea level rise, and other impacts. These outputs are 
used to estimate economic damages per ton of GHG emitted in a given year in the future. 
Since the models are calculating the present value of future damages, a discount rate is 
applied. For example, the SC-CO2 for the year 2045 represents the value of climate 
change damages from a release of CO2 in 2045 discounted back to today. The present 
value is significantly affected by the discount rate used; a higher discount rate results in 
a lower present value. For example, in 2021 dollars the SC-CO2 in 2045 is $31 using a 5 
percent discount rate, $88 using a 3 percent discount rate, and $122 using a 2.5 percent 
discount rate. Additional detail is included in Appendix C (AB 197 Measure Analysis). 


The 2017 Scoping Plan utilized SC-CO2 and SC-CH4 Obama Administration-era values 
developed by the Council of Economic Advisors and the Office of Management and 
Budget-convened Interagency Working Group on the Social Cost of Greenhouse Gases 
(IWG)235 to consider the social costs of actions to reduce GHG emissions. The Biden 
Administration reinstated these values in February 2021,236 after they had been rescinded 
and significantly revised by the Trump Administration. The reinstatement was considered 
an interim step, and the Biden Administration also reconvened the IWG to continue its 
work to evaluate and incorporate the latest climate science and economic research and 


 


 
234 U.S. Government. Interagency Working Group on Social Cost of Greenhouse Gases. February 2021. 
Technical Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide – Interim Estimates 
under Executive Order 13990. https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf 
235 Originally titled the “Interagency Working Group on the Social Cost of Carbon,” the IWG was renamed 
in 2016. 82 Fed. Reg. 16093, 16095-96 (Mar. 28, 2017). https://www.govinfo.gov/content/pkg/FR-2017-
03-31/pdf/2017-06576.pdf. 
236 Protecting Public Health and the Environment and Restoring Science to Tackle the Climate Crisis, 
Executive Order 13990 (Jan. 20, 2021), 86 Fed. Reg. 7037 (Jan. 25, 2021). 
https://www.energy.gov/sites/default/files/2021/02/f83/eo-13990-protecting-public-health-environment-
restoring.pdf. IWG, Technical Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide 
Interim Estimates Under Executive Order 13990 (February 2021), https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf See 
also, The White House. 2021. A Return to Science: Evidence-Based Estimates of the Benefits of 
Reducing Climate Pollution. https://www.whitehouse.gov/cea/written-materials/2021/02/26/a-return-to-
science-evidence-based-estimates-of-the-benefits-of-reducing-climate-pollution/. 



https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf

https://www.govinfo.gov/content/pkg/FR-2017-03-31/pdf/2017-06576.pdf

https://www.govinfo.gov/content/pkg/FR-2017-03-31/pdf/2017-06576.pdf

https://www.energy.gov/sites/default/files/2021/02/f83/eo-13990-protecting-public-health-environment-restoring.pdf

https://www.energy.gov/sites/default/files/2021/02/f83/eo-13990-protecting-public-health-environment-restoring.pdf

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf.

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf.

https://www.whitehouse.gov/cea/written-materials/2021/02/26/a-return-to-science-evidence-based-estimates-of-the-benefits-of-reducing-climate-pollution/

https://www.whitehouse.gov/cea/written-materials/2021/02/26/a-return-to-science-evidence-based-estimates-of-the-benefits-of-reducing-climate-pollution/
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respond to the National Academies’ recommendations from 2017 as it develops a more 
complete revision of the estimates.  


It is important to note that the models used to produce SC-GHG estimates do not include 
all of the important physical, ecological, and economic impacts of climate change 
recognized in the climate literature. There are additional costs to society, including the 
costs associated with changes in co-pollutants and costs that cannot be included due to 
modeling and data limitations. The IWG has stated that the range of the interim SC-GHG 
estimates likely underestimates societal damages from GHG emissions.237 The revised 
estimates were originally slated to be released in early 2022 but were stalled.238 CARB 
staff is applying the interim values presented in the IWG February 2021 Technical Support 
Document (TSD), which reflect the best available science in the estimation of the 
socioeconomic impacts of GHGs.239 This Scoping Plan utilizes the TSD standardized 
range of discount rates, from 2.5 to 5 percent, to represent varying valuation of future 
damages.  


AB 32 GHG Inventory Sectors 
Table 3-9 presents the estimated social cost, in terms of avoided economic damages, for 
each measure of the Scoping Plan Scenario. For each measure, Table 3-9 includes the 
range of the SC-CO2 and SC-CH4 that results from the GHG emissions reductions in 2035 
and 2045 at 2.5 and 5 percent discount rates. Additional background on the SC-GHG and 
methodology for calculating the SC-CO2 and SC-CH4 estimates in this Scoping Plan, as 
well as estimates for the alternatives, are provided in Appendix C (AB 197 Measure 
Analysis).  


 


 
237 Interagency Working Group on Social Cost of Greenhouse Gases. 2021. Technical Support 
Document. https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf 
238 See Louisiana v. Biden (W.D. La. 2022) 585 F.Supp.3d 840, stayed pending review (5th Cir. Mar. 16, 
2022) 2022 WL 866282. A federal district court ruling issued in early February 2022 had granted a 
preliminary injunction blocking the Biden Administration from using the interim IWG SC-GHG estimates. 
However, a federal appeals court overturned the lower court’s preliminary injunction in March 2022, which 
allows the Biden Administration to continue using the policy as legal proceedings continue. CARB will 
continue to monitor the litigation. However, the federal action does not prohibit CARB from using social 
cost of carbon and CARB will use the best available science regardless of politics. A separate federal 
appeals court upheld the Biden administration’s use of the IWG SC-GHG estimates in October 2022. 
Missouri v. Biden (8th Cir. 2022) ____ F.4th ____. 
239 Interagency Working Group on Social Cost of Greenhouse Gases. 2021. Technical Support 
Document. https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf 



https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
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Table 3-9: Estimated social cost (avoided economic damages) of measures 
considered in the Scoping Plan Scenario (AB 32 GHG Inventory sectors) 


Measure Social Cost of Carbon in 
2035, 5%–2.5%  
Discount Rate 


Billion USD (2021 
dollars) 


Social Cost of Carbon in 
2045, 5%–2.5%  
Discount Rate 


Billion USD (2021 
dollars) 


Deploy ZEVs and reduce driving demand  1.12–4.87 2.64–10.23 


Coordinate supply of liquid fossil fuels 
with declining California fuel demand 


0.61–2.63 0.95–3.67 


Generate clean electricity 0.20-0.88 0.97–3.75 


Decarbonize industrial energy supply 0.23–1.01 0.69–2.67 


Decarbonize buildings 0.35–1.52 1.11–4.32 


Reduce non-combustion emissions 0.51–1.29 (SC-CH4) 0.86–2.01 (SC-CH4) 


Compensate for remaining emissions 0.61–2.66 2.03–7.84 


Scoping Plan Scenario SC-CO2 


Scoping Plan Scenario SC-CH4 


Scoping Plan Scenario (Total)a 


2.4–10.4 


0.51–1.3 


2.9–11.7 


5.6–21.9 


0.86–2.0 


6.5–23.9 


a CARB staff could not precisely separate some CO2 and CH4 from other GHGs from PATHWAYS 
outputs, but the contribution is believed to be small for purposes of calculating the social cost of carbon. 
The approach used to estimate GHG emissions reductions for individual measures in PATHWAYS does 
not reflect cross-sector interactions. Therefore, the GHG values for each measure do not sum to the 
overall scenario total. The total GHG emissions reduction used in this calculation is 97 MMTCO2e in 
2035 and 180 MMTCO2e in 2045. 


 


Natural and Working Lands 
The SC-CO2 estimates for the NWL measures shown in Table 3-10, in terms of avoided 
economic damages, reflect 2021 IWG interim values, updated for inflation, similar to the 
AB 32 GHG Inventory Sector analysis. This analysis utilizes the 2.5 percent and 5 percent 
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discount rate and the average annual emissions reductions from each NWL type from 
2025–2045. Estimates for all alternatives are included in Appendix C (AB 197 Measure 
Analysis). 


Table 3-10: Estimated social cost (avoided economic damages) of measures 
considered in the Scoping Plan Scenario (NWL) 


Measure Social Cost of Carbon in 
2035, 5%–2.5%  
Discount Rate 


Billion USD  
(2021 dollars) 


Social Cost of Carbon in 
2045, 5%–2.5%  
Discount Rate 


Billion USD  
(2021 dollars) 


Forests/Shrublands/Grasslands 0.003–0.012 0.004–0.014 


Annual Croplands 0.006–0.027 0.008–0.031 


Perennial Croplands <0.001–0.001 0.000–0.001 


Urban Forest 0.032–0.138 0.041–0.157 


Wildland Urban Interface (WUI) (0.018) – (0.080)a (0.023) – (0.090) 


Wetlands 0.011–0.046 0.014–0.053 


Sparsely Vegetated Lands <0.001 <0.001 


a Parentheses indicate an increase in estimated social cost, i.e., an increase in economic damages. This 
is only the case for WUI measures where emissions are increased, shown in Table 3-6. The estimated 
social cost does not account for the decrease in wildfire risk or decrease in wildfire damages resulting 
from the WUI measures. 
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Social Costs of GHGs in Relation to Cost-Effectiveness 
AB 32 includes a requirement that rules and regulations “achieve the maximum 
technologically feasible and cost-effective” greenhouse gas emissions reductions.240 
Under AB 32, cost-effectiveness means the relative cost per metric ton of various GHG 
reduction strategies,241 which is the traditional cost metric associated with emission 
control. In contrast, the SC-CO2, SC-CH4, and social cost of nitrous oxide (SC-N2O), 
because they are estimates of the cost to society of additional GHG emissions, can be 
used to estimate of the economic benefits of reducing emissions, but do not take into 
account the cost of the actions that must be taken to achieve those GHG emissions 
reductions. 


There may be technologies or policies that do not appear to be cost-effective when 
compared to the SC-CO2, SC-CH4, and SC-N2O associated with GHG reductions. 
However, these technologies or policies may result in other benefits that are not reflected 
in the IWG social costs. Examples include the evaluation of social diversification of the 
portfolio of transportation fuels (a goal outlined in the Low Carbon Fuel Standard) and 
reductions in criteria pollutant emissions from power plants (as in the Renewables 
Portfolio Standard). Additionally, costs for new technology may be higher early on in a 
technology’s development cycle and may drop over time as use of the technology is 
scaled up.  


Estimated Cost per Metric Ton  
AB 197 requires an estimation of the cost-effectiveness of the measures evaluated for 
this Scoping Plan. The cost (or savings)242 per metric ton of CO2e reduced for each 
measure is one metric for comparing the performance of the measures. Additional factors 
beyond the cost per metric ton that could be considered include continuity with existing 
laws and policies, implementation feasibility, contribution to fuel diversity and technology 
transformation goals, and health and other benefits to California. These considerations 
are not reflected in the cost per metric ton estimates presented below. It is important to 
understand the relative cost-effectiveness of individual measures as presented in this 
section. However, the economic analysis presented earlier in this chapter, in Appendix H 


 


 
240 AB 32 Air pollution: greenhouse gases: California Global Warming Solutions Act of 2006. (AB 32, 
Nuñez, Chapter 488, Statutes of 2006). 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB32.  
241 Health & Saf. Code § 38505(d). 
242 Similarly, to the direct costs reported earlier, the cost per metric ton of a measure reflects the stock 
costs and any fuel or efficiency savings associated with a measure divided by the GHG emission 
reduction achieved by the measure. Costs are reported as positive values, and savings are reported as 
negative values. 



https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB32
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(AB 32 GHG Inventory Sector Modeling), and in Appendix I (NWL Technical Support 
Document) provides a more comprehensive analysis of how the Scoping Plan Scenario 
and alternative scenarios affect the state’s economy and jobs. 


AB 32 GHG Inventory Sectors 
The cost per metric ton for the AB 32 GHG Inventory sectors was computed for each 
measure independently relative to the Reference Scenario using the sensitivity 
calculations based on PATHWAYS and RESOLVE outputs. The difference in the 
annualized cost between the Scoping Plan Scenario and the Reference Scenario was 
computed for each measure in 2035 and in 2045. The incremental cost was divided by 
the incremental GHG emissions impact to calculate the cost per metric ton in each year. 
To capture the fuel and GHG impacts of investments made from 2022 through 2035, or 
from 2022 through 2045, CARB computed an average annual cost per metric ton. The 
incremental cost in each year was averaged over the period. This value is divided by the 
corresponding annual, incremental GHG impact averaged over the same period. 


The cost metric includes the annualized incremental cost of energy infrastructure, such 
as zero-emission vehicles, electric appliances, and required revenue to support all electric 
assets. A residual value for equipment such as vehicles or appliances that are retired 
early is included. The annual fuel cost or avoided fuel cost that results from efficiency 
improvements or changes to demand for fuels associated with transitioning to alternative 
fuels is included. Not included in this cost metric are costs that represent transfers within 
the state, such as incentive payments for early retirement of equipment. 


It is important to note that this cost per metric ton does not represent an expected market 
price value for carbon mitigation associated with these measures. In addition, the values 
do not capture fuel savings or GHG reductions associated with the full economic lifetime 
of measures that have been implemented by the target date of 2035 or 2045 but whose 
impacts extend beyond the target date. 


Table 3-11 includes the cost per metric ton and annual average cost per metric ton 
estimates for the Scoping Plan Scenario. The other alternatives are presented in 
Appendix C (AB 197 Measure Analysis). Measures that are relatively less costly in 2035 
or 2045 are also less costly over the extended period. As noted earlier, incremental costs 
of new vehicles are generally offset by gains in efficiency and avoided fuel consumption 
resulting in negative cost per metric ton.  
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Table 3-11: Estimated cost per metric ton of reduced CO2e relative to the Reference 
Scenario for measures considered in the Scoping Plan Scenario (AB 32 GHG 
Inventory sectors) 


Measure Annual 
Cost, 2035  


($/ton) 


Average 
Annual Cost, 


2022–2035 
($/ton) 


Annual 
Cost, 2045  


($/ton) 


Average 
Annual Cost, 


2022–2045 
($/ton) 


Deploy ZEVs and reduce driving 
demand  


-171  -99 -103  -122 


Coordinate supply of liquid fossil 
fuels with declining CA fuel demand 


60  109 -50  39 


Generate clean electricitya 101  156  145  161 


Decarbonize industrial energy 
supply 


 290  217  257  274 


Decarbonize buildings 235 230 112 213 


Reduce non-combustion emissions 93 94 106 99 


Compensate for remaining 
emissions 


745 823 236 485 


a Note: The denominator of this calculation (2045) does not include GHG reductions occurring outside of 
California resulting from SB 100. If these reductions were included, this number would be lower. 


 


Natural and Working Lands 
The cost per metric ton for NWL measures were computed for the Scoping Plan Scenario 
relative to the Reference Scenario using the projected carbon stock/sequestration data 
from the NWL modeling and the direct cost estimates for each management action, 
described earlier. Direct costs represent the cost of implementing a certain management 
action. The projected emissions reductions take into account the loss of carbon that 
results from the management action, such as fuels reduction treatments in forests, as well 
as climate change effects on growth. The direct cost for each NWL measure was divided 
by the average annual emission reductions presented in Table 3-6 to produce the cost 
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per metric ton. The increasing effect of climate change on diminished future growth 
reduces the ability of the land to sequester or store carbon, driving up the cost per ton. 


It is important to note that this cost per metric ton does not represent an expected market 
price value for carbon mitigation associated with these measures. In addition, emissions 
benefits of NWL management actions often take longer time periods to accrue, and these 
values only capture GHG reductions up to 2045.  


Table 3-12 includes the average cost per metric ton estimates for the average annual 
CO2e reductions from 2025 through 2045 for the Scoping Plan Scenario. The other 
alternatives are presented in Appendix C (AB 197 Measure Analysis). 


  


Table 3-12: Estimated average cost per metric ton of reduced CO2e relative to the 
Reference Scenario for measures considered in the Scoping Plan Scenario (NWL) 


Measure Average Cost per Reduced 
Ton CO2e ($/Ton) 


Forests/Shrublands/Grasslands 15,500 


Annual Croplands 1,100 


Perennial Croplands 412 


Urban Forest 3,270 


Wildland Urban Interface (WUI) N/A 


Wetlands 64 


Sparsely Vegetated Lands 451,000 
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Climate Vulnerability Metric 
As California invests in climate mitigation and adaptation, it is essential to understand that 
the relative impact of climate change will vary across the state’s communities. Due to 
persisting health and opportunity gaps, not all communities are equally resilient in the 
face of climate impacts. A global metric such as the Social Cost of Carbon cannot 
adequately capture the incremental additional economic impact faced by overly burdened 
communities. The Climate Vulnerability Metric (CVM) is specifically focused on 
quantifying the community-level impacts of a warming climate on human welfare and the 
additional costs. Additional details and results are included in Appendix K (Climate 
Vulnerability Metric).  


The CVM aggregates the impacts of climate change that can be quantified at the census 
tract level using robust and currently available research. The CVM includes the projected 
impacts of climate change on human welfare across four categories (hours worked, 
household energy costs, human mortality, and flood-related property damage) through 
midcentury. The CVM identifies nine components of the four climate impacts as shown in 
Figure 3-9 and aggregates the data to generate a total CVM result for each census tract. 
To ensure that the CVM represents the diversity of California communities, it is reported 
as the aggregate monetized impact of climate change as a percentage of census tract-
specific incomes.243 For example, a CVM value of 3 implies that by 2050, a census tract 
is projected to experience human welfare impacts of climate change that amount to 3% 
of annual income in that tract.  


 


 
243 Per capita income in 2019 for census tracts across California ranges from $633 to $176,388, with a 
median of $32,181 ($2019). Source: American Community Survey. 







158 


 


Figure 3-9: Categories of climate change impacts on human welfare included in the 
Climate Vulnerability Metric. 


 
The CVM shows that climate change will have highly unequal impacts across California. 
While some southeastern regions of California are estimated to suffer damages that 
exceed 5% of annual income, other high-elevation northeastern regions of California are 
estimated to see benefits of up to 10%. Some low-lying urban areas, such as the San 
Francisco Bay Area, are estimated to be particularly vulnerable, while much of the Central 
Valley is estimated to suffer at least moderate economic damages relative to the rest of 
the state. It is important to note that the CVM does not set a threshold for vulnerability. 
Instead, it shows relative impacts across census tracts. The CVM is limited to the impacts 
that can currently be quantified at the census tract level.  
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Figure 3-10: Combined impacts of climate change in 2050 under a moderate 
emissions scenario; damages as share of 2019 tract income (%) 


 
By providing information about how climate vulnerability varies across California (Figure 
3-10), the CVM results can be used to direct resources to enhance resiliency in the state’s 
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most vulnerable communities based on the specific impacts, such as heat or flooding, 
they are experiencing. The CVM may be used in combination with existing screening 
tools, such as CalEnviroScreen 4.0, to identify communities that face environmental and 
health hazards that contribute to disproportionate economic impacts in addition to climate 
vulnerability. The CVM can become an essential source of information to implement this 
Scoping Plan and build a more resilient, just, and equitable future for all communities. 


Public Health 
Health Analysis Overview 
This section focuses on a broader evaluation of public health and climate change. 
Science demonstrates that taking action to address climate change presents one of the 
most significant opportunities to improve public health outcomes.244 Transitioning to clean 
energy and technology and improving land and ecosystem management will lead to a 
much healthier future. Many actions to reduce GHG emissions also have health co-
benefits that can improve the health and well-being of populations across the state, as 
well as address climate change. This section and the accompanying Appendix G (Public 
Health) provide a qualitative analysis of health benefits to accompany the quantitative 
health analysis included in this chapter, in Appendix C (AB 197 Measure Analysis), and 
in Appendix H (AB 32 GHG Inventory Sector Modeling). Together the qualitative and 
quantitative analyses of benefits are demonstrating the many ways that climate action 
and health improvements go hand in hand. 


Climate change can lead to a wide range of direct health impacts such as increased heat-
related illnesses (i.e., heat exhaustion and heat stroke), and injuries and deaths from 
extreme weather events or disasters (e.g., severe storms, flooding, wildfires). Indirect 
impacts include: 


• more air pollution-related exacerbations of cardiovascular and respiratory 
diseases (e.g., due to increased smog, wildfire smoke) 


• increased vector-borne and fungal diseases due to changes in the distribution and 
geographic range of disease-carrying species (e.g., mosquitoes, ticks, fungi in 
dust) 


• negative nutritional consequences related to decreases in agricultural food yields 
• stress and mental trauma due to extreme weather-related catastrophes 
• anxiety, depression, and other mental health impacts associated with gradual 


changes in the climate (e.g., prolonged drought or temperature shifts affecting jobs 
and industries) that result in unemployment and income loss 


 


 
244 Watts, N., W. N. Adger, P. Agnolucci, et al. 2015. “Health and climate change: Policy responses to 
protect public health.” Lancet 386, 1861–1914. 
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• residential displacement and home loss (e.g., sea level rise impacting coastal 
communities) 


Wildfires and wildfire smoke are one area where we have already seen and expect to see 
even further drastic impacts on the health of Californians. According to CalFire, since 
1932 the top eight largest wildfires in California have occurred in the past five years 
(2017–2022), with 151 deaths due directly to fires during that period.245 Researchers 
estimate that wildfire smoke during fall 2020 may have led to as many as 3,000 excess 
deaths, with at least 95% of Californians suffering unhealthy levels of particle pollution 
due to wildfires in 2020.246 Continued climate change is projected to further increase 
smoke exposure from wildfires through the end of the century.247 Wildfires also create a 
high-risk environment for outdoor workers, including agricultural workers. While the direct 
medical and physical health impacts are often most noticeable, the psychological impacts 
can develop and persist well after the event. Estimates indicate that 20%–65% of 
survivors of extreme weather events have mental health issues following the event.248  


Extreme heat, drought, and associated worsened air quality impacts are among the most 
serious climate-related exposures affecting the health of Californians. Numerous studies 
find a wide range of adverse health effects accompanying extreme heat, including heat 
stroke and adverse birth outcomes, and find that extreme heat can harm most body 
systems. Climate change exacerbates air pollution problems that cause difficulty 
breathing and can lead to serious illness and death in many parts of California. Increasing 
temperatures cause increases in ozone and other pollution concentrations, including for 
California’s most polluted regions, and heighten health risks for the vulnerable and 
marginalized populations living in these areas.249 In 2020, there were 157 ozone polluted 
days across Los Angeles, Orange, Riverside, and San Bernardino Counties—the most 
days since 1997. In addition, particulate matter exposure is a heightened problem during 


 


 
245 California Department of Forestry and Fire Protection (CAL FIRE). “Stats and Events.” Cal Fire 
Department of Forestry and Fire Protection, https://www.fire.ca.gov/stats-events/. 
246 G-FEED. 2020. Indirect mortality from recent wildfires in CA. http://www.g-feed.com/2020/09/indirect-
mortality-from-recent.html.  
247 M. D. Hurteau, A. L. Westerling, C. Wiedinmyer, and B. P. Bryant. 2014. “Projected effects of climate 
and development on California wildfire emissions through 2100.” Environ. Sci. Technol. 48, 2298–2304. 
248 American Public Health Association. 2019. Addressing the Impacts of Climate Change on Mental 
Health and Well-Being. Policy No: 20196. https://www.apha.org/policies-and-advocacy/public-health-
policy-statements/policy-database/2020/01/13/addressing-the-impacts-of-climate-change-on-mental-
health-and-well-being. 
249 American Lung Association. State of the Air 2021. https://www.lung.org/research/sota. 



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.fire.ca.gov%2Fstats-events%2F&data=05%7C01%7Cbonnie.holmes-gen%40arb.ca.gov%7C8c7e04f30a9842720fec08da2f08a10b%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C637874011353535003%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=1LnTOtP2LQVL6tyEK8zbJfW%2BRE09kq2WVLJuM8qvvd8%3D&reserved=0

http://www.g-feed.com/2020/09/indirect-mortality-from-recent.html

http://www.g-feed.com/2020/09/indirect-mortality-from-recent.html

https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2020/01/13/addressing-the-impacts-of-climate-change-on-mental-health-and-well-being

https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2020/01/13/addressing-the-impacts-of-climate-change-on-mental-health-and-well-being

https://www.apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2020/01/13/addressing-the-impacts-of-climate-change-on-mental-health-and-well-being

https://www.lung.org/research/sota
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droughts, which are expected to increase over this century.250,251 Worse air quality leads 
to illnesses, emergency room visits, and hospitalizations for chronic health conditions, 
including chronic obstructive pulmonary disease (COPD), asthma, chronic bronchitis, and 
other respiratory and cardiovascular conditions, as well as increased risk for respiratory 
infections, which all result in greater health costs to the state.252,253,254 These and other 
climate-related health impacts are discussed in more detail in Appendix G (Public Health). 


Health Analysis Components  
This Scoping Plan health analysis focuses on the contrast between a California that is 
still dependent on a fossil fuel-based economy and a California that is transitioned to a 
carbon-neutral, clean energy future. This qualitative analysis evaluates and demonstrates 
the broad range of benefits of a dramatic reduction in fossil fuels by 2045 combined with 
healthier ecosystem management, comparing health outcomes for a “no-action” scenario 
(Reference) to a “take-action” decarbonization scenario. As this is a qualitative analysis, 
it looks more broadly at the public health benefits of a drastic reduction in fossil fuel 
combustion. While this analysis provides scientific evidence for Scoping Plan benefits 
based on achieving carbon neutrality by 2045, it does not analyze a specific scenario.  


The key areas of focus for the analysis are: heat impacts, children’s health and 
development, economic security, food security, mobility and physical activity, urban 
greening, wildfires and smoke impacts, and housing affordability. For each area of focus, 
the analysis covers the scientific evidence and compares expected health effects 
between the Reference and decarbonization scenarios. This analysis looks at the major 
health outcomes, provides directional effects for each health outcome, and where 
possible provides information on the strength and scale of health impacts. Some areas 
include quantitative information where tools are available to measure health outcomes. 
While the analysis is focused on health outcomes statewide, it also includes discussion 


 


 
250 Cvijanovic, I., B. D. Santer, C. Bonfils, et al. 2017. “Future Loss of Arctic Sea-ice Cover Could Drive a 
Substantial Decrease in California’s Rainfall.” 8 Nat. Commun. 1947. https://doi.org/10.1038/s41467-017-
01907-4. 
251 Williams, A. P., R. Seager, J. T. Abatzoglou, B. I. Cook, J. E. Smerdon, and E. R. Cook. 2015. 
“Contribution of anthropogenic warming to California drought during 2012–2014.” Geophysical Research 
Letters 42(16), 6819–6828. 
252 Romley, J. A., A. Hackbarth, and D. P. Goldman. 2010. Cost and Health Consequences of Air 
Pollution in California. Santa Monica, California. RAND Corp. 
https://www.rand.org/pubs/research_briefs/RB9501.html.  
253 Wang, M., C. P. Aaron, J. Madrigano, E. A. Hoffman, E. Angelini, J. Yang, A. Laine, et al. 2019. 
“Association between long-term exposure to ambient air pollution and change in quantitatively assessed 
emphysema and lung function.” JAMA 322(6), 546–556.  
254 Inserro, A. 2018.“Air Pollution Linked to Lung Infections, Especially in Young Children.” Am. J. 
Managed Care (May 6). https://www.ajmc.com/view/air-pollution-linked-to-lung-infections-especially-in-
young-children.  



https://doi.org/10.1038/s41467-017-01907-4

https://doi.org/10.1038/s41467-017-01907-4

https://www.rand.org/pubs/research_briefs/RB9501.html

https://www.ajmc.com/view/air-pollution-linked-to-lung-infections-especially-in-young-children

https://www.ajmc.com/view/air-pollution-linked-to-lung-infections-especially-in-young-children
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of benefits to community health and climate resilience, as well as potential inequities 
experienced at a community level. Figure 3-11 shows the co-benefit areas covered in this 
Scoping Plan and the path to health improvements and increased community resilience. 


Figure 3-11: Scoping Plan outcome and the path to health improvements 


 
  


Increased Community Resilience


Health Benefits
Reductions in Cardiovascular, Respiratory, and Chronic Illness; Increases in Physical 


Health, Positive Mental and Brain Health, and Improved Birth Outcomes


Pathways to Health
Reduce Traffic Pollution, Heat, and Wildfire Smoke; Increase Mobility and Physical 


Activity, Urban Greening, Affordable Housing, Food and Economic Security, and Equity


Scoping Plan Vision


Decarbonization By 2045
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Social and Environmental Determinants of Health Inequities 
Communities across the state do not experience exposure to pollution sources and the 
resulting effects equally. Low-income communities and communities of color (including 
Black, Latino and Indigenous communities) consistently experience significantly higher 
rates of pollution and adverse health conditions than others due to factors including 
historic marginalization rooted in systemic racism. As shown in Figure 3-12, the most 
impacted neighborhoods according to CalEnviroScreen (CES) are home to very high 
percentages of people of color while the least impacted neighborhoods are predominantly 
white. Recent findings show that Black Californians have 19% higher PM2.5 exposure from 
vehicle emissions than the state average, and the census tracts with the highest PM2.5 
pollution burden from vehicle emissions have a high proportion of people of color.255 Air 
pollutant emissions from mobile sources have disproportionate impacts on low-income 
communities and communities of color due to their proximity.256 Diesel-fueled vehicles 
traveling on California’s freeways and major roads expose nearby residents to pollution 
that is linked to lung cancer, hospitalizations and emergency department visits for chronic 
heart and lung disease, and premature death.257,258 A combination of historical and social 
inequities are evident in communities of color disproportionately living close to freeways 
and other major sources of vehicle pollution. Environmental exposures and contaminants 
are one component of a broader set of social, economic, and environmental factors that 
can amplify health conditions, and the combination of all these factors can compound the 
health effects of individual exposures. This broader set of community factors can be 
referred to as “cumulative impacts.” In addition, specific populations are more sensitive 
to pollution and face greater susceptibility. This includes young children, older adults, and 
individuals with existing health conditions. 


 


 
255 Reichmuth, D. 2019. Inequitable exposure to air pollution from vehicles in California. 
https://www.ucsusa.org/resources/inequitable-exposure-air-pollution-vehicles-california-2019.  
256 CARB. 2017. California’s 2017 climate change scoping plan. 
https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf.  
257 CARB. 2020. Overview: Diesel exhaust & health. https://ww2.arb.ca.gov/resources/overview-diesel-
exhaust-and-health.  
258 Kagawa, J. 2002. “Health effects of diesel exhaust emissions—a mixture of air pollutants of worldwide 
concern.” Toxicology 181–182:349–353. 



https://www.ucsusa.org/resources/inequitable-exposure-air-pollution-vehicles-california-2019

https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf

https://ww2.arb.ca.gov/resources/overview-diesel-exhaust-and-health

https://ww2.arb.ca.gov/resources/overview-diesel-exhaust-and-health
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Figure 3-12: Least and most impacted neighborhoods from CalEnviroScreen259 


 
Social Determinants of Health Inequities 


The physical and mental health of individuals and communities is shaped, to a great 
extent, by the social, economic, and environmental circumstances in which people live, 
work, play, and learn. According to the World Health Organization, these same 
circumstances—or social determinants of health—are “mostly responsible for health 
inequities: the unfair and avoidable differences in health status seen within and between 
countries.” In fact, a strong body of research demonstrates that more than 50 percent of 
long-term health outcomes are the result of social determinants affecting an individual.260 
Race/ethnicity and socioeconomic status, for example, have been found to amplify 
impacts from long- and short-term environmental exposures for several health outcomes, 


 


 


259 The figure represents the top and bottom decile scoring of CalEnviroScreen census tracts for pollution 
burden. This chart is modified from Figure 2. Race in the Least and Most Impacted Census Tracts of 
CalEnviroScreen 4.0 in the Office of Environmental Health Hazard Assessment, California Environmental 
Protection Agency. Analysis of Race/Ethnicity and CalEnviroScreen 4.0 Scores. 2021. 
https://oehha.ca.gov/media/downloads/calenviroscreen/document/calenviroscreen40raceanalysisf2021.p
df. 
260 California Department of Public Health (CDPH). 2015. The Portrait of Promise: The California 
Statewide Plan to Promote Health and Mental Health Equity. A Report to the Legislature and the People 
of California by the Office of Health Equity. Sacramento, California. California Department of Public 
Health, Office of Health Equity. 



https://oehha.ca.gov/media/downloads/calenviroscreen/document/calenviroscreen40raceanalysisf2021.pdf

https://oehha.ca.gov/media/downloads/calenviroscreen/document/calenviroscreen40raceanalysisf2021.pdf
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such as mortality and birth outcomes.261,262,263,264 Social factors combine in low-income 
communities and communities of color to create levels of toxic chronic stress and limit 
opportunities for healthy food and healthy lifestyles. Social factors also can cause health 
disparities through psychosocial pathways such as discrimination and social exclusion.265 
While the importance of social determinants is well known, measuring the specific and 
cumulative impacts of social determinants is challenging. 


There are several important tools to evaluate and map cumulative impacts and factors 
contributing to the results of historical practices such as redlining, and these tools have 
been used for air quality and climate planning, community protection, and investments. 
CalEnviroScreen is a tool that maps cumulative pollution burdens and vulnerabilities on 
a statewide basis and ranks census tracts based on environmental, exposure, population, 
and socioeconomic indicators. An analysis using CES shows a direct, persistent 
relationship between exposure to environmental burdens and socioeconomic and health 
vulnerabilities affecting communities of color and historical redlining practices. OEHHA 
has evaluated health impacts of certain climate change policies on disadvantaged 
communities and communities of color utilizing CES rankings.266 The Healthy Places 
Index (HPI) maps indicators that affect life expectancy on a statewide basis. In the future, 
these and other tools can be helpful to prioritizing investments and informing 
implementation efforts for GHG emission reductions policies.  


Environmental Determinants of Health Inequities 
Communities with large percentages of Black and other socially vulnerable and 
marginalized groups are disproportionately located near pollution sources, such as traffic 


 


 
261 O’Neill, M. S., M. Jerrett, I. Kawachi, J. I. Levy, A. J. Cohen, N. Gouveia, et al. 2003. “Health, wealth, 
and air pollution: Advancing theory and methods.” Environ Health Perspect. 111 (16): 1861–70. 
262 Ponce, N. A., K. J. Hoggatt, M. Wilhelm, and B. Ritz. 2005. “Preterm birth: The interaction of traffic-
related air pollution with economic hardship in Los Angeles neighborhoods.” Am J Epidemiol. 162 (2): 
140–8. 
263 Morello-Frosch, R., B. Jesdale, J. Sadd, and M. Pastor. 2010. “Ambient air pollution exposure and full-
term birth weight in California.” Environ Health. 9: 44. 
264 Finkelstein, M. M., M. Jerrett, P. DeLuca, N. Finkelstein, D. K. Verma, K. Chapman, et al. 2003. 
“Relation between income, air pollution, and mortality: A cohort study.” CMAJ. 169 (5): 397–402. 
265 Clougherty, J., and L. Kubzansky. 2009. “A framework for examining social stress and susceptibility in 
air pollution and respiratory health.” Environ Health Perspect. 117 ( 9 ): 1351–8. 
266 OEHHA. 2022. Impacts of Greenhouse Gas Emission Limits Within Disadvantaged Communities. 
https://oehha.ca.gov/media/downloads/environmental-justice//impactsofghgpoliciesreport020322.pdf. 
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and freight facilities, industrial facilities, and hazardous waste sites.267,268,269,270 Research 
shows large disparities in exposure to pollution between white and non-white populations 
in California, and between low-income and communities of color (Figure 3-13). The 
research also shows Black and Latino populations experience significantly greater air 
pollution impacts than white populations in California.271 Additionally, Native Americans 
are disproportionately impacted by air pollution with high rates of exposure to industrial, 
diesel, and residential pollution sources and higher rates of diseases linked to air 
pollution.272, 273 


 


 
267 Mohai. P., P. M. Lanz, J. Morenoff, J. S. House, and R. P. Mero. 2009. “Racial and socioeconomic 
disparities in residential proximity to polluting industrial facilities: Evidence from the Americans’ Changing 
Lives Study.” Am J Public Health. 99 (Suppl 3): S649–56. 
268 Mohai, P., and R. Saha. 2007. “Racial inequality in the distribution of hazardous waste: A national-level 
reassessment.” Soc Probl. 54 (3): 343–70. 
269 Morello-Frosch, R., M. Pastor, C. Porras, and J. Sadd. 2002. “Environmental justice and regional 
inequality in southern California: Implications for future research.” Environ Health Perspect. 110 (Suppl 2): 
149–54. 
270 Gunier, R. B., A. Hertz, J. von Behren, and P. Reynolds. 2003. “Traffic density in California: 
Socioeconomic and ethnic differences among potentially exposed children. J Expo Anal Environ 
Epidemiol. 13 (3): 240–6. 
271 Apte, J. S., S. E. Chambliss, C. W. Tessum, and J. D. Marshall. 2019. A Method to Prioritize Sources 
for Reducing High PM2.5 Exposures in Environmental Justice Communities in California. CARB Research 
Contract Number 17RD006. 
272 Indigenous People and Air Pollution in the United States. A Report from the National Tribal Air 
Association and Moms Clean Air Force. 2021. https://7vv611.a2cdn1.secureserver.net/wp-
content/uploads/2021/04/indigenousairpollution_041421.pdf  
273 National Tribal Air Association. 2022. Status of Tribal Air Report. Pg. 66. 
https://7vv611.a2cdn1.secureserver.net/wp-content/uploads/2022/10/2022-NTAA-Status-of-Tribal-Air-
Report.pdf. 
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Figure 3-13: Top sources of PM2.5 and their contribution to PM2.5 exposures by race 
and in disadvantaged communities 


 


These disparities in exposure to pollution sources generate health inequities. 
Communities located near major roadways are at increased risk of asthma attacks and 
other respiratory and cardiac effects. Studies consistently show that mobile source 
pollution exposure near major roadways or freight sources contributes to and exacerbates 
asthma, impairs lung function, and increases cardiovascular mortality.274 The exposure 
to mixtures of gaseous and particulate pollutants in mobile sources (including PM, NOx, 
and benzene) is associated with higher rates of heart attacks, strokes, lung cancer, 
autism, and dementia.275  


Environmental hazards found in communities also can include exposures to toxic 
substances and emissions, as well as occupational exposures. Due to historical 
inequities, under-resourced communities and communities of color are often located 
close to sources of toxic pollution, including chrome platers; metal recycling facilities; oil 
and gas operations; agricultural burning; railyards; facilities transporting, managing, or 
disposing of hazardous waste; and areas impacted by pesticides, among others. Some 
populations may be at increased risk of exposure to pollutants, both at work and home. 


Children are more susceptible to environmental pollutants for many reasons, including 
the ongoing development of their nervous, immune, digestive, and other bodily systems. 
Moreover, children eat more food, drink more fluids, and breathe more air relative to their 


 


 
274 U.S. Environmental Protection Agency website. How Mobile Source Pollution Effects Your Health. 
https://www.epa.gov/mobile-source-pollution/how-mobile-source-pollution-affects-your-health.  
275 USC Environmental Health Centers. 2018. Living Near Busy Roads or Traffic Pollution. 
https://envhealthcenters.usc.edu/wp-content/uploads/2016/10/living-near-bus_19696172.pdf. 



https://www.epa.gov/mobile-source-pollution/how-mobile-source-pollution-affects-your-health

https://envhealthcenters.usc.edu/wp-content/uploads/2016/10/living-near-bus_19696172.pdf
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body weight, as compared to adults.276 Exposure to high levels of air pollutants, including 
indoor air pollutants, increases the risk of respiratory infections, heart disease, and 
asthma.277 Children living in low-income communities near industrial operations, rail 
yards, and heavily trafficked freeways and streets in urban areas are at especially high 
risk of chronic respiratory conditions. Black children are four times more likely to be 
hospitalized for asthma compared with white children, and urban Black and Latino 
children are two to six times more likely to die from asthma than white children.278 Native 
American children also experience more impacts from asthma and Native American 
children, along with Black children, have the highest prevalence of asthma.279 


For older adults, increased vulnerability is linked to respiratory, cardiovascular, and 
immune systems weakened by aging.280 Preexisting health conditions interact with 
environmental pollutants to enhance risks of adverse health outcomes.281,282 The recent 
COVID-19 pandemic has highlighted the heightened vulnerability of older adults as well 
as communities of color to respiratory disease, as hospital admissions and mortality data 
linked to COVID-19 cases for these groups have been higher than other groups. 
Research has also underscored the important link between COVID-19 mortality and 
morbidity and air pollution, demonstrating significantly higher mortality and morbidity for 
COVID-19 in areas of elevated PM2.5 pollution. 


Climate Vulnerabilities 
Climate change is expected to exacerbate the existing disparities of health conditions and 
worsen climate vulnerability, which is the degree to which natural systems and people or 


 


 
276 Blaisdell, R. J. Air Toxics Hot Spots Program Risk Assessment Guidelines. 2012. Technical Support 
Document for Exposure Assessment and Stochastic Analysis. Oakland, California: California 
Environmental Protection Agency, Office of Environmental Health Hazard Assessment. August.  
277 Woodruff, T. J., D. A. Axelrad, A. D. Kyle, O. Nweke, and G. G. Miller. 2003. America’s Children and 
the Environment: Measures of Contaminants, Body Burdens, and Illness. 2nd ed. Washington, D.C.: 
United States Environmental Protection Agency. February. 
278 California Department of Public Health. Asthma Inequities in California Children. 2021. 
https://www.cdph.ca.gov/Programs/CCDPHP/DEODC/EHIB/CPE/CDPH%20Document%20Library/CA_A
sthma_Inequities_Children_2021-Infographic.pdf.  
279 Meng, Y., S. H. Babey, T. A. Hastert, and E. Brown. 2007. California’s Racial and Ethnic Minorities 
More Adversely Affected by Asthma. UCLA: Center for Health Policy Research. Retrieved from 
https://escholarship.org/uc/item/4k45v3xt. 
280 Sandström, T., A. J. Frew, M. Svartengren, and G. Viegi. 2003. “The need for a focus on air pollution 
research in the elderly.” Eur Respir J Suppl. 40: 92s–5s. 
281 Zanobetti, A., and J. Schwartz. 2001. “Are diabetics more susceptible to the health effects of airborne 
particles?” Am J Respir Crit Care Med. 164 (5): 831–3. 
https://www.atsjournals.org/doi/pdf/10.1164/ajrccm.164.5.2012039.  
282 Zanobetti, A., J. Schwartz, and D. Gold. 2000. “Are there sensitive subgroups for the effects of 
airborne particles?” Environ Health Perspect. 108 (9): 841–5. 



https://www.cdph.ca.gov/Programs/CCDPHP/DEODC/EHIB/CPE/CDPH%20Document%20Library/CA_Asthma_Inequities_Children_2021-Infographic.pdf

https://www.cdph.ca.gov/Programs/CCDPHP/DEODC/EHIB/CPE/CDPH%20Document%20Library/CA_Asthma_Inequities_Children_2021-Infographic.pdf

https://escholarship.org/uc/item/4k45v3xt

https://www.atsjournals.org/doi/pdf/10.1164/ajrccm.164.5.2012039
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communities are at risk of experiencing the negative impacts of climate change.283 A 
report from the California Climate Change Center warned that the impacts of climate 
change will likely create especially heavy burdens on low-income and other vulnerable 
populations: “Without proactive policies to address these equity concerns, climate change 
will likely reinforce and amplify current as well as future socioeconomic disparities, leaving 
low-income, minority, and politically marginalized groups with fewer economic 
opportunities and more environmental and health burdens.”284 


In the U.S. Environmental Protection Agency’s “Climate Change and Social Vulnerability 
in the United States: A Focus on Six Impacts,”285 investigators analyzed risks of six 
primary climate change impacts disproportionately affecting communities across income, 
educational attainment, race/ethnicity, and age groups. Four socially vulnerable 
populations—low income, communities of color, no high school diploma, and age 65 and 
older—were identified as having a higher likelihood of experiencing the greatest impacts 
of a changing climate (according to the projected 2°C of global warming or 50 centimeters 
of global sea level rise). Disproportionate impacts were projected for climate events, 
including air quality, extreme temperature, coastal flooding, and other impacts, leading to 
increased risk of health and other adverse outcomes. The study projected significant 
health impacts for low-income communities, certain racial and ethnic subgroups, and 
those with lower educational attainment. 


Several climate vulnerability tools have been developed or are under development to 
better understand and map areas at higher risk of climate impacts. The Climate Change 
and Health Vulnerability Indicators (CCHVIs) for California helps state and local health 
officials prepare for and reduce adverse health impacts due to a changing climate.286 For 
example, Los Angeles County shows higher than state average climate vulnerability 
overall, particularly for those who are linguistically isolated (more than twice the state 
average).  


In summary, there are many environmental, social, individual, and economic factors 
affecting health and equity in California and contributing to worsening health outcomes 
from climate change impacts. This section and Appendix G (Public Health) reference a 
substantial and growing body of research documenting the different social and 


 


 
283 OPR. 2018. Defining Vulnerable Communities in the Context of Climate Adaptation. 
https://opr.ca.gov/docs/20180723-Vulnerable_Communities.pdf.  
284 Shonkoff, S., R. Morello-Frosch, M. Pastor, and J. Sadd. 2011. “The climate gap: environmental health 
and equity implications of climate change and mitigation policies in California—A review of the literature.” 
Climatic Change 109 (Suppl 1): S485–S503. 
285 U.S. EPA. 2021. Climate Change and Social Vulnerability in the United States: A Focus on Six 
Impacts. U.S. Environmental Protection Agency. EPA 430-R-21-003. 
286 CDPH. 2022. Climate Change and Health Vulnerability Indicators for California. California Department 
of Public Health. https://www.cdph.ca.gov/Programs/OHE/Pages/CC-Health-Vulnerability-Indicators.aspx. 



https://opr.ca.gov/docs/20180723-Vulnerable_Communities.pdf

https://www.cdph.ca.gov/Programs/OHE/Pages/CC-Health-Vulnerability-Indicators.aspx
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environmental factors affecting health outcomes and the many groups that are vulnerable 
to increased effects or that experience health inequities in California (see Table 3-13).  


Table 3-13: Examples of vulnerable groups due to socioeconomic, environmental, 
developmental, and climate change factors 


Examples of Vulnerable Groups Due to Socioeconomic, Environmental, 
Developmental, and Climate Change Factors 


Older People  People with Existing 
Chronic Illness 


People Impacted Due to Working 
Conditions 


Tribal Groups Infants and Children Low-Income People  


People with Disabilities People Experiencing 
Homelessness 


Pregnant People  


Communities of Color Marginalized People  Immigrants/Refugees 


People with Less 
Educational Options 


Linguistically Isolated 
Households 


People Impacted Due to Poor 
Housing Conditions 


Summary of the Qualitative Health Analysis 
CARB has developed a detailed health analysis that covers eight social and 
environmental co-benefit areas that impact public health (listed below). These co-benefit 
areas were selected due to ongoing research in these areas as well as discussion in a 
public workshop on climate change and health impacts held in summer 2018. For each 
social and environmental area, the analysis includes:  


• a discussion of health impacts and disparities, 
• key health metrics or epidemiological research on this topic, 
• a discussion of how these areas would be affected by “no-action” (i.e., Reference) 


scenario compared to a “take-action” (i.e., Scoping Plan) scenario 
• a discussion of where there are actions to consider for further success, and 
• the types of mitigation actions that can help reduce or eliminate disparities and 


promote greater health equity and resilience. 


All co-benefit areas are interconnected, and pursuing benefits in all areas has the 
potential to multiply positive results and further support building community resilience. 
Community resilience is the ability of a community to reduce harm and maintain an 
acceptable quality of life in the face of climate-induced stresses, which vary depending 
on that community’s circumstances and location. Below is a brief description of the areas 
evaluated for public health co-benefits. The specific health outcomes impacted by each 







172 


 


area, as well as the directional health benefits, are included in the Summary of Health 
Benefits section of the chapter and covered in more detail in Appendix G (Public Health). 


Heat Impacts  
Globally, increased GHG concentrations in the atmosphere are causing a continuing 
increase of the planet’s average temperature. California temperatures have risen since 
records began in 1895, and the rate of increase is accelerating. Recent heat waves have 
broken heat records and caused serious illness across the state, and these events are 
becoming more frequent. Heat waves have a particularly high impact in Southern 
California, where they have become more intense and longer lasting. In the past two 
years, Los Angeles recorded 121°F, and the Coachella Valley had its hottest year ever, 
with temperatures reaching 123°F. Heat island effects in urbanized areas can elevate 
heat effects and disproportionately affect low-income communities and communities of 
color. Heat events exacerbate respiratory and cardiac illness and cause emergency room 
visits to soar. Strategies that reduce the impacts of heat exposure promote improved 
health outcomes.  


Wildfires and Smoke 
California’s NWL cover more than 90 percent of California and include rangeland, forests, 
woodlands, grasslands, and urban green space. They provide biodiversity and ecosystem 
benefits, including their ability to sequester carbon from the atmosphere. Protecting and 
managing California’s forests and other natural lands and maintaining their ecosystem 
health are key practices for maximizing GHG benefits and minimizing negative climate 
change impacts. Vegetation plays an important role in storing carbon; however, it can 
also release CO2 back into the atmosphere when it dies or is burned by fires. California’s 
wildfires are getting worse with increased fire risks, higher frequency of occurrence, larger 
burn areas, more costly damage, and a longer fire season due to climate change. 
Strategies that promote healthy ecosystem management of natural and working lands 
and increased urban greening promote improved health outcomes. Healthy ecosystems 
provide many health and environmental benefits and can maximize carbon sequestration. 


Children’s Health and Development  
There are a wide range of interconnected environmental, social, biological, and 
community factors associated with climate change that are adversely affecting children’s 
health. This section focuses on air pollution and near-roadway or traffic pollution as 
environmental impacts that have a profound effect on children’s health. Children’s bodies 
and lungs are still developing, and they take in more air per body weight than adults do. 
Many low-income communities and communities of color in California experience 
disproportionately high levels of air pollution, as well as high levels of traffic and freight 
that impact children. This excess exposure harms children’s development and 
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predisposes them to increased risk of illness throughout their lives. Strategies that reduce 
air pollution and traffic emissions promote improved health outcomes for children. 


Economic Security  
Climate change is expected to result in serious adverse socioeconomic effects across 
many sectors. Economic factors, such as income inequality (among geographic regions), 
poverty, wealth, debt, unemployment rate, and job security are among the strongest 
determinants of health. Along the entire income spectrum, higher income is associated 
with increased life expectancy and improved health outcomes in the United States. 
Additionally, economic insecurity and negative health impacts are more pronounced in 
low-income communities and communities of color. Economic strategies, such as the 
promotion of clean energy and other green jobs and investments in low-income 
communities and communities of color, and promoting a transition to high road jobs in 
economic sectors tied to the current fossil fuel economy, can promote improved health 
outcomes.287 


Food Security  
The food system is under pressure from numerous factors, and climate change is a key 
concern. Climate change can affect food production and agricultural yield, impact 
culturally significant plants and animals for Native American tribes, and exacerbate 
factors that limit food availability, such as supply chain disruption. Food security is defined 
as stable access to affordable, sufficient food for an active, healthy life. Many Californians 
routinely experience food insecurity, and while that impacts Californians of all races and 
groups, low-income communities and communities of color and children are 
disproportionately affected by food insecurity. Many Native Americans depend on 
resources from the land, such as animals and plants for consumption and cultural 
practices. Strategies that promote sustainable agriculture, access to healthy foods, and 
reduced organic food waste promote improved health outcomes. 


Mobility and Physical Activity 
Physical activity is one of the most important factors for a healthy lifestyle, and lack of 
activity increases the risk of chronic illness and premature death. Research shows that 
regular physical activity improves health in people of all ages by improving heart and lung 


 


 


287 According to the California Labor and Workforce Development Agency’s High Road Training 
Partnership program, high road jobs are considered “Quality jobs [that] provide family-sustaining wages, 
health benefits, a pension, worker advancement opportunities, and collective worker input and are stable, 
predictable, safe and free of discrimination.” https://cwdb.ca.gov/wp-
content/uploads/sites/43/2020/08/OneSheet_Job-Quality_ACCESSIBLE.pdf.  



https://cwdb.ca.gov/wp-content/uploads/sites/43/2020/08/OneSheet_Job-Quality_ACCESSIBLE.pdf

https://cwdb.ca.gov/wp-content/uploads/sites/43/2020/08/OneSheet_Job-Quality_ACCESSIBLE.pdf
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function, muscle fitness, mental health and brain function, and sleep quality. A sedentary 
lifestyle contributes to chronic illnesses, including obesity, heart disease, and Type 2 
diabetes among other chronic illnesses. Promoting community design that supports 
sustainable patterns of land use and transportation enables active transportation choices 
like walking, biking, and public transit over driving, and can significantly increase physical 
activity, leading to many valuable health benefits. 


Affordable Housing 
Housing is an important social determinant of health. The stability of housing, housing 
quality, conditions inside and outside the home, the cost of housing, and the 
environmental and social characteristics of the places people live all affect health 
(including energy efficiency and insulation, cooler building material, tree canopy, home 
size). Housing affordability is a key factor, and this section highlights how housing 
affordability supports not only improved health but also more sustainable land use and 
transportation patterns. A lack of affordable housing is increasing commute distances for 
low-income renters and creating health burdens. Strategies that support sustainable 
transportation and housing patterns, together with increased housing affordability, 
promote improved health outcomes. 


Urban Greening  
Urban Greening is well recognized as an important amenity, but the inherent health 
benefits are not always well understood. Under-resourced and vulnerable areas 
consistently show a lack of urban greening and higher percentages of concrete, asphalt, 
and impervious surfaces. Under-resourced communities have a greater proportion of 
concrete and heat-trapping surfaces and a lower amount of tree cover in the 
neighborhoods in which they live. Areas with reduced urban greening have the potential 
to create areas of higher temperatures as heat is reflected from pavements and buildings. 
By contrast, increasing urban greening can provide air pollution buffers and promote 
physical activity. Strategies that preserve and create urban parks, green space, natural 
infrastructure, and sustainable agricultural practices support improved physical and 
mental health outcomes. 


No Action Scenario (Reference) 
In a no-action scenario, California would remain dependent on fossil fuels and other GHG 
emitting technologies. Fossil-fuel powered mobile sources including cars, trucks, trains, 
tractors, and a myriad of other on-road and off-road vehicles and equipment are the 
largest source of criteria pollutants and toxic air contaminants that directly affect 
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community health and contribute the largest portion of GHG emissions.288 Other key GHG 
emission sources include buildings, natural and working lands, and power production and 
industry. The no-action scenario reflects a continued reliance on fossil fuels in mobile and 
stationary sectors, including buildings. The continued production and use of fossil fuels; 
ongoing dependence on gasoline and diesel cars, trucks, buses, and equipment; 
continued releases of short-lived climate pollutants; and decreased emphasis on forest 
and ecosystem health will impact communities by reducing climate resilience and health 
benefits. Green space will likely remain at the same levels or degrade, and urban heat 
islands will likely increase. With continued growth of vehicle miles traveled, physical 
activity and the accompanying health benefits will not increase.  


Exposure to wildfire smoke will increase, and air quality is expected to worsen as rising 
temperatures will increase levels of harmful air pollution. Jobs and economic security will 
be affected by the continuing potential for price spikes in fossil fuels, impacts to the 
economy from climate change, and fewer job opportunities in green technologies such as 
solar and electric vehicles. Food security in California will decrease due to the effects of 
accelerating climate impacts to agriculture; and without increased recovery of organic 
waste, including food products, food security will continue to decline under a no action 
scenario. All these impacts can be linked to worse health outcomes. Adverse health 
impacts are often most felt by Black, Latino, Native American, and other people of color 
and in low-income communities. These groups are affected more intensely by the 
physical stress of environmental pollution, social inequities, and the psychological stress 
of extreme weather events and food and economic insecurity. 


Take Action Scenario  
In the Take Action scenario, California will drastically reduce reliance on fossil fuels for 
motor vehicles, freight, buildings, electricity, or other sectors. This scenario is not a 
specific scenario within this Scoping Plan but examines the broad outcomes of actions to 
achieve carbon neutrality in 2045. Implementation of this Scoping Plan would achieve a 
transition to ZEVs, with 100% sales of light-duty ZEVs by 2035 and 100% sales of zero 
emission trucks by 2040, along with 30% VMT reductions below 2019 levels by 2045. 
State and local action that supports sustainable land use and transportation patterns and 
enables more transit and active transportation will lead to substantial health benefits from 
physical activity, including reduced illness and deaths.  


 


 


288 CARB. 2022. California Greenhouse Gas Emissions for 2000 to 2020. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf. 



https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf
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The economic benefits of improved health through active transportation can be modeled 
using the Healthy Mobility Options Tool (HMOT).289 In order to demonstrate the important 
health and economic benefits of VMT reduction, CARB and CDPH used the HMOT to 
analyze an illustrative trip reduction scenario for 2050 from the California Transportation 
Plan (CTP). The CTP has a goal of increasing active modes of travel and transit from the 
current level of 13 percent to a level of 23 percent of all travel trips. While the CTP goal 
of 23 percent for active modes of travel is not a VMT reduction target, the scenario 
increases active transportation through a mix of changes in land use planning for 
increased transportation options, including increases in biking, walking, and transit use, 
and it helps to show the health benefits of increased active transportation. By achieving 
the CTP 2050 goals, nearly 8,000 deaths would be avoided in 2050 alone (see Figure 3-
14), along with significant reductions in chronic diseases. Achieving this would rank 
among the top public health accomplishments (see Appendix G [Public Health] for 
additional modeling results and detailed discussion).  


The dramatic reduction in fossil fuel combustion, combined with reductions in VMT and 
freight and traffic emissions projected in this Scoping Plan will significantly reduce air 
pollution and its associated health impacts on a statewide basis and in communities near 
freight sources. Coordinated action strategies will emphasize natural and working lands 
management changes, including healthy forests, increased vegetative cover, and 
increased organic farming. Wildfire smoke exposure will reduce significantly with healthy 
ecosystem management strategies. Since many communities in California are 
disproportionately impacted by high levels of traffic pollution, the reduction in petroleum 
fueled vehicles will reduce the additional impacts of living or going to school near 
historically highly polluting sources. Indoor air quality is also likely to improve through a 
shift to non-fossil fuel appliances. Concerted state and local action to support sustainable 
land use and transportation patterns can enable more active transportation with health 
benefits from physical activity.  


 


 


289 ITHIM California. 2020. Transportation Planning for Health, Equity, and Climate Change. 
https://skylab.cdph.ca.gov/HealthyMobilityOptionTool-ITHIM/.  



https://skylab.cdph.ca.gov/HealthyMobilityOptionTool-ITHIM/
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Figure 3-14: Quantified health benefits of active transportation from increased 
physical activity 


 
Overall community resilience is expected to increase as physical activity and green space 
increases—potentially decreasing urban heat islands. Efforts to support VMT reduction 
will include coordination across state agencies on affordable housing measures. Reduced 
fossil fuel dependence will reduce economic pressure from wildfires, droughts, and price 
spikes in fossil fuels, especially as more jurisdictions implement plans with similar actions. 
Investment in sustainable agriculture, healthy forests, urban greening, and clean energy 
technologies will add sustainable jobs and further promote economic security. More 
sustainable agriculture and food recovery efforts will add to food security. All these 
impacts can be linked to wide ranging health benefits, including positive respiratory and 
cardiovascular effects, healthier birth and brain outcomes, improved mental health 
indicators, improved life expectancy, reductions in chronic illness and cancers, improved 
children’s health and development, reduced depression, and other benefits. The 
magnitude of the possible co-benefits is extremely large, especially in areas that are 
currently the most affected. 


Summary of Health Benefits 
Below, Tables 3-14 and 3-15 show overall summaries of the directional benefits by 
co-benefit area estimated for this Scoping Plan. The supporting epidemiological studies 
used for qualitative or quantitative analysis of each co-benefit area are included in 
Appendix G (Public Health). Another section of Chapter 3, together with Appendix C (AB 
197 Measure Analysis) and Appendix H (AB 32 GHG Inventory Sector Modeling), also 
includes the quantitative analysis of air pollution related health impacts, including recently 
added health endpoints for CARB’s ongoing analysis. 
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Table 3-14: Scoping Plan directional benefits for health co-benefit areas (heat, 
affordable housing, food security, economic security, and urban greening) 


Health Co-benefit Areas*  


Quantitative 
vs. 


Qualitative 


Reduced Heat 
Impacts 


Increased 
Affordable 
Housing 


Increased 
Food Security 


Increased 
Economic 
Security 


Increased 
Urban 


Greening 


Research 
was used 


for 
Qualitative 
Analysis 


↓ Mortality 


↓ Emergency 
Room Visits for 
cardiovascular 
and respiratory 


causes and 
intestinal 
infections 


↓Hospitalization 
for 


cardiovascular, 
respiratory 


causes 


↓ Preterm Birth 


↓ Mental Illness 


↓ Infectious 
Disease 


↓ Chronic 
Illness 


↓ Asthma 


↓ Injuries 


↓ Mental Illness 


↑ Children’s 
Performance in 


Schools 


↑ Children’s 
Health 


↓ Children’s 
Behavioral 
Problems 


↓ Mental Illness 


↓ Iron 
Deficiency 


↓ Chronic 
Diseases 


↑ Life 
Expectancy 


↓ Children’s 
Mental Illness 


↓ Children’s 
Cognitive 
Problems 


↓ Children’s 
Behavioral 


Health 
Problems 


↓ Children’s 
Iron Deficiency 


↓ Children’s 
Oral Health 
Problems 


↑ Life 
Expectancy 


↑ Health 
Status 


↑ Mental 
Health 


↓ Mortality 


↓ Asthma 
Prevalence 


↓ Depression 


↓ Adverse 
Birth 


Outcomes 
including low 
birth weight 


and small for 
gestational 


age 


↑ Life 
Expectancy 


 


*See Appendix G (Public Health) for a table with references to research for each health outcome listed.  
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Table 3-15: Scoping Plan directional benefits for health co-benefit areas (traffic 
pollution, wildfire, and active transportation) 


Health Co-benefit Areas* 


Quantitative vs. 
Qualitative 


Reduced Traffic 
Pollution 


Reduced 
Wildfire Smoke 


Increased Active 
Transportation 


Research was 
used for 


Quantitative 
Analysis 


↓ Children’s 
Respiratory 


Outcomes, Hospital 
Admissions 


↓ Children’s 
Respiratory 
Outcomes, 


Emergency Room 
Visits 


↓ Children’s 
Asthma Onset 


↓ Children’s 
Asthma Symptoms 


↓ All-Cause 
Mortality 


↓ Asthma, 
Hospital 


Admissions 


↓ COPD, Hospital 
Admissions 


↓ All Respiratory 
Outcomes, 


Hospital 
Admissions 


↓ Asthma, 
Emergency Room 


Visits 


↓ All Respiratory 
Outcomes, 


Emergency Room 
Visits 


↓ All Cardiac 
Outcomes, 


Emergency Room 
Visits 


↓ Cardiovascular 
Diseases 


↓ Colon Cancer 


↓ Breast Cancer 


↓ Diabetes 


↓ Dementia 


↓ Lung Cancer 


↓ Respiratory 
Disease 


↓ Depression 


↑ Traffic Accidents 


Research was 
used for 


Qualitative 
Analysis 


↑ Children’s Lung 
Function Growth 


↓ Children’s 
Bronchitic 
Symptoms 


↓ Children’s 
Impaired Cognitive 


Development 


↓ Children’s 
Adverse Birth 


Outcomes, 
including low birth 


weight and preterm 
birth 


  


*See Appendix G (Public Health) for a table with references to research for each health outcome listed. 







180 


 


In summary, the qualitative health analysis of the No-Action versus Take-Action scenarios 
for this Scoping Plan shows an overwhelming benefit for the state by taking action to 
move forward to carbon neutrality while continuing efforts to increase health equity and 
resilience in individual communities. Taking action can improve physical and mental 
health for adults and children, reduce a range of chronic illnesses, and promote 
improvements in life expectancy. Development and implementation of actions to achieve 
the outcomes called for in this Scoping Plan should consider how to engage affected 
communities in implementation, address the existing health and opportunity gaps, and 
pursue equitable implementation statewide and locally. This Scoping Plan deployment of 
clean technology and fuels, together with improved land management, will reduce GHGs 
and air pollution and create more resilient communities that are better able to prepare for 
and recover from extreme climate events. 
 


Environmental Analysis 
In May 2022, CARB, as the lead agency for the Scoping Plan, released for public review 
the Draft Environmental Analysis (Draft EA) for this Scoping Plan; it assessed the 
potential environmental impacts of implementing the Scoping Plan. CARB circulated the 
Draft EA for public review and comment for a period of 45 days that began on May 10, 
2022, and ended on June 24, 2022. CARB held a public hearing on June 23, 2022 to 
provide the opportunity for public comment. During the review period, written and oral 
comments were received on the Draft EA. CARB reviewed the comments to identify 
environmental topics and began preparation of responses to those comments.  


After the end of the Draft EA public review period, CARB identified potential revisions to 
certain aspects of this Scoping Plan that merit revisions to the project description. This 
new information results from, among other things, revisions to the project description 
regarding energy sector goals (including offshore wind), revised carbon removal targets, 
and additional strategies for natural and working lands. CARB released a Recirculated 
Draft EA for a written public comment period that started September 9, 2022, and ended 
on October 24, 2022. See Chapter 2 of the Recirculated Draft EA290 for further information 
regarding the changes. The Recirculated Draft EA assesses the potential for significant 
adverse and beneficial environmental impacts associated with all proposed actions in this 
Scoping Plan, and provides a programmatic environmental analysis of the reasonably 
foreseeable compliance responses that could result from implementation of the Scoping 


 


 


290 CARB. 2022. Recirculated Draft EA. https://ww2.arb.ca.gov/sites/default/files/2022-09/2022-draft-sp-
appendix-b-draft-ea-recirc.pdf.  



https://ww2.arb.ca.gov/sites/default/files/2022-09/2022-draft-sp-appendix-b-draft-ea-recirc.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-09/2022-draft-sp-appendix-b-draft-ea-recirc.pdf
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Plan.291 The Recirculated Draft EA concluded implementation of this Scoping Plan could 
result in the following:  


• Beneficial impacts to: air quality (long-term operational-related) and GHG 
emissions (short-term construction-related and long-term operational-related) 


• Less than significant impacts to: energy demand, mineral resources, population 
and housing, public services, recreation (short-term construction-related), and 
wildfire (short-term construction-related)  


• Potentially significant and unavoidable adverse impacts to: aesthetics, agriculture 
and forest resources, air quality (construction-related and operational odors), 
biological resources, cultural resources, geology and soils, hazards and hazardous 
materials, hydrology and water quality, land use and planning, noise, recreation 
(long-term operational-related), transportation and traffic, tribal cultural resources, 
utilities and service systems, and wildfire (long-term operational-related 


 
Before the public meeting at which the Board will consider this Scoping Plan Update, 
CARB will publish the Final EA as Appendix B (Final Environmental Analysis) to this 
Scoping Plan, along with written responses to timely submitted comments raising 
significant environmental issues received on the Draft EA and the Recirculated Draft EA, 
which will be presented to the Board for consideration. 


 


 


 


 


291 The Recirculated Draft EA is available at https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-
change-scoping-plan/2022-scoping-plan-documents. 



https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents

https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents
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Chapter 4: Key Sectors 
Chapter 4 provides an overview of the major energy sources and technology in use today, 
and of alternative clean technology and fuels to support decarbonization based on the 
latest information available. Every sector of the economy will need to begin to transition 
in this decade to meet our GHG reduction goals and achieve carbon neutrality no later 
than 2045. AB 32 requires climate change mitigation policies to be considered in the 
context of the sector’s contribution to the state’s total GHG emissions. The transportation, 
electricity (in-state and imported), and industrial sectors are the largest contributors of 
GHGs in the state and present the largest opportunities for GHG reductions. Actions to 
reduce fossil fuel combustion in these sectors also can provide critical air pollution 
reductions in low-income communities and communities of color, which are often located 
adjacent to these sources. A carbon neutrality framework also elevates the role of CO2 
removal through natural and working lands and mechanical capture and storage. Actions 
that support energy efficiency, reduced VMT, alternative fuels, and renewable power also 
can provide benefits by reducing both criteria and toxic air pollutants.  


What sets this plan apart from previous Scoping Plans is the focus on the accelerated 
rate of deployment of clean technology and energy within every sector. As a result, 
specific actions, including accelerated rates of deployment of clean technology and fuels 
identified within this Scoping Plan, will need to be translated into both new and amended 
regulations, policies, and incentive programs. State agencies will need to evaluate current 
authority to align existing policies or develop new ones to achieve outcomes called for in 
this Scoping Plan. Legislative support may be needed in some cases to ensure authority 
and funding is sufficient to ensure this Scoping Plan is translatable to action on the 
ground. Most regulations, or change to existing regulations, ultimately considered by the 
Board or other state agencies for adoption will be subject to administrative procedure 
requirements. Accordingly, they must rely on specific subsequent supporting analysis and 
extensive public processes and consultations with interested tribes to develop and identify 
appropriate proposals for effective implementation. For example, any proposal to 
strengthen the LCFS regulations through amendments increasing the stringency of the 
carbon intensity (CI) targets would be considered on the basis of a public process, 
including workshops, and focused environmental, economic, and public health analyses. 


Policies that ensure economy-wide investment or program decisions that incorporate 
consideration of GHG emissions are particularly important. As we pursue GHG reduction 
targets, we must acknowledge the manner in which built and natural environments are 
connected, how changes in one may impact the other, and how policy choices in one 
sector can and do impact other sectors. For example, fostering more compact, 
transportation-efficient development in infill areas and increasing transportation choices 
with the goal of reducing VMT not only reduces demand for transportation fuel but also 
requires less energy for buildings and helps to conserve natural and working lands that 
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sequester carbon. Therefore, the multiple and often interwoven actions that reduce VMT 
both reduce emissions from the transportation sector and support reductions needed in 
other sectors. 


Legislation, such as SB 350292 (De León and Leno, Chapter 457, Statutes of 2015), has 
recognized the need for CARB, the CEC, and the CPUC to work together to ensure the 
state’s energy and climate goals are integrated in procurement decisions by load serving 
entities as part of Integrated Resource Plans. Moving forward, it is especially critical that 
similar approaches are adopted to break down silos across state agencies to ensure 
policies and programs are aligned with multiple state priorities outlined in this plan. Finally, 
supportive legislative direction, such as SB 905 that requires CARB to create the Carbon 
Capture, Removal, Utilization, and Storage Program, may also benefit emerging areas of 
policy to provide express agency authority and roles for these nascent efforts, including 
streamlining of permitting, while ensuring that protections for communities are in place.  


Unlike previous Scoping Plans that separated out individual economic sectors, this 
Scoping Plan approaches decarbonization from two perspectives: (1) managing a 
phasedown of existing energy sources and technology and (2) ramping up, developing, 
and deploying alternative clean energy sources and technology over time. This approach 
supports a more comprehensive consideration of our energy infrastructure, the ability to 
repurpose existing assets, and the need to build new assets. It also provides multiple 
metrics beyond just the annual AB 32 GHG Inventory to better enable tracking progress. 
For example, it clearly demonstrates the production and distribution rates of specific types 
of clean energy, such as adding 4.3 GW of utility solar and 2.5 GW of storage year-over-
year between now and 2035 to be on track to achieve carbon neutrality no later than 
2045, and does the same for technology deployment, such as 11 million ZEVs in 2035.  


The sections below include key actions to support success in the necessary transition 
away from fossil combustion, which is an overriding goal of this plan. The wide array of 
complementary and supporting actions being contemplated or to be undertaken across 
state government are detailed here. The broad view of actions described in this chapter 
thus provides context for the specific deployment of clean technology and fuels identified 
in the Scoping Plan Scenario described in Chapter 2. Actions identified in this Scoping 
Plan are based on currently known options and the latest science. As part of future 
Scoping Plan updates, additional clean technology and fuels may be identified and added 
to the mix of needed tools to continue to reduce the state’s GHG emissions, support air 
quality co-benefits, and remove carbon from the atmosphere. 


 


 
292 California Air Resources Board. SB 350 Electricity Sector Greenhouse Gas Planning Targets. 
https://ww2.arb.ca.gov/our-work/programs/sb350.  



https://ww2.arb.ca.gov/our-work/programs/sb350
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Transportation Sustainability  
The transportation sector has long relied on liquid petroleum fuels as the primary energy 
source for internal combustion engine (ICE) vehicles, including cars, trucks, locomotives, 
marine equipment, and aircraft. Combustion of fossil fuels in vehicles emits significant 
amounts of GHGs, criteria pollutants, and toxic air contaminants. In 2019,293 the 
transportation sector accounted for approximately 50 percent of statewide GHG 
emissions294 and thus was by far the single largest source of carbon pollution in the state. 
In addition, the transportation sector accounted for over 80 percent of statewide NOx 
emissions and 30% of fine particulate matter emissions, including toxic diesel particulate 
matter.295  


Communities adjacent to congested roadways, including ports and distribution centers, 
are exposed to the highest concentration of toxic pollutants from vehicles and equipment 
consuming fossil fuels, leading to a number of demonstrated health impacts such as 
respiratory illnesses, higher likelihood of cancer development, and premature death. In 
addition, communities located near oil extraction operations or crude oil refineries often 
experience higher exposure to poor air quality. While CARB’s programs, along with local 
action, have made substantial progress over the past few decades, it is clear that 
California must transition away from fossil fuels to zero-emission technologies with all 
possible speed and pursue policies that result in less driving, in order to meet our GHG 
and air quality targets. 


The transportation sector can be divided into three general categories: Technology, 
Fuels, and Vehicle Miles Traveled.  


• Technology refers to the vehicles themselves, as well as the associated refueling 
infrastructure for those vehicles.  


• Fuels refers to the energy source used to power vehicles and the facilities that 
produce them. 


• Vehicle travel is measured as vehicle miles traveled (VMT), and is a product of 
development patterns and available transportation options. 


 


 
293 In 2020 the state experienced shelter-in-place orders in response to the COVID-19 pandemic. The 
orders, and the effects of the pandemic, led to a significant year-over-year decline in transportation 
emissions in 2020. This means 2019 is likely a more representative year for overall transportation 
emissions and 2020 a likely outlier in the historical transportation emissions trend data.  
294 CARB. 2022. California Greenhouse Gas Emissions for 2000 to 2020. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf. This 
includes upstream oil extraction and refining emissions.  
295 CARB. California Greenhouse Gas Emission Inventory Program. https://ww2.arb.ca.gov/our-
work/programs/ghg-inventory-program. 



https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf

https://ww2.arb.ca.gov/our-work/programs/ghg-inventory-program

https://ww2.arb.ca.gov/our-work/programs/ghg-inventory-program
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Sector Transition 
Technology 
Vehicles must transition to zero emission technology to decarbonize the transportation 
sector. Executive Order N-79-20296 reflects the urgency of transitioning to zero emission 
vehicles (ZEVs) by establishing target dates for reaching 100 percent ZEV sales or fleet 
transitions to ZEV technology. The primary ZEV technologies available today are battery-
electric and hydrogen fuel cell electric vehicles (FCEVs), both of which emit zero tailpipe 
GHGs, criteria pollutants, and toxic air contaminants, as they do not burn fuel. These 
vehicles are rapidly growing in performance, affordability, and popularity.297 Plug-in hybrid 
electric vehicles also offer a limited but increasing range of zero emission operation and 
will play a role in the transition to ZEVs. 


Light-duty passenger vehicles consume the majority of gasoline in the state—12.9 billion 
gallons in 2019298—and are well-suited for transitioning to ZEVs.  
EO N-79-20 calls for 100 percent ZEV sales of new light-duty vehicles by 2035, and this 
target is reflected in this Scoping Plan.299 The Advanced Clean Cars II regulation fulfills 
the goal in the Executive Order and serves as the primary mechanism to help deploy 
ZEVs. A number of existing incentive programs also support this transition, including the 
Clean Cars 4 All Program.300 Heavy-duty trucks are the largest source of diesel particulate 
matter, a toxic air contaminant that is directly linked to a number of adverse health 
impacts, and EO N-79-20 also sets targets for transitioning the medium- and heavy-duty 
fleet to zero emissions: by 2035 for drayage trucks and by 2045 for buses and heavy-
duty long-haul trucks where feasible. Replacing heavy-duty vehicles with ZEV technology 
will significantly reduce GHG emissions and diesel PM emissions in low-income 
communities and communities of color adjacent to ports, distribution centers, and 
highways. The existing Advanced Clean Trucks regulation, paired with the proposed 
Advanced Clean Fleets regulation, are designed to transition a significant amount of the 


 


 
296 Executive Department. State of California. Executive Order N-79-20. https://www.gov.ca.gov/wp-
content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf.  
297 CARB. 2021. Public Workshop for Advanced Clean Cars II. May 6. 
https://ww2.arb.ca.gov/sites/default/files/2021-05/acc2_workshop_slides_may062021_ac.pdf. 
298 CARB. 2022. Fuel Activity for California’s Greenhouse Gas Inventory by Sector and Activity. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/fuel_activity_inventory_by_sector_all_00-
20.xlsx. 
299 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1A, with reference to the date 
at which all new vehicle sales are ZEVs. finalejacrecs.pdf (arb.ca.gov). 
300 CARB. Clean Cars 4 All. https://ww2.arb.ca.gov/our-work/programs/clean-cars-4-all. The Clean 
Vehicle Rebate Project (CVRP) also supports the transition to ZEVs. https://cleanvehiclerebate.org/en.  



https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-05/acc2_workshop_slides_may062021_ac.pdf

https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/fuel_activity_inventory_by_sector_all_00-20.xlsx

https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/fuel_activity_inventory_by_sector_all_00-20.xlsx

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/our-work/programs/clean-cars-4-all

https://cleanvehiclerebate.org/en
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California truck fleet to ZEV technology. As with the LDV sector, a number of incentive 
programs support this transition, such as the Hybrid and Zero-Emission Truck and Bus 
Voucher Incentive Project (HVIP).301  


Figure 4-1 below illustrates the pace of transition in vehicle technology needed to 
drastically reduce GHG emissions from vehicles. All vehicle classes reach 100 percent 
ZEV sales before 2045, with some achieving this well before. The ZEV technology across 
the vehicle classes is assumed to be primarily battery electric and hydrogen fuel cell 
(reflecting the primary ZEV technologies available today).302  


Figure 4-1: Transition of on-road vehicle sales to ZEV technology in the Scoping 
Plan Scenario 


 
Today, off-road vehicles also rely heavily on ICE technology. Executive Order N-79-20 
sets an off-road equipment target of transitioning the entire fleet to ZEV technology by 
2035, where feasible. There is a great need for both investment and innovation in the off-
road space in order to develop and commercialize zero emission equipment types that 
meet or exceed the performance of existing equipment. A number of funding sources 
currently support this transition, including programs such as FARMER, Carl Moyer, and 


 


 
301 California HVIP. Hybrid and Zero-Emission Truck and Bus Voucher Incentive Project. 
https://californiahvip.org/?msclkid=efaf65f2c26f11eca6bdd08ecc323864.  
302 The light-duty fleet includes more than 11 million battery electric and hydrogen fuel cell vehicles in 
2035 and over 23 million battery electric and hydrogen fuel cell vehicles in 2045.  
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the Community Air Protection Incentives—as well as Low Carbon Transportation 
Incentives, including the Clean Off-Road Equipment (CORE) program. In addition, the 
2021–22 California budget provided record-high allocations for funding ZEVs, including 
off-road equipment, and the 2022–23 budget is similarly ambitious.303 Several regulations 
focused on transitioning to zero emission off-road equipment have recently been adopted 
or are in the works, and apply to locomotives,304 forklifts, ocean-going vessels at berth,305 
commercial harbor craft,306 small off-road engines,307 and more.  


Intrastate aviation relies on ICE technology today, but battery-electric and hydrogen fuel 
cell aviation applications are in development, along with sustainable aviation fuel. The 
Scoping Plan Scenario includes a transition of 20% of aviation fuel demand to ZEV 
technologies by 2045 and sustainable aviation fuel for the rest. 


Refueling infrastructure is a crucial component of transforming transportation technology. 
Electric vehicle chargers and hydrogen refueling stations must become easily accessible 
for all drivers to support a wholesale transition to ZEV technology. Deployment of ZEV 
refueling infrastructure is currently supported by a number of existing local and state 
public funding mechanisms, the new National Electric Vehicle Infrastructure (NEVI) 
federal funding mechanism, California’s electric utilities, the Electrify America initiative 
that was established in response the Volkswagen ZEV commitment, and by numerous 
companies, such as EVgo, ChargePoint, Tesla, Ford, FirstElement Fuel, Chevron, Shell, 
and Iwatani, who are investing substantial private resources into developing these 
networks. Private investment in reliable, affordable and ubiquitous refueling infrastructure 
must drive the transition as the business case for ZEVs continues to strengthen. 


Strategies for Achieving Success 


• Achieve 100 percent ZEV sales of light-duty vehicles by 2035308 and medium-
heavy-duty vehicles by 2040. 


• Achieve a 20% zero emission target for the aviation sector. 


 


 
303 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1C. CARB and the 
Administration are committed to increasing focus on transportation equity investment as was reflected in 
the governor’s 2022–23 budget. finalejacrecs.pdf (arb.ca.gov). 
304 CARB. Reducing Rail Emissions in California. https://ww2.arb.ca.gov/our-work/programs/reducing-rail-
emissions-california. 
305 CARB. Ocean-Going Vessels At Berth Regulation. https://ww2.arb.ca.gov/our-work/programs/ocean-
going-vessels-berth-regulation.  
306 CARB. CARB passes amendments to commercial harbor craft regulation. 
https://ww2.arb.ca.gov/news/carb-passes-amendments-commercial-harbor-craft-regulation.  
307 CARB. Small Off-Road Engines (SORE). https://ww2.arb.ca.gov/our-work/programs/small-off-road-
engines-sore. 
308 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1A. finalejacrecs.pdf 
(arb.ca.gov). 



https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-california

https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-california

https://ww2.arb.ca.gov/our-work/programs/ocean-going-vessels-berth-regulation

https://ww2.arb.ca.gov/our-work/programs/ocean-going-vessels-berth-regulation

https://ww2.arb.ca.gov/news/carb-passes-amendments-commercial-harbor-craft-regulation

https://ww2.arb.ca.gov/our-work/programs/small-off-road-engines-sore

https://ww2.arb.ca.gov/our-work/programs/small-off-road-engines-sore

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf





188 


 


• Develop a rapid and robust network of ZEV refueling infrastructure to support the 
needed transition to ZEVs. 


• Ensure that the transition to ZEV technology is affordable for low-income 
households and communities of color, and meets the needs of communities and 
small businesses.309  


• Prioritize incentive funding for heavy-duty ZEV technology deployment in regions 
of the state with the highest concentrations of harmful criteria and toxic air 
contaminant emissions.310 


• Promote private investment in the transition to ZEV technology, undergirded by 
regulatory certainty such as infrastructure credits in the Low Carbon Fuel Standard 
for hydrogen and electricity311 and hydrogen station grants from the CEC’s Clean 
Transportation Program312 pursuant to Executive Order B-48-18.313 


• Evaluate and continue to offer incentives similar to those through FARMER,314 Carl 
Moyer,315 the Clean Fuel Reward Program,316 the Community Air Protection 
Program,317 and Low Carbon Transportation,318 including CORE.319 Where 
feasible, prioritize and increase funding for clean transportation equity 
programs.320 


• Continue and accelerate funding support for zero emission vehicles and refueling 
infrastructure through 2030 to ensure the rapid transformation of the transportation 
sector.  


 


 
309 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF6, in the context of 
communities. finalejacrecs.pdf (arb.ca.gov). 
310 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF7. finalejacrecs.pdf 
(arb.ca.gov). 
311 CARB. LCFS ZEV Infrastructure Crediting. https://ww2.arb.ca.gov/resources/documents/lcfs-zev-
infrastructure-crediting.  
312 CEC. Clean Transportation Program. https://www.energy.ca.gov/programs-and-topics/programs/clean-
transportation-program.  
313 EO B-48-18 calls for 200 hydrogen refueling stations by 2025. https://www.library.ca.gov/wp-
content/uploads/GovernmentPublications/executive-order-proclamation/39-B-48-18.pdf.  
314 CARB. FARMER program. https://ww2.arb.ca.gov/our-work/programs/farmer-program. 
315 CARB. Carl Moyer program. https://ww2.arb.ca.gov/our-work/programs/carl-moyer-memorial-air-
quality-standards-attainment-program. 
316 California Clean Fuel Reward Program. https://cleanfuelreward.com/. 
317 CARB. Community Air Protection Program. https://ww2.arb.ca.gov/capp. 
318 CARB. Low Carbon Transportation Investments and Air Quality Improvement Program. 
https://ww2.arb.ca.gov/our-work/programs/low-carbon-transportation-investments-and-air-quality-
improvement-program. 
319 Clean Off-Road Equipment (CORE) Voucher Incentive Program. https://californiacore.org/. 
320 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1C. finalejacrecs.pdf 
(arb.ca.gov). 
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https://www.energy.ca.gov/programs-and-topics/programs/clean-transportation-program
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• Evaluate and align with this Scoping Plan relevant CARB policies such as 
Advanced Clean Cars II,321 Innovative Clean Transit,322 Zero Emission Airport 
Shuttle,323 California Phase 2 GHG Standards,324 Advanced Clean Trucks, 
Advanced Clean Fleets, Zero Emission Forklifts,325 In-use Locomotives,326 the Off-
Road Zero-Emission Targeted Manufacturer rule, Clean Off-Road Fleet 
Recognition Program, In-use Off-Road Diesel-Fueled Fleets Regulation,327 
Commercial Harbor Craft,328 Off-Road Zero-Emission Targeted Manufacturer rule, 
Clean Off-Road Fleet Recognition Program, Amendments to the In-use Off-Road 
Diesel-Fueled Fleets Regulation,329 carbon pricing through the Cap-and-Trade 
Program,330 and the Low Carbon Fuel Standard.331 


• Identify and address permitting and market barriers to successful rapid ZEV 
technology deployment while protecting public health and the environment. 


Fuels 
Transitioning away from conventional ICE vehicles is part of the solution, but we must 
ensure that an adequate supply of zero-carbon alternative fuel and distribution is available 
to power these vehicles. Electricity and hydrogen are currently the primary fuels for ZEVs, 


 


 
321 CARB. Advanced Clean Cars Program. https://ww2.arb.ca.gov/our-work/programs/advanced-clean-
cars-program. Cal. Code Regs., tit. 13, §§ 1900, 1961.2, 1961.3, 1961.4, 1962.2, 1962.3, 1962.4, 1962.5, 
1962.6, 1962.7, 1962.8, 1965, 1968.2, 1969, 1976, 1978, 2037, 2038, 2112, 2139, 2140, 2147, 2317, 
2903. 
322 CARB. Innovative Clean Transit. https://ww2.arb.ca.gov/our-work/programs/innovative-clean-transit. 
Cal. Code Regs., tit. 13, §§ 2023—2023.11. 
323 CARB. Zero-Emission Airport Shuttle. https://ww2.arb.ca.gov/our-work/programs/zero-emission-
airport-shuttle. Cal. Code Regs., tit. 17, §§ 95690.1—95690.8. 
324 CARB. California Phase 2 Greenhouse Gas Standards. https://ww2.arb.ca.gov/our-
work/programs/greenhouse-gas-standards-medium-and-heavy-duty-engines-and-vehicles/phase2. Cal. 
Code Regs., tit. 13, §§ 1956.8 and 2036; and Cal. Code Regs., tit. 17, §§ 95301, 95302, 95303, and 
95663. 
325 CARB. Zero-Emission Forklifts. https://ww2.arb.ca.gov/our-work/programs/zero-emission-forklifts. Cal. 
Code Regs., tit. 17, §§ 95690.1—95690.8. 
326 CARB. Reducing Rail Emissions. https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-
california. Proposed Cal. Code Regs., tit. 13, §§ 2478—2478.16. 
327 CARB. In-use Off-Road Diesel-Fueled Fleets Regulation. https://ww2.arb.ca.gov/our-
work/programs/use-road-diesel-fueled-fleets-regulation. Cal. Code Regs., tit. 13, §§ 2449, 2449.1, 
2449.2. 
328 CARB. Commercial Harbor Craft. https://ww2.arb.ca.gov/our-work/programs/commercial-harbor-craft. 
Cal. Code Regs., tit. 13, § 2299.5. 
329 CARB. In-use Off-Road Diesel-Fueled Fleets Regulation. https://ww2.arb.ca.gov/our-
work/programs/use-road-diesel-fueled-fleets-regulation.  
330 CARB. Cap-and-Trade Program. https://ww2.arb.ca.gov/our-work/programs/cap-and-trade-program. 
Cal. Code Regs., tit. 17, §§ 95801 et seq. 
331 CARB. Low Carbon Fuel Standard. https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-
standard. Cal. Code Regs., tit. 17, §§ 95480 et seq. 
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https://ww2.arb.ca.gov/our-work/programs/greenhouse-gas-standards-medium-and-heavy-duty-engines-and-vehicles/phase2

https://ww2.arb.ca.gov/our-work/programs/zero-emission-forklifts

https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-california

https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-california

https://ww2.arb.ca.gov/our-work/programs/use-road-diesel-fueled-fleets-regulation

https://ww2.arb.ca.gov/our-work/programs/use-road-diesel-fueled-fleets-regulation

https://ww2.arb.ca.gov/our-work/programs/commercial-harbor-craft

https://ww2.arb.ca.gov/our-work/programs/use-road-diesel-fueled-fleets-regulation

https://ww2.arb.ca.gov/our-work/programs/use-road-diesel-fueled-fleets-regulation

https://ww2.arb.ca.gov/our-work/programs/cap-and-trade-program

https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-standard

https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-standard
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and both fuels must be produced using low-carbon technology and feedstocks to 
minimize upstream emissions. 


The transition to complete ZEV technology will not happen overnight. Conventional ICE 
vehicles from legacy fleets will remain on the road for some time, even after all new 
vehicle sales have transitioned to ZEV technology. In addition, some equipment types are 
only now in the initial stages of development of ZEV technology for propulsion, such as 
commercial aircraft or ocean-going vessels. In addition to building the production and 
distribution infrastructure for zero-carbon fuels, the state must continue to support low-
carbon liquid fuels during this period of transition and for much harder sectors for ZEV 
technology such as aviation, locomotives, and marine applications. Biomethane currently 
displaces fossil fuels in transportation and will largely be needed for hard-to-decarbonize 
sectors but will likely continue to play a targeted role in some fleets while the 
transportation sector transitions to ZEVs. Figure 4-2 provides the detail on fuels used in 
2020 and the fuel mix under the Scoping Plan Scenario for 2035 and 2045.  


Figure 4-2: Transportation fuel mix in 2022, 2030, and 2045 in the Scoping Plan 
Scenario332 


 


Private investment in alternative fuels will play a key role in diversifying the transportation 
fuel supply away from fossil fuels. The Low Carbon Fuel Standard is the primary 
mechanism for transforming California’s transportation fuel pool with low-carbon 


 


 


332 See https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx for 
transportation fuels by year. 


0.0


0.5


1.0


1.5


2.0


2.5


2022 2030 2045


E
ne


rg
y 


D
em


an
d


 (E
J)


Electricity Hydrogen


Biomethane Liquid Biofuel


Fossil Gas Liquid Petroleum Fuel



https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx





191 


 


alternatives and has fostered a growing alternative fuel market. Partially as a result of the 
powerful market signals from the LCFS, fuels like renewable diesel, sustainable aviation 
fuel, biomethane, and electricity have all gained significant market shares and continue 
to displace gasoline and diesel in both on- and off-road vehicles. In addition, Executive 
Order N-79-20 calls on state agencies to support the transition of existing fuel production 
facilities away from fossil fuels and directs that this transition also protect and support 
workers, public health, safety, and the environment. In line with this direction, existing 
refineries could be repurposed to produce sustainable aviation fuel, renewable diesel, 
and hydrogen. This trend has already begun, and continuing to develop fuel production 
capacity in-state to support the energy transition while making the most efficient use of 
existing assets is critical to avoiding emissions leakage. If fuel demand persists after fuel 
production facilities have ceased operations, fuel demand will have to be met through 
imports.  


As we transition or build new energy production facilities and infrastructure, it will be 
important to ensure low-income communities, tribes, and communities of color do not 
experience increases in existing air pollution disparities and continue to experience a 
reduction in the air pollution disparities that exist today. California must use the best 
available science to ensure that raw materials used to produce transportation fuels do not 
incentivize feedstocks with little to no GHG reductions from a life cycle perspective. A 
dramatic increase in alternative fuel production must not come at the expense of global 
deforestation, unsustainable land conversion, or adverse food supply impacts, to name a 
few examples. CARB will continue to monitor scientific findings on these topics to ensure 
that California policies, such as the LCFS, send the appropriate market signals and do 
not result in unintended consequences.333 


Strategies for Achieving Success 


• Accelerate the reduction and replacement of fossil fuel production and 
consumption in California.334 


• Incentivize private investment in new zero-carbon fuel production in California. 
• Incentivize the transition of existing fuel production and distribution assets to 


support deployment of low- and zero-carbon fuels while protecting public health 
and the environment. 


• Invest in the infrastructure to support reliable refueling for transportation such as 
electricity and hydrogen refueling. 


 


 
333 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1E. finalejacrecs.pdf 
(arb.ca.gov). 
334 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F3. finalejacrecs.pdf 
(arb.ca.gov). 



https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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• Evaluate and propose, as needed, changes to strengthen the Cap-and-Trade 
Program. 


• Initiate a public process focused on options to increase the stringency and scope 
of the LCFS: 


o Evaluate and propose accelerated carbon intensity targets pre-2030 for 
LCFS. 


o Evaluate and propose further declines in LCFS post-2030 carbon intensity 
targets to align with this 2022 Scoping Plan. 


o Consider integrating opt-in sectors into the program. 
o Provide capacity credits for hydrogen and electricity for heavy-duty fueling. 


• Monitor for and ensure that raw materials used to produce low-carbon fuels or 
technologies do not result in unintended consequences.335 
 


Vehicle Miles Traveled 
Transforming the transportation sector goes beyond phasing out combustion technology 
and producing cleaner fuels. Managing total demand for transportation energy by 
reducing the miles people need to drive on a daily basis is also critical as the state aims 
for a sustainable transportation sector in a carbon neutral economy. Though GHG 
emissions are declining due to cleaner vehicles and fuels, rising VMT can offset the 
effective benefits of adopted regulations.  


Even under full implementation of Executive Order N-79-20 and CARB’s Advanced Clean 
Cars II Regulations, with 100 percent ZEV sales in the light-duty vehicle sector by 2035, 
a significant portion of passenger vehicles will still rely on ICE technology, as 
demonstrated in Figure 4-2 above. Accordingly, VMT reductions will play an 
indispensable role in reducing overall transportation energy demand and achieving the 
state’s climate, air quality, and equity goals. After a significant pandemic-induced 
reduction in VMT during 2020, passenger VMT has steadily climbed back up and is now 
closing in on pre-pandemic levels.336 Driving alone with no passengers remains the 
primary mode of travel in California, amounting to 75 percent of the mode share for daily 
commute trips. Conversely, the transit industry, which was significantly impacted during 


 


 
335 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1E. finalejacrecs.pdf 
(arb.ca.gov). 
336 U.S. Department of Transportation. 2021. December 2021 Traffic Volume Trends. Figure 3 - 
Seasonally Adjusted Vehicle Miles Traveled by Month. 
https://www.fhwa.dot.gov/policyinformation/travel_monitoring/21dectvt/figure3.cfm. 



https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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the lockdown months, and has struggled to recover; ridership only averages two-thirds of 
pre-pandemic levels,337 338 and service levels also lag behind. 


Sustained VMT reductions have been difficult to achieve for much of the past decade, in 
large part due to entrenched transportation, land use, and housing policies and practices. 
Specifically, historic decision-making favoring single-occupancy vehicle travel has 
shaped development patterns and transportation policy, generating further growth in 
driving (and making transit, biking and walking less viable alternatives). These policies 
have also reinforced long-standing racial and economic injustices that leave people with 
little choice but to spend significant time and money commuting long distances, placing a 
disproportionate burden on low-income Californians, who pay the highest proportion of 
their wages on housing and transportation. While CARB has included VMT reduction 
targets and strategies in the Scoping Plan and appendices, these targets are not 
regulatory requirements, but would inform future planning processes. CARB is not setting 
regulatory limits on VMT in the 2022 Scoping Plan; the authority to reduce VMT largely 
lies with state, regional, and local transportation, land use, and housing agencies, along 
with the Legislature and its budgeting choices. 


Appendix E (Sustainable and Equitable Communities) elaborates on reasons for reducing 
VMT and identifies a series of policies that, if implemented by various responsible 
authorities, could help to achieve the recommended VMT reduction trajectory included in 
this Scoping Plan (and related mode share increases for transit and active transportation). 
These policies aim to advance four strategic objectives: 


1. Align current and future funding for transportation infrastructure with the state’s 
climate goals, preventing new state-funded projects from inducing significant 
VMT growth and supporting an ambitious expansion of transit service and other 
multimodal alternatives.  


2. Move funding for transportation beyond the gasoline and diesel taxes and 
implement fuel-agnostic pricing strategies that accomplish more productive 
uses of the roadway network and generate revenues to further improve transit 
and other multimodal alternatives.  


3. Deploy autonomous vehicles, ride-hailing services, and other new mobility 
options toward high passenger-occupancy and low VMT-impact service 
models that complement transit and ensure equitable access for priority 
populations.  


4. Encourage future housing production and multi-use development in infill 
locations and other areas in ways that make future trip origins and destinations 


 


 
337 U.S. Government Accountability Office. January 25, 2022. During COVID-19, Road Fatalities 
Increased and Transit Ridership Dipped. https://www.gao.gov/blog/during-covid-19-road-fatalities-
increased-and-transit-ridership-dipped.  
338 American Public Transportation Association. APTA - Ridership Trends. https://transitapp.com/APTA. 



https://www.gao.gov/blog/during-covid-19-road-fatalities-increased-and-transit-ridership-dipped
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closer together and create more viable environments for transit, walking, and 
biking. 


  
The pace of change to reduce VMT must be accelerated. Certainly, structural reform will 
be challenging, but California has demonstrated time and again that it possesses the 
collective leadership and commitment to break away from ideas that no longer represent 
Californians’ values and their aspirations for the many generations to come. 


Strategies for Achieving Success 


• Achieve a per capita VMT reduction of at least 25 percent below 2019 levels by 
2030 and 30 percent below 2019 levels by 2045. 339 


• Reimagine new roadway projects that decrease VMT in a way that meets 
community needs and reduces the need to drive.  


• Invest in making public transit a viable alternative to driving by increasing 
affordability, reliability, coverage, service frequency, and consumer experience.340 


• Implement equitable roadway pricing strategies based on local context and need, 
reallocating revenues to improve transit, bicycling, and other sustainable 
transportation choices.341 


• Expand and complete planned networks of high-quality active transportation 
infrastructure.342 


• Channel the deployment of autonomous vehicles, ride-hailing services, and other 
new mobility options toward high passenger-occupancy and low VMT-impact 
service models that complement transit and ensure equitable access for priority 
populations. 


• Streamline access to public transportation through programs such as the California 
Integrated Travel Project.  


• Ensure alignment of land use, housing, transportation, and conservation planning 
in adopted regional plans, such as regional transportation plans (RTP)/ sustainable 
communities strategies (SCS), regional housing needs assessments (RHNA), and 
local plans (e.g., general plans, zoning, and local transportation plans), and 
develop tools to support implementation of these plans. 


 


 
339 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1D. finalejacrecs.pdf 
(arb.ca.gov). 
340 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1D. finalejacrecs.pdf 
(arb.ca.gov). 
341 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1D. finalejacrecs.pdf 
(arb.ca.gov). 
342 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1F. finalejacrecs.pdf 
(arb.ca.gov). 
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• Accelerate infill development and housing production at all affordability levels in 
transportation-efficient places, with a focus on housing for lower-income residents. 


Clean Electricity Grid 


Much of the state’s success to date in reducing GHGs is due to decarbonization of the 
electricity sector as a result of the RPS, SB 100 implementation, and the Cap-and-Trade 
Program. Moving forward, a clean, affordable, and reliable electricity grid will serve as a 
backbone to support deep decarbonization across California’s economy. Under this 
Scoping Plan, the role of electricity in powering the economy will grow in almost every 
sector.  


In 2021, 70 percent of California electricity demand was served by in-state power plants 
totaling about 82 GW, with the rest coming from out-of-state imports.343 Additionally, 
approximately 8 GW of customer solar photovoltaic capacity has been installed to date to 
help with in-state demand.344 Figure 4-3 shows the breakdown of in-state and imported 
sources of electricity.  


 


 
343 CEC. 2021. Electric Generation Capacity and Energy. Data available at: 
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/electric-generation-
capacity-and-energy and CEC. 2021. Total System Electric Generation. Data available at: 
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2021-total-system-
electric-generation. Capacity values are nameplate capacity from sources 1 MW and larger. 
344 CEC. 2021. SB 100 Joint Agency Report Summary: Achieving 100% Clean Electricity in California, An 
Initial Assessment. 10. https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-
achieving-100-percent-clean-electricity. 
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Figure 4-3: 2021 total system electric generation (based on GWh)345 


 
In 2021, about 48 percent of electricity generation serving California came from non-
renewable and unspecified346 resources, while 52 percent came from renewable and 
zero-carbon resources. The state’s Strategic Reliability Reserve, established in AB 205 
to provide additional reliability insurance during extreme events, may make three of the 
fossil gas-fired OTC plants planned for retirement available to support the grid on a limited 
basis after 2023. The state also adopted legislation to facilitate extension of the Diablo 
Canyon Nuclear Power Plant for five years beyond its 2025 planned closure.347 At the 


 


 
345 Total system generation is the sum of all utility-scale, in-state generation, plus net electricity imports. 
CEC. 2021 Total System Electricity Generation. https://www.energy.ca.gov/data-reports/energy-
almanac/california-electricity-data/2021-total-system-electric-generation.  
346 Unspecified power refers to electricity that is not traceable to a specific generating facility, such as 
electricity traded through open market transactions. It typically consists of a mix of resources and may 
include renewables. 
347 In accordance with SB 846 (Dodd, Chapter 239, Statutes of 2022). 
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same time, the state continues to rapidly expand deployment of clean energy generation 
and storage resources and plan for increased electrification.348 This is critical to reducing 
GHG emissions and addressing the long-term impacts of climate change. 


Climate change is causing unprecedented stress on California’s energy system—driving 
high demand and constraining supply. Heat, drought, and wildfires can both reduce 
electricity supply from reductions in hydropower generation and impacts on generation 
and transmission performance, and increase demand, especially in the evening hours 
when solar generation is declining.  


California has experienced three straight years of energy reliability challenges, including 
a multi-day extreme heat event across the western United States with temperatures up 
to 20 degrees above normal in California, resulting in rotating outages in August 2020. In 
2021, heat waves in June prompted a Grid Warning and the onset of emergency 
conditions, and the Bootleg Fire caused the loss of one transmission line, reducing import 
capability by 3,000 megawatts into the California Independent System Operator (CAISO) 
balancing authority area. And from August 31–September 9, 2022, a 10-day extreme heat 
event resulted in an unprecedented, sustained period of high peak loads in the CAISO 
system, averaging 47,000 MW and maxing at an all-time record of over 52,000 MW on 
September 6. The Western region also hit its record peak load on September 6, at 167.5 
GW. 


Reliable electricity service was maintained throughout the 10-day September 2022 heat 
wave in spite of the record breaking load levels. Factors that contributed to this outcome 
include the installation of over 3,500 MW of lithium-ion battery storage since summer 
2020, enhanced coordination and communication within and outside of California, 
engagement with customer groups and other stakeholders, state actions to reduce load 
during critical times, and the additional capacity provided through the Strategic Reliability 
Reserve and other new state programs authorized in the 2022 Budget to provide load 
reduction and support the grid in extreme events. CEC, CPUC, CAISO, and the California 
Department of Water Resources will continue to build out strategies to enhance reliability 
in light of the increasing and compounding impacts of climate change on the electricity 
system. 


 


 
348 In June 2021, the CPUC adopted D.21-06-035 directing procurement of 11,500 MW of new capacity 
between 2023 and 2026 to ensure systemwide electric reliability as Diablo Canyon and several OTC 
facilities retire. It requires that, out of the 11,500 MW, 2,500 MW must be from zero-emission resources. 
Additionally, 2,000 MW must be long lead-time resources, with at least 1,000 MW of long-duration 
storage and 1,000 MW of firm capacity with zero on-site emissions or that qualifies under the RPS 
eligibility requirements.  







198 


 


While the electricity sector is using less fossil fuel due to increasing amounts of 
renewables,349 existing fossil gas generation will continue to play a critical role in grid 
reliability until other clean, dispatchable alternatives can be deployed at scale. The 
integration of greater amounts of variable renewable generation resources350 is changing 
power system planning and operations, and system operators need resources with 
flexible attributes to balance shifting supply and demand.  


High levels of solar generation can lead to instances of oversupply during the middle of 
the day, when the sun is brightest.351 In the evening hours, as the sun is setting, solar 
generation declines to zero and customers with solar generation shift back to the electric 
grid. In hot weather, customer demand remains high well into the summer evening period 
to power air conditioning, which can lead to reliability challenges.352  


Figure 4-4 shows the energy sources used throughout one summer day in July. 
Renewable energy is consistent during the middle of the day, but it cannot meet all of the 
evening demand in the gray area. As illustrated in the figure, fossil gas generation is 
currently a resource that is typically ramped up to meet this evening demand as solar 
production begins to drop and electrical loads increase To help address this challenge, 
resource installations that pair solar with batteries, as well as a greater amount of battery 
build-out, are coming online currently and over the next five years. Nevertheless, the 
state’s electricity grid is expected to be stressed further in the coming years by heat 
waves, drought, wildfires, and the growing intermittent power supply from renewables. 
California must accelerate deployment of diverse clean energy resources to maintain 
reliability and affordability in the face of climate change. 


 


 
349 CARB. 2022. California Greenhouse Gas Emissions for 2000 to 2020. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf. 
350 A variable renewable generation resource is a renewable source of electricity that is non-dispatchable 
due to its fluctuating nature and only produces electricity when weather conditions are right, such as 
when the sun is shining or the wind is blowing. Renewable resources that can be controlled and are 
dispatchable include geothermal, biomass, and dam-based hydroelectric power. 
351 Brightness is used colloquially here; solar energy depends on insolation (e.g., sun-hours), which is the 
measurement of cumulative solar energy that reaches an area over a period of time.  
352 CAISO, CPUC, and CEC. 2021. Final Root Cause Analysis: Mid-August 2020 Extreme Heat Wave. 
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf.  
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Figure 4-4: Electricity supply trend by resource for a California summer day,  
July 2022 


 


Sector Transition 
Decarbonizing the electricity sector is a crucial pillar of this Scoping Plan. It depends on 
both using energy more efficiently and replacing fossil-fueled generation with renewable 
and zero carbon resources, including solar, wind, energy storage,353 geothermal, 
biomass, and hydroelectric power. The RPS Program354 and the Cap-and-Trade Program 
continue to incentivize dispatch of renewables over fossil generation to serve state 
demand. SB 100 increased RPS stringency to require 60 percent renewables by 2030 
and for California to provide 100 percent of its retail sales355 of electricity from renewable 
and zero-carbon resources by 2045. Furthermore, SB 1020 has added interim targets to 


 


 
353 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF1, NF2. finalejacrecs.pdf 
(arb.ca.gov). 
354 The CEC estimates that 36 percent of California’s 2019 retail electricity sales was served by RPS-
eligible renewable resources (see CPUC. 2021. CPUC Perspectives on Electric Sector 
Decarbonization. https://ww2.arb.ca.gov/sites/default/files/2021-11/CPUC-sp22-electricity-ws-11-02-
21.pdf). 
355 SB 100 speaks only to retail sales and state agency procurement of electricity. The 2021 SB 100 Joint 
Agency Report interprets this to mean that other loads—wholesale or non-retail sales and losses from 
storage and transmission and distribution lines—are not subject to the law. 
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SB 100’s policy framework to require renewable and zero-carbon resources to supply 
90 percent of all retail electricity sales by 2035 and 95 percent of all electricity retail sales 
by 2040; the governor has asked the CEC to establish a planning goal of at least 20 GW 
of offshore wind by 2045; and the governor directed that state agencies plan for an energy 
transition that avoids the need for new fossil gas capacity to meet California’s long-term 
energy goals.356 In addition to grid-level resources, state efforts have supported rapid 
growth of the distributed solar industry through key actions like the California Solar 
Initiative (SB 1, Murray, Chapter 132, Statues of 2006).357 Steps to commercialize 
microgrids powered by clean resources358 are also being examined as part of SB 1339 
(Stern, Chapter 566, Statutes of 2018).359 


California also continues to advance its appliance and building energy efficiency 
standards to reduce growth in electricity consumption and meet the SB 350 goal to double 
statewide energy efficiency savings in electricity and fossil gas end uses360 by 2030. In 
2018, the CEC adopted a building energy efficiency code requiring most new homes to 
have solar photovoltaic systems361 (or be powered by a solar array nearby) starting 
January 1, 2020. In 2019, California reached the milestone of 1 million solar rooftop 
installations.  


Increased transportation and building electrification and continued policy commitment to 
behind-the-meter solar and storage will continue to drive growth of microgrids and other 
distributed energy resources (DER).362 The CPUC’s High-DER proceeding is examining 
how to prepare the electric grid for a high DER future by determining how to integrate 


 


 
356 Newsom, Gavin. July 22, 2022. Letter from Governor Newsom to CARB Chair Liane Randolph. 
https://www.gov.ca.gov/wp-content/uploads/2022/07/07.22.2022-Governors-Letter-to-CARB.pdf. 
357 More information on the program, which closed in 2016, can be found on the CPUC website, including 
annual program assessment reports, at: https://www.cpuc.ca.gov/industries-and-topics/electrical-
energy/demand-side-management/california-solar-initiative. 
358 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, In part (NF2, NF13). 
finalejacrecs.pdf (arb.ca.gov). 
359 CPUC. Resiliency and Microgrids. https://www.cpuc.ca.gov/industries-and-topics/electrical-
energy/infrastructure/resiliency-and-microgrids. 
360 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF1, ES1. finalejacrecs.pdf 
(arb.ca.gov). 
361 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF2. finalejacrecs.pdf 
(arb.ca.gov). 
362 Distributed energy resources include rooftop solar and other distributed renewable generation 
resources, energy storage, electric vehicles, time variant and dynamic electric rates, flexible load 
management, demand response, and energy efficiency technologies.  
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millions of DERs within the distribution grid to maximize societal and ratepayer benefits 
from DERs while ensuring grid reliability and affordable rates.363  


SB 350 also aims to connect long-term planning for electricity needs with the state’s 
climate targets. This is primarily accomplished through CARB’s establishment of 2030 
GHG emissions targets for the electricity sector in general and for each electricity 
provider, which inform the CPUC and publicly owned utilities’ integrated resource 
planning. A GHG planning target range of 30 to 53 MMTCO2e—informed by the 2017 
Scoping Plan—was originally developed and adopted by CARB in 2018. In its 2021 IRP 
planning cycle, the CPUC adopted a 38 MMT GHG target for the electricity sector in 2030, 
which drops to 35 MMT in 2032.364  


The Scoping Plan Scenario incorporates SB 350’s energy efficiency doubling goal, aligns 
with the CPUC’s IRP 2030 GHG target and latest GHG emissions benchmarks through 
2035,365 the governor’s 20 GW offshore wind and no new gas generation366 goals, and 
SB 100’s 2030 RPS and 2045 zero-carbon retail sales targets to reduce dependence on 
fossil fuels in the electricity sector by transitioning substantial energy demand to 
renewable and zero-carbon resources.367 As described in Chapter 2, CCS is applied in 
limited sectors, including on 16.7 MMT of CO2 from existing fossil gas electricity 
generation in 2045, to ensure the state achieves the 85 percent reduction in 
anthropogenic emissions required by AB 1279. Continued transition to renewable and 


 


 
363 The High-DER proceeding is one of four “anchor” proceedings in the CPUC’s DER Action Plan 2.0 and 
is within the Action Plan’s infrastructure track. Information on the High-DER proceeding is available at: 
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/infrastructure/distribution-planning. The 
Action Plan can be accessed at: https://www.cpuc.ca.gov/about-cpuc/divisions/energy-division/der-action-
plan.  
364 The February 10, 2022, Decision 22-02-004 by the CPUC adopts the 2021 Preferred System Plan, 
completing the 2019–21 IRP cycle. 
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF. The Decision 
requires load serving entities to submit plans in the next IRP cycle detailing how they will meet their 
proportionate share of a 30 MMT electric sector target, as well as a 38 MMT GHG target.  
365 June 15, 2022, Administrative Law Judge’s Ruling for 2022 integrated resource plan filings specifies 
the need for GHG targets to plan for in 2035 to continue progress toward the 2045 goal. The ruling 
proposes a straight-line projection from the GHG planning target for 2030. Corresponding to the adopted 
Preferred System Plan in D.22-02-004, 38 MMT in 2030 leads to a target of 30 MMT in 2035. 
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M485/K625/485625915.PDF. 
366 The governor’s July 22, 2022, letter specifies no new gas generation but does not place any 
constraints on existing gas resources. Therefore, for purposes of RESOLVE electricity sector modeling, 
existing gas capacity is an available resource that is able to be reduced over time based on announced 
retirements or if selected for retirement by the model. 
367 CARB. 2021. PATHWAYS Scenario Modeling: 2022 Scoping Plan Update – Attachment B: Generation 
Technologies to be included in Modeling. https://ww2.arb.ca.gov/sites/default/files/2021-
12/Revised_2022SP_ScenarioAssumptions_15Dec.pdf. 
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zero-carbon electricity resources will enable electricity to become a zero-carbon 
substitute for fossil fuels across the economy.  


Figure 4-5 shows the modeled resource capacity to meet the SB 100 retail sales target.368 
Energy efficiency moderates some of the need for additional electricity generation. 
However, that is quickly surpassed by growing electricity demand of 26 percent by 2030 
and 76 percent by 2045 compared to today (2022) from increased population and 
electrification of other sectors, as shown in Figure 4-6. The estimated resource build 
needed to meet this level of demand amounts to approximately 72 GW of utility solar369 
and 37 GW of battery storage by 2045. Annual build rates (over the 2022–2035 period) 
for the Scoping Plan Scenario will need to increase by about 60 percent and over 700 
percent for utility solar and battery storage, respectively, compared to historic maximum 
rates.370 To reach the 2045 target, the state will need to quadruple its current level of wind 
and solar capacity. This does not include capacity associated with hydrogen production 
nor mechanical CDR, which was modeled off-grid; assuming hydrogen production via 
electrolysis, this would roughly be equivalent to an additional 10 GW371 of solar generation 
needed in 2045, and an additional 64 GW of solar generation for direct air capture in 
2045. The scale of solar and battery build rates needed could be reduced through the 
commercialization of new zero-carbon technologies.  


 


 
368 SB 846 requires that load-serving entities exclude energy, capacity, or any attribute from the Diablo 
Canyon power plant in their resource plans. The Scoping Plan Scenario excludes energy, capacity, or 
any attribute from the Diablo Canyon power plant after the prior planned retirement date of 2025. 
369 The amount of additional customer solar included in the Scoping Plan Scenario is 29,208 MW by 2045. 
370 E3. 2022. CARB Scoping Plan: AB32 Source Emissions Final Modeling Results. PowerPoint. 
https://ww2.arb.ca.gov/sites/default/files/2022-11/SP22-MODELING-RESULTS-E3-PPT.pdf. Build rates 
are from EIA data historical builds in the 2011–2021 time frame. 
371 The estimate does not include hydrogen production assumed to be produced with bioenergy with 
carbon capture and storage (BECCS) and steam methane reforming (SMR).  
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Figure 4-5: Projected new electricity resources needed by 2045 in the Scoping Plan 
Scenario372 


 


 


 
372 See https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx for the 
capacity build-out by resource type. 
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Figure 4-6: Electric loads in 2022, 2030 and 2045 for the Scoping Plan Scenario373 


 


This transformation will drive investments in a large fleet of generation and storage 
resources but will also require significant transmission to accommodate these new 
capacity additions. Transmission needs include high-voltage lines to access out-of-state 
resources and major in-state generation pockets. In consideration of typical 8- to 10-year 
lead times for many projects, the CAISO published its first 20-Year Transmission Outlook 
to inform transmission planning focused on meeting the needs identified through the 2021 
SB 100 Joint Agency Report process. The outlook calls for significant transmission 
development to access offshore wind and out-of-state wind and reinforce the existing 
CAISO footprint at an estimated cost of $30.5 billion.374  


Presently, fossil gas power plants provide about 75 percent of the flexible capacity for 
grid reliability as more renewable power enters the system. Moving forward, other 
resources such as storage and demand-side management are essential to maintain 
reliability with high concentrations of renewables. Hydrogen produced from renewable 
resources and renewable feedstocks can serve a dual role as a low-carbon fuel for 
existing combustion turbines or fuel cells, and as energy storage for later use. Reliability 


 


 
373 Other Transportation includes all non-light-duty vehicles and reflects electrification of modes like 
passenger and freight rail, aviation, and ocean-going vessels. 
374 CAISO. 2022. 20 Year Transmission Outlook. http://www.caiso.com/InitiativeDocuments/20-
YearTransmissionOutlook-May2022.pdf. 
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also can be supported through increased coordination and markets in the interconnected 
western power grid; this is already helping to better integrate renewables.375 


Strategies for Achieving Success 


• Use long-term planning processes (Integrated Energy Policy Report, IRP, CAISO 
Transmission Planning Process, AB 32 Climate Change Scoping Plan) to support 
grid reliability and expansion of renewable and zero-carbon resource and 
infrastructure deployment. 


• Complete systemwide and local reliability assessments across CAISO and other 
balancing authority areas, using realistic assumptions for land use, build rates, 
statewide and distribution system level constraints, and energy needs. Such 
assessments should be completed before state agencies update their electricity 
sector GHG targets. 


• Prioritize actions to mitigate impacts to electricity reliability and affordability and 
provide sufficient flexibility in the state’s decarbonization roadmap for adjustments 
as may be needed. 


• Facilitate long lead-time resource development through the IRP and the SB 100 
interagency process and through technology development and demonstration 
funding376 that includes resources such as long-duration energy storage and 
hydrogen production. 


• Continue coordination between energy agencies and energy proceedings to 
maximize opportunities for demand response. 


• Continue to explore the benefits of regional markets to enhance decarbonization, 
reliability, and affordability. 


• Address resource build-out challenges, including permitting, interconnection, and 
transmission network upgrades. 


• Explore new financing mechanisms and rate designs to address affordability.377 
• Per SB 350, double statewide energy efficiency savings in electricity and fossil gas 


end uses by 2030, through a combination of energy efficiency and fuel substitution 
actions.378 


• Per SB 100 and SB 1020, achieve 90 percent, 95 percent, and 100 percent 


 


 
375 CEC. 2021. 2021 SB 100 Joint Agency Report – Achieving 100 Percent Clean Electricity in California: 
An Initial Assessment. Publication Number: CEC-200-2021-001. 
376 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, ES2. The committee 
recommendation speaks specifically to offshore wind production. finalejacrecs.pdf (arb.ca.gov). 
377 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF30. finalejacrecs.pdf 
(arb.ca.gov). 
378 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF1, NF2. finalejacrecs.pdf 
(arb.ca.gov). 
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renewable and zero-carbon retail sales by 2035, 2040, and 2045, respectively. 
• Evaluate and propose, as needed, changes to strengthen the Cap-and-Trade 


Program. 
• Target programs and incentives to support and improve access to renewable and 


zero-carbon energy projects (e.g., rooftop solar, community owned or controlled 
solar or wind, battery storage, and microgrids) for communities most at need, 
including frontline, low-income, rural, and indigenous communities.379 


• Prioritize public investments in zero-carbon energy projects to first benefit the most 
overly burdened communities affected by pollution, climate impacts, and 
poverty.380 


 


Sustainable Manufacturing and Buildings  
Fossil gas is the primary gaseous fossil fuel used to produce heat at industrial facilities, 
as well as in residential and commercial buildings. In buildings, space and water heating, 
cooking, and clothes drying all rely on gaseous fuels today. Industrial processes that 
require heat for conventional boilers and other processes also rely on gaseous fuels. 
Refineries rely on fossil gas and other gaseous fossil fuels, like liquefied petroleum gas 
and refinery fuel gas, and fossil gas is also used to generate electricity, as discussed 
earlier. 


Gaseous fossil fuel use can be displaced by four primary alternatives: zero-carbon 
electricity, solar thermal heat, hydrogen, and biogas/biomethane. Displacing gaseous 
fossil fuel use can yield indoor air quality benefits, protect public health and property from 
unexpected fossil gas leaks, and reduce short-lived climate pollutants, which are many 
times more potent in affecting climate change than CO2. The Scoping Plan Scenario 
reduces dependence on fossil gas in the industrial and building sectors by transitioning 
substantial energy demand to alternative fuels. Reducing fossil gas combustion also will 
help toward achieving our air quality and equity goals by reducing pollution in neighboring 
areas and communities. In addition, reduced dependence on gasoline and diesel in the 
transportation sector diminishes the need for gaseous fossil fuels to support oil and gas 
production and petroleum refining operations as those are phased down relative to the 
demand. 


 


 
379 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF2, NF9, NF11, NF12, NF13. 
finalejacrecs.pdf (arb.ca.gov). 
380 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF14. finalejacrecs.pdf 
(arb.ca.gov). 
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Sector Transition 
Industry 
California’s industrial sector contributes significantly to the state’s economy, with a total 
output from manufacturing in 2019 of $324 billion (10.4 percent of the state total)381 and 
employment of 1,222,000 manufacturing jobs (7.6 percent of the total state workforce).382 
California industry includes a diverse range of facilities, including cement plants, 
refineries, glass manufacturers, oil and gas producers, paper manufacturers, mining 
operations, metal processors, and food processors. Combustion of fossil gas, other 
gaseous fossil fuels, and solid fossil fuels provide energy to meet three broad industry 
needs: electricity, steam, and process heat. Non-combustion emissions result from 
fugitive emissions and from the chemical transformations inherent to some manufacturing 
processes. About 20 percent of the GHG emissions from the industrial sector are non-
combustion emissions. 


Decarbonizing industrial facilities depends upon displacing fossil fuel use with a mix of 
electrification, solar thermal heat, biomethane, low- or zero-carbon hydrogen, and other 
low-carbon fuels to provide energy for heat and reduce combustion emissions. Emissions 
also can be reduced by implementing energy efficiency measures and using substitute 
raw materials that can reduce energy demand and some process emissions. Some 
remaining combustion emissions and some non-combustion CO2 emissions can be 
captured and sequestered. The strategy employed will depend on the industrial subsector 
and the specific processes utilized in production. The left side of Figure 4-7 illustrates the 
fuels used to meet industrial manufacturing energy demand in 2020. Industrial 
manufacturing energy demand needs to transition to the fuel mix shown for 2035 and 
2045. The right side of Figure 4-7 illustrates the fuel mix needed to meet the energy 
demand of oil and gas extraction and petroleum refining operations for the same years. 
Energy demand in this portion of the industrial sector declines along with decreased 
demand for gasoline and diesel in the transportation sector. In both figures there is a 
continuing demand for fossil gas due to lack of non-combustion technologically feasible 
or cost-effective alternatives for certain industrial sectors. Policies that support 
decarbonization strategies like electrification, use of renewable energy, and transition to 
alternative fuels are needed. 


 


 
381 National Association of Manufacturers (NAM). 2021 California Manufacturing Facts. 
https://www.nam.org/state-manufacturing-data/2021-california-manufacturing-facts/.  
382 NAM. 2021 California Manufacturing Facts. https://www.nam.org/state-manufacturing-data/2021-
california-manufacturing-facts/.  
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Figure 4-7: Final energy demand in industrial manufacturing (left) and in oil and 
gas extraction and petroleum refining (right) in 2022, 2030, and 2045 in the Scoping 
Plan Scenario383 


 


Electrification and solar thermal heat are best-suited to industrial processes that have 
relatively low heat requirements, such as food processors, paper mills, and industries that 
use low-pressure steam in their processes. Approaches could include replacing fossil gas 
boilers with electric boilers, process heaters with industrial electric heat pumps, steel 
forging furnaces with induction heaters, and implementing other sector-specific process 
electrification. Under current rate structures for industrial electricity and fossil gas in 


 


 
383 Other fuel in the industrial manufacturing sector is primarily coke and coal for cement production. 
Other fuel in the petroleum refining sector is primarily fossil gas associated with refining petroleum 
products. 
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California, most projects to electrify a fossil gas-powered industrial process will face 
operating cost barriers and potential reliability concerns. Microgrids powered by 
renewable resources and with battery storage are emerging as a key enabler of 
electrification and decarbonization at industrial facilities. 


There are fewer commercially available and economically viable electrification options to 
replace industrial processes that require higher-temperature heat. For these processes, 
onsite combustion may continue to be needed, and decarbonization will require fuel 
substitution to hydrogen,384 biomethane, or other low-carbon fuels. Fuel substitution and 
continued combustion will require monitoring and mitigation of any potential air quality 
impacts, especially in low-income and communities of color which already face 
disproportionate air pollution burdens. Industries in California with high heat needs 
include steel forging, glass manufacturing, and industries with calcination processes, 
such as manufacturing lime and cement.  


Onsite emissions from cement manufacturing derive from two main sources: (1) fuel 
combustion to heat the kiln to a very high temperature and (2) process CO2 emissions 
from the chemical transformation of limestone. Over 60 percent of emissions from the 
sector are process emissions unrelated to fuel use, and most emissions related to fuel 
use are from coal and petroleum coke combustion. Process emissions from cement 
manufacturing are significant and will continue even if the sector were to operate using 
only zero-carbon fuels; thus carbon capture and use/sequestration will be a likely 
component of any strategy to fully decarbonize cement manufacturing. There are 
additional opportunities to reduce GHG emissions from cement manufacturing via the 
combination of fuel-switching to low-carbon fuels (e.g., biomethane, municipal solid 
waste, biochar), increased blending of non-clinker materials, and efficiency 
improvements. High technological and economic barriers exist to electrifying kiln process 
heat at cement plants, as clinker production requires temperatures in excess of 1,500°C. 
There are potential decarbonization opportunities throughout the value chain of cement 
use, including in cement manufacturing, concrete mixing, and construction practices.385 
SB 596 (Becker, Chapter 246, Statutes of 2021), which was signed by Governor Newsom 
in September 2021, requires CARB to develop a comprehensive strategy for cement use 
in California to achieve a GHG intensity 40 percent below 2019 levels by 2035, and net-
zero emissions by 2045. 


 


 
384 Griffiths, Steve, Benjamin K. Sovacool, Jinsoo Kim, Morgan Bazilian, and Joao M. Uratani. 2021. 
“Industrial decarbonization via hydrogen: A critical and systematic review of developments, socio-
technical systems and policy options.” Energy Research & Social Science 80. 102208, ISSN 2214-6296. 
https://doi.org/10.1016/j.erss.2021.102208. 
385 California Nevada Cement Association. Achieving Carbon Neutrality in the California Cement Industry. 
https://cncement.org/attaining-carbon-neutrality.  
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Oil and gas extraction and refining make up over half of California’s industrial GHG 
emissions. Reduced demand for transportation fossil fuels corresponds to reduced supply 
of fossil gas and other gaseous fossil fuels for refineries to produce these fuels. Some 
refining operations will continue to operate to produce fossil fuel for the remaining 
transportation energy demands, along with renewable diesel and sustainable aviation 
fuel, as discussed in the Transportation Sustainability section of this chapter. 


Across industrial subsectors and processes, California facilities also could realize 
significant reductions in GHG emissions and energy-related costs by implementing 
advanced energy efficiency projects and tools.386 While enhanced operation and 
maintenance practices are typical at industrial facilities, additional strategic energy 
management practices offer greater efficiency gains by focusing on setting goals, tracking 
progress, and reporting results. 


Strategies for Achieving Success 


• Maximize air quality benefits using the best available control technologies for 
stationary sources in communities most in need, including frontline, low-income, 
disadvantaged, rural, and tribal communities.387 


• Prioritize alternative fuel transitions first in communities most in need, including 
frontline, low-income, disadvantaged, rural, and tribal communities.388 


• Invest in research and development and pilot projects to identify options to reduce 
materials and process emissions along with energy emissions in California’s 
industrial manufacturing facilities, leveraging programs like the CEC’s Electric 
Program Investment Charge (EPIC).389 


• Evaluate and propose, as needed, changes to strengthen the Cap-and-Trade 
Program. 


• Support electrification with changes to industrial rate structures. 
• Develop infrastructure for CCS and hydrogen production to reduce GHG emissions 


where cost-effective and technologically feasible non-combustion alternatives are 
not available. 


• Implement SB 905. 


 


 
386 Therkelsen, Peter, Aimee McKane, Ridah Sabouini, and Tracy Evans. 2013. Assessing the Costs and 
Benefits of the Superior Energy Performance Program. U.S Department of Energy. 
https://www.osti.gov/servlets/purl/1165470. 
387 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, JT14. finalejacrecs.pdf 
(arb.ca.gov). 
388 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, JT15. finalejacrecs.pdf 
(arb.ca.gov). 
389 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, M20. finalejacrecs.pdf 
(arb.ca.gov). 
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• Establish markets for low-carbon products and recycled materials using Buy Clean 
California Act and other mechanisms relying on robust data 


• Develop a net-zero cement strategy to meet SB 596 targets for the GHG intensity 
of cement use in California. 


• Continue to leverage energy-efficiency programs, including the U.S. DOE’s 
ENERGY STAR program,390 U.S. DOE’s Superior Energy Performance 
program,391 and ISO 50001.392 


• Evaluate and continue to offer incentives to install energy efficiency and renewable 
energy technologies through programs such as CPUC decisions as part of 
rulemaking R.19-09-009393 and the CEC’s Food Production Investment Program 
(FPIP) and EPIC programs.394 


• Leverage low-carbon hydrogen programs, including the Bipartisan Infrastructure 
Law, for regional hydrogen hubs, hydrogen electrolysis, and hydrogen 
manufacturing and recycling. 


• Evaluate the role of hydrogen in meeting GHG emission reductions, including 
policy recommendations regarding the use of hydrogen in California as required 
by SB 1075. 


• Address cost barriers to promote low-carbon fuels for hard-to-electrify industrial 
applications. 


Buildings 
Buildings have cross-sector interactions that influence our public health and well-being 
and affect land use and transportation patterns, energy use, water use, and indoor and 
outdoor environments.395 There are about 14 million existing homes and over 7.5 billion 
square feet of existing commercial buildings396 in California. Fossil gas supplies about 
half of the energy consumed by end uses in these buildings. In addition to GHG 
emissions, fossil gas usage in buildings also produces CO2, NOx, PM2.5, and 


 


 
390 ENERGY STAR. ENERGY STAR Guidelines for Energy Management. 
https://www.energystar.gov/buildings/tools-and-resources/energy-star-guidelines-energy-management. 
391 Energy.gov. Superior Energy Performance 50001. https://www.energy.gov/eere/amo/superior-energy-
performance.  
392 ISO. ISO 50001 Energy Management. https://www.iso.org/iso-50001-energy-management.html. 
393 CPUC. January 14, 2021. CPUC Adopts Strategies to Help Facilitate Commercialization of Microgrids 
Statewide. https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M360/K370/360370887.PDF. 
394 Bailey, Stephanie, David Erne, and Michael Gravely. 2021. Final 2020 Integrated Energy Policy Report 
Update, Volume II: The Role of Microgrids in California’s Clean and Resilient Energy Future, Lessons 
Learned From the California Energy Commission’s Research. California Energy Commission. Publication 
Number: CEC-100-2020-001-V2-CMF. 
395 See Appendix F (Building Decarbonization). 
396 CEC. 2021. California Building Decarbonization Assessment. 
https://efiling.energy.ca.gov/GetDocument.aspx?tn=239311&DocumentContentId=72767.  
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formaldehyde.397 Each year, about 120,000 new homes398 and more than 100 million-
square feet399 of commercial buildings are newly constructed across California. These 
new buildings will represent between a third to half of the total building stock by mid-
century.  


Achieving carbon neutrality must include transitioning away from fossil gas in residential 
and commercial buildings, and will rely primarily on advancing energy efficiency while 
replacing gas appliances with non-combustion alternatives. This transition must include 
the goal of trimming back the existing gas infrastructure so pockets of gas-fueled 
residential and commercial buildings do not require ongoing maintenance of the entire 
limb for gas delivery. Blending low-carbon fuels such as hydrogen and biomethane into 
the pipeline further displaces fossil gas. Pipeline safety and reliability must be evaluated 
to accommodate low-carbon fuels. Figure 4-8 illustrates the energy Californians use in 
buildings at present compared with the Scoping Plan Scenario, which introduces 
alternatives to fossil gas. In that scenario almost 90 percent of energy demand is 
electrified by 2045, and the remaining energy demand is met with combustion of 
hydrogen, biomethane, and fossil gas. 


 


 
397 Zhu, Yifang, et al. 2020. Effects of Residential Gas Appliances on Indoor and Outdoor Air Quality and 
Public Health in California. UCLA Fielding School of Public Health Department of Environmental Health 
Sciences.  
398 Construction Industry Research Board. 2018. Annual Building Permit Summary. 
http://www.cirbreport.org. 
399 Delforge, Pierre. August 11, 2021. California Forging Ahead on Zero Emission Buildings. Blog. NRDC. 
https://www.nrdc.org/experts/pierre-delforge/california-forging-ahead-zero-emission-buildings.  



http://www.cirbreport.org/

https://www.nrdc.org/experts/pierre-delforge/california-forging-ahead-zero-emission-buildings
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Figure 4-8: Final energy demand in buildings in 2022, 2030, and 2045 in the Scoping 
Plan Scenario400 


 


This transition is achieved when all new buildings constructed include non-combustion 
appliances, and appliances in existing buildings are replaced at the end of their useful life 
with non-combustion alternatives. Currently, electric alternatives, combined with the 
decarbonizing of California’s grid, are the most effective alternatives, and the Scoping 
Plan Scenario modeled these alternatives. The Scoping Plan Scenario assumes three 
million all-electric and electric-ready homes by 2030 and seven million by 2035. Figure 4-
9 illustrates the pace at which electric space heating appliance sales increase and gas 
space heating appliance sales decrease in residences in the Scoping Plan Scenario, such 
that by 2035 100 percent of residential home appliance sales are electric. By 2030 over 
six million electric heat pumps are installed statewide. The residential electric space 
heating appliance sales increases rapidly in the near term as new all-electric buildings 
are constructed and as existing buildings are renovated to utilize electric appliances. A 
similar transition is envisioned for other home appliances. Commercial buildings also will 
undergo a transition away from gas appliances to electric appliances, achieving 
80 percent sales of all-electric appliances by 2035 and 100 percent by 2045. Appendix F 
(Building Decarbonization) describes a holistic policy approach to rapidly grow the 


 


 
400 Other fuel in the buildings sector is primarily liquid petroleum gas and waste heat. 
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number of zero emission appliances and buildings, to surmount the market barriers, and 
to prioritize an equitable transition for vulnerable communities. 


Figure 4-9: Residential space heating appliance sales in the Scoping Plan Scenario 


 


Strategies for Achieving Success 


• Prioritize California’s most vulnerable residents with the majority of funds in the 
new $922 million Equitable Building Decarbonization program, created through the 
2022–2023 state budget. This would include residents in frontline, low-income, 
disadvantaged, rural, and tribal communities. This program is dedicated to a 
statewide direct-install building retrofit program for low-income households to 
replace fossil fuel appliances with electric appliances, energy-efficient lighting, and 
building insulation and sealing while also coordinating reductions in gas 
infrastructure in specific geographic areas. 


• Achieve three million all-electric and electric-ready homes by 2030 and seven 
million by 2035 with six million heat pumps installed statewide by 2030.  


• Expand incentive programs to support the holistic retrofit of existing buildings, 
especially for vulnerable communities. 


• Ensure that incentive programs prioritize energy affordability and tenant 
protections, promote affordable and low-income household retrofits that improve 
habitability and reduce expenses, protect and empower small landlords and 
homeowners, address overlooked consumer groups, and pair decarbonization 
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with other critically needed renovation efforts to ensure that buildings support 
human health and are climate- and weather-resistant.401 


• End fossil gas infrastructure expansion for newly constructed buildings.402  
• Evaluate and propose, as needed, changes to strengthen the Cap-and-Trade 


Program. 
• Strengthen California’s building standards to support zero-emission new 


construction.  
• Develop building performance standards for existing buildings. 
• Adopt a zero-emission standard for new space and water heaters sold in California 


beginning in 2030, as specified in the 2022 State Strategy for the State 
Implementation Plan. 


• Expand use of low-GWP refrigerants within buildings. 
• Support electrification with changes to utility rate structures and by promoting load 


management programs. 
• Increase funding for incentive programs and expand financing assistance 


programs focused on existing buildings and appliance replacements. 
• Expand consumer education efforts to raise awareness and stimulate the adoption 


of decarbonized buildings and appliances, especially in vulnerable communities. 
• Implement biomethane procurement targets for investor-owned utilities as 


specified in SB 1440 (Hueso, Chapter 739, Statutes of 2018) to reduce GHG 
emissions in remaining pipeline gas and reduce methane emissions from organic 
waste. 


  


 


 
401 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF23, NF24, NF25, NF26, 
NF28. finalejacrecs.pdf (arb.ca.gov). 
402 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF22. finalejacrecs.pdf 
(arb.ca.gov). 



https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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Carbon Dioxide Removal and Capture 


Climate Change 2022: Mitigation of Climate Change,403 a report by the IPCC released in 
early 2022, states “The deployment of CDR to counterbalance hard-to-abate residual 
emissions is unavoidable if net zero CO2 or GHG emissions are to be achieved. The scale 
and timing of deployment will depend on the trajectories of gross emission reductions in 
different sectors. Upscaling the deployment of CDR depends on developing effective 
approaches to address feasibility and sustainability constraints especially at large scales.” 
In line with that report, this Scoping Plan considers CDR as a complement to 
technologically feasible and cost-effective GHG emissions mitigation, and the size of its 
role will depend on the degree of success in reducing GHG emissions at the source 
across the economy. 404 The modeling shows that emissions from the AB 32 GHG 
Inventory sources will continue to persist even if all fossil related combustion emissions 
are phased out. These residual emissions must be compensated for to achieve carbon 
neutrality. Options for CDR include both sequestration in natural and working lands and 
mechanical approaches like direct air capture. Chapter 2 provides estimates on how 
much CO2 removal is possible by our natural and working lands and how much must be 
removed by mechanical CDR. 


CCS, which is carbon capture from anthropogenic point sources, is described in Chapter 
2 and involves capturing carbon from a smokestack of an emitting facility. Direct air 
capture, on the other hand, captures carbon directly from the atmosphere. Direct air 
capture technologies, unlike CCS, are not associated with any particular point source. 


For this section, carbon management refers to the capture, movement, and sequestration 
of CO2 through mechanical solutions for both capture at point sources and direct removal 
from the atmosphere through direct air capture.405 Enabling policies and regulations 
across each of these steps are necessary for individual projects, and on a broader scale, 
for delivering reductions in support of the state’s carbon neutrality and long-term carbon-
negative goals. Figure 4-10 provides a graphic of the typical carbon management 
infrastructure.  


 


 
403 IPCC. 2022. Climate Change 2022: Mitigation of Climate Change. https://www.ipcc.ch/report/sixth-
assessment-report-working-group-3/. 
404 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F4.7. finalejacrecs.pdf 
(arb.ca.gov). 
405 CDR through natural and working lands is discussed in Chapter 2 and later in this chapter. 



https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/

https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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Figure 4-10: Carbon management infrastructure 


Carbon dioxide removal directly from the atmosphere itself refers to a suite of carbon 
negative technologies that can be used to draw down ongoing and historical carbon 
emissions already in the atmosphere. Some CO2 removal technologies leverage the 
abilities of both natural photosynthesis and mechanical removal by using biomass wastes 
as inputs to make low- or zero-carbon energy or fuels, all while capturing and storing 
produced CO2. 


Captured CO2 from point sources or from the atmosphere is permanently stored in 
specialized geologic formations, typically half a mile or more underground. A recent 
Stanford University study estimated the state’s commercial storage potential is nearly 
70,000 million metric tons of CO2, even when excluding oil and gas reservoirs.406 
California is well-positioned because few other places on the West Coast are suitable for 


 


 
406 Stanford Center for Carbon Storage. Opportunities and Challenges for CCS in California. 
https://sccs.stanford.edu/california-projects/opportunities-and-challenges-for-CCS-in-California. 



https://sccs.stanford.edu/california-projects/opportunities-and-challenges-for-CCS-in-California
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geologic storage at scale. To inform discussion around CO2 removal, CARB held two full-
day workshops exploring the types of options for carbon capture and geologic storage 
and utilization in products.407,408,409 


The modeling results provided in Chapter 2 demonstrate the targeted need for CCS on 
large facilities such as refineries and cement. The CCS numbers do not include the 
potential additional applications for producing hydrogen with biomethane, other 
manufacturing, electricity, or other bioenergy. If CCS is not deployed, those emissions 
would be released directly into the atmosphere and instead need to be addressed through 
CDR to achieve carbon neutrality. Although a study finds California has 76 existing 
electricity and industrial facilities that are suitable candidates for CCS retrofit,410 this 
Scoping Plan proposes a targeted role for this technology such that it would only be used 
to address sectors where non-combustion options are not technologically feasible or cost-
effective at this time, to the extent needed to achieve the 85 percent reduction in 
anthropogenic emissions as called for in AB 1279. In future updates to the Scoping Plan, 
there may be additional options for technologically feasible or cost-effective technologies 
that may be deployed, which would further reduce the need for CCS and CDR except in 
situations to address historical GHG emissions. 


Recognizing the need for carbon capture and utilization sequestration and removal, the 
Legislature passed, and the governor signed, SB 905. It includes several key 
requirements in the development of the state’s Carbon Capture Removal, Utilization, and 
Storage Program. The following is a summary of the work to be completed to establish 
and administer this program. Many of these steps will address the need to evaluate the 
safety and efficacy of actions to support carbon removal, sequestration, and transfer via 
pipelines. Note that not all of these actions are under CARB’s authority. 


• Review technology to evaluate efficacy, safety, viability of CCUS/CDR 
methodologies. 


• Develop monitoring and reporting requirements and schedules. 
• Develop a unified permit application. 
• Develop financial responsibility requirements. 
• Develop a centralized public database for project status. 


 


 
407 CARB. December 11, 2019. Carbon Neutrality Meetings & Workshops. https://ww2.arb.ca.gov/our-
work/programs/carbon-neutrality/carbon-neutrality-meetings-workshops. 
408 CARB. August 2, 2021 Scoping Plan Meetings & Workshops. https://ww2.arb.ca.gov/our-
work/programs/ab-32-climate-change-scoping-plan/scoping-plan-meetings-workshops. 
409 Carbon utilization refers to the use of captured carbon to produce products such as plastics and 
concrete. 
410 Glenwright, Kara. 2020. Roadmap for carbon capture and storage in California. Precourt Institute for 
Energy. https://earth.stanford.edu/news/roadmap-carbon-capture-and-storage-california#gs.ysj78q.  
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https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/scoping-plan-meetings-workshops
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• Consult with CNRA on pore space requirements as CNRA develops a framework 
for pore space governing agreements. 


• Establish a Geologic Carbon Sequestration Group to identify suitable injection well 
locations, subsurface monitoring, and potential hazards that may require 
suspension of injection. 


 


SB 905 also has requirements for project developers such as to develop monitoring plans 
and to avoid any adverse health and environmental impacts at the carbon capture 
location—or mitigation of unavoidable impacts as required under existing requirements. 
For the site of injection, there are requirements for site stability, monitoring, and reporting 
plans. SB 905 also bans CCS with enhanced oil recovery in California and prohibits the 
transfer of CO2 via pipeline until the U.S. Department of Transportation’s Pipelines and 
Hazardous Materials Safety Administration (PHMSA) completes its current rulemaking to 
update existing CO2 pipeline safety requirements.  


An often-cited example of pipeline concerns involves a CO2 pipeline in Mississippi. On 
February 22, 2020, a CO2 pipeline operated by Denbury Gulf Coast Pipelines LLC 
(Denbury) ruptured in proximity to the community of Satartia, Mississippi. The rupture 
followed heavy rains that resulted in a landslide, creating excessive axial strain on a 
pipeline weld (DOT 2022). The combination of weather and topography resulted in a 
slower dissipation of the gas. The pipeline was also carrying hydrogen sulfide, a 
flammable and toxic gas. The pipeline failed on a steep embankment, which had recently 
subsided. Heavy rains are believed to have led to a landslide, which created axial strain 
on the pipeline and resulted in a full circumferential girth weld failure. The PHMSA 
investigation also revealed several contributing factors to the accident, including but not 
limited to: Denbury not addressing the risks of geohazards in its plans and procedures, 
underestimating the potential affected areas that could be impacted by a release in its 
CO2 dispersion model, and not notifying local responders to advise them of a potential 
failure.  


As the Satartia example highlights, appropriate pipeline safety and environmental 
standards in California are critical to minimize any risks from CO2 transport in the future. 
As such, SB 905 also tasks CNRA, in consultation with the Public Utilities Commission, 
to, no later than February 1, 2023, provide a proposal to the Legislature to establish a 
state framework and standards for the design, operation, siting, and maintenance of 
intrastate pipelines carrying CO2 fluids of varying composition and phase to minimize the 
risk posed to public and environmental health and safety. The recommended framework 
shall be designed to minimize risk to public health and environmental health and safety, 
to the extent feasible. Because SB 905 prohibits the transfer of CO2 via pipeline until the 
PHMSA completes its current rulemaking to update existing CO2 pipeline safety 
requirements, CCS or CDR projects that would require a pipeline to transfer CO2 are not 
feasible at this time within California. 
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Ultimately, and in accordance with SB 905, the merits of each CCS or CDR project must 
be evaluated on a case-by-case basis.411 Deployment of CCS and CDR could support 
skilled jobs and workforces, including those in traditional fossil energy communities. Other 
co-benefits could include criteria air pollutant reductions and water production. It will be 
important to design projects that do not exacerbate community health impacts, include 
early and ongoing community engagement, and are in compliance with local, state, and 
federal public health and environmental protection laws. It also should be noted that, as 
these types of projects are an emerging area of governance, additional coordination and 
discussion will be needed among the various levels of authorities involved. SB 905 has 
already initiated this process by assigning specific agencies with tasks related to their 
expertise and authority. 


Chapter 2 includes a more detailed discussion about the proposed role of CO2 removal 
in this Scoping Plan. 


Sector Transition 
State,412 national,413,414 and global decarbonization analyses415 indicate a significant role 
for carbon management infrastructure, yet relatively few projects are operational. Around 
the world, about two dozen large CCS projects are capturing tens of millions of metric 
tons of CO2 each year, with about a dozen operating in the United States.416 The vast 
majority of capacity is at industrial facilities, such as ethanol and fertilizer plants, that 
would otherwise vent nearly pure CO2 into the atmosphere as a by-product of normal, 
non-combustion processes. Future research, development, and demonstration projects 
must refine and commercialize capture systems for more complex applications, especially 


 


 
411 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F4.5. finalejacrecs.pdf 
(arb.ca.gov). 
412 E3. October 2020. Achieving Carbon Neutrality in California Report: Final Presentation. 
https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_presentation_oct2020_2.pdf. 
413 World Resources Institute. January 31, 2020. CarbonShot: Federal Policy Options for Carbon Removal 
in the United States. Working paper. https://www.wri.org/research/carbonshot-federal-policy-options-
carbon-removal-united-states. 
414 C2ES. No date. Getting to Zero: A U.S. Climate Agenda — Center for Climate and Energy Solutions. 
https://www.c2es.org/getting-to-zero-a-u-s-climate-agenda-report/. 
415 IPCC. Mitigation Pathways Compatible with 1.5°C in the Context of Sustainable Development. Chapter 
2. https://www.ipcc.ch/sr15/chapter/chapter-2/. All analyzed pathways limiting warming to 1.5°C with no or 
limited overshoot use CDR to some extent to neutralize emissions from sources for which no mitigation 
measures have been identified and, in most cases, also to achieve net negative emissions to return 
global warming to 1.5°C following a peak (high confidence). The longer the delay in reducing CO2 
emissions toward zero, the larger the likelihood of exceeding 1.5°C, and the heavier the implied reliance 
on net negative emissions after mid-century to return warming to 1.5°C (high confidence). 
416 Congressional Research Service. 2021. Carbon Capture and Sequestration (CCS) in the United 
States. R44902. 
https://crsreports.congress.gov/product/pdf/R/R44902?msclkid=e45e0012c25911ec8085ca575cb61e82. 
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for those with limited decarbonization options. It has only been in the last few years that 
attention has seriously turned to mechanical CDR. As new information and modeling on 
climate change have been made available, the science has become clearer that avoiding 
the most catastrophic impacts of climate change requires both reducing emissions and 
deploying mechanical CDR. 


California is paving a path forward on a science-based carbon management infrastructure 
policy that can serve as an example for other jurisdictions. The LCFS, which reduces the 
carbon intensity of transportation fuels, includes a protocol for select carbon management 
projects to become certified and generate LCFS credits.417 CCS is not a new concept or 
technology. Twenty years of CCS testing show it is a safe and reliable tool.418 As 
mentioned in Chapter 2, while no new CCS projects have been implemented or generated 
any credits under the CARB CCS protocol, CCS projects have been implemented 
elsewhere since the 1970s. Moreover, there has been a U.S. Department of Energy CCS 
research program underway for more than two decades. These all form a foundation of 
information for future efforts. Certified projects must successfully demonstrate adherence 
to rigorous pre-construction, operational, and site closure standards designed to 
strengthen environmental performance, as described in CARB’s CCS Protocol. The 
protocol is designed to layer on top of existing federal carbon sequestration regulations 
designed to protect the environment. The protocol would need to be reevaluated if CCS 
were to be more broadly applied across sectors beyond transportation fuel production.  


Direct air capture and carbon mineralization have high potential capacity for removing 
carbon, but direct air capture is currently limited by high cost. Carbon mineralization may 
also have high potential for removing carbon from the atmosphere, but understanding of 
the technology is still limited.419 Direct air capture could also be deployed at higher rates 
to remove legacy GHG emissions from the atmosphere. Chapter 2 contains additional 
information on the current status of CCS and mechanical CDR projects globally, as well 
as federal support of such technologies.  


Strategies for Achieving Success 


• Implement SB 905. 


 


 
417 CARB. 2018. Carbon Capture and Sequestration Protocol under the Low Carbon Fuel Standard. 
August 13. https://ww2.arb.ca.gov/sites/default/files/2020-03/CCS_Protocol_Under_LCFS_8-13-
18_ada.pdf.  
418 National Energy Technology Laboratory. Permanence and Safety of CCS. 
https://netl.doe.gov/coal/carbon-storage/faqs/permanence-safety. 
419 Aines, Roger. No date. Options for Removing CO2 from California’s Air. Lawrence Livermore National 
Laboratory. https://ww2.arb.ca.gov/sites/default/files/2021-
08/llnl_presentation_sp_engineeredcarbonremoval_august2021.pdf.  



https://ww2.arb.ca.gov/sites/default/files/2020-03/CCS_Protocol_Under_LCFS_8-13-18_ada.pdf

https://ww2.arb.ca.gov/sites/default/files/2020-03/CCS_Protocol_Under_LCFS_8-13-18_ada.pdf

https://netl.doe.gov/coal/carbon-storage/faqs/permanence-safety
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• Convene a multi-agency Carbon Capture and Sequestration Group comprised of 
federal, state, and local agencies to engage with environmental justice advocates, 
tribes, academics, researchers, and community representatives to identify the 
current status, concerns, and outstanding questions concerning CCS, and develop 
a process to engage with communities to understand specific concerns and 
consider guardrails to ensure safe and effective deployment of CCS.420 


• Iteratively update the CARB CCS Protocol with the best available science and 
implementation experience. 


• Incorporate CCS into other sectors and programs beyond transportation where 
cost-effective and technologically feasible options are not currently available and 
to achieve the 85 percent reduction in anthropogenic sources below 1990 levels 
as called for in AB 1279. 


• Evaluate and propose, as appropriate, financing mechanisms and incentives to 
address market barriers for CCS and CDR. 


• Evaluate and propose, as appropriate, the role for CCS in cement decarbonization 
(SB 596) and as part of hydrogen production pathways (SB 1075). 


• Support carbon management infrastructure projects through core CEC research, 
development, and demonstration (RD&D) programs. 


• Continue to explore carbon capture applications for producing or leveraging zero-
carbon power for reliability needs as part of SB 100. 


• Consider carbon capture infrastructure when developing hydrogen roadmaps and 
strategy, especially for non-electrolysis hydrogen production. 


• Evaluate and streamline permitting barriers to project implementation while 
protecting public health and the environment. 


• Explore options for how local air quality benefits can be achieved when CCS is 
deployed. 


• Explore opportunities for CCS and CDR developers to leverage existing 
infrastructure, including subsurface infrastructure. 


• Explore permitting options to allow for scaling the number of sources at carbon 
sequestration hubs. 


  


Short-Lived Climate Pollutants (Non-Combustion Gases) 
Short-lived climate pollutants (SLCPs) include black carbon (soot), methane (CH4), and 
fluorinated gases (F-gases, including hydrofluorocarbons [HFCs]). They are powerful 
climate forcers and harmful air pollutants that have an outsized impact on climate change 


 


 
420 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F4.9. finalejacrecs.pdf 
(arb.ca.gov). 
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in the near term, compared to longer-lived GHGs, such as CO2. According to the IPCC’s 
Climate Change 2021: The Physical Science Basis, in the near-term  
(i.e., 10- to 20-year time scale) the warming influence of all SLCPs combined will be at 
least as large as that of CO2.421 The United Nations Environment Programme’s Global 
Methane Assessment422 advises that achieving the least-cost pathways to limit warming 
to 1.5°C requires global methane emission reductions of 40–45 percent by 2030 
alongside substantial simultaneous reductions of all climate forcers, including CO2 and 
SLCPs. Action to reduce these powerful emissions sources today will provide immediate 
benefits—both to human health locally and to reduce warming globally—as the effects of 
our policies to transition to low carbon energy systems and achieve carbon neutrality 
further unfold. 


In 2017, the Board approved the comprehensive Short-Lived Climate Pollutant Reduction 
Strategy (Strategy).423 This strategy explained how the state would meet the following 
SB 1383-established targets:  


• 40 percent reduction in total methane emissions424 (including a separate 
40 percent reduction in dairy and livestock emissions) 


• 40 percent reduction in hydrofluorocarbon gas emissions 
• 50 percent reduction in anthropogenic black carbon emissions 
• 50 percent reduction of organic waste disposal from 2014 levels by 2020, and 


75 percent by 2025, including recovery of at least 20 percent of edible food for 
human consumption 


 


The state is expected to achieve roughly half of the SB 1383 targeted emissions 
reductions by 2030 through strategies currently in place (See Figure 4-11). As directed 
by the Legislature under SB 1383, state agencies focused on voluntary, incentive-based 
mechanisms to reduce SLCP emissions in the early years of implementation to overcome 
technical and market barriers. Under this “carrot-then-stick” strategy, incentives are 
replaced with requirements as the solutions become increasingly feasible and cost-
effective. To meet legislated targets, more aggressive action is needed.  


 


 
421 IPCC. 2021. Climate Change 2021:The Physical Science Basis. https://www.ipcc.ch/report/ar6/wg1/. 
422 United Nations. Global Methane Assessment. Summary for Policymakers. 
https://wedocs.unep.org/bitstream/handle/20.500.11822/35917/GMA_ES.pdf.  
423 CARB. 2017. Short-Lived Climate Pollution Reduction Strategy. 
https://ww2.arb.ca.gov/sites/default/files/2020-07/final_SLCP_strategy.pdf.  
424 All SB 1383 emissions reductions are mandated to be realized by 2030 and are relative to 2013 levels.  



https://www.ipcc.ch/report/ar6/wg1/

https://wedocs.unep.org/bitstream/handle/20.500.11822/35917/GMA_ES.pdf

https://ww2.arb.ca.gov/sites/default/files/2020-07/final_SLCP_strategy.pdf
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Figure 4-11: Expected progress toward SB 1383 targeted emissions reductions by 
2030 through strategies currently in place 


 


 


While the state’s overall GHG emissions have declined by 9 percent over the past decade, 
SLCP emissions reductions have not kept pace with broader progress toward 
decarbonization. After growing steadily in the preceding decade, methane emissions 
have remained relatively flat since 2013.  


HFCs are the fastest growing source of GHG emissions, primarily driven by their use to 
replace ozone-depleting substances and an increased demand for cooling and 
refrigeration.425 Since 2005, statewide HFC emissions have more than doubled. While 
the rate of increase has slowed in recent years due to the state’s measures, HFC 
emissions are still on the rise in California, and have grown by over 50 percent since 
2010.426 Globally, as temperatures rise, adoption of cooling technologies (and 
refrigerants) is increasing rapidly. If no measures are taken, it is estimated that HFCs will 
account for 9 to 19 percent of the total global GHG emissions by 2050.427 


 


 
425 CARB. 2022. California Greenhouse Gas Emissions for 2000 to 2020: Trends of Emissions and Other 
Indicators. https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-
2020_ghg_inventory_trends.pdf. 
426 CARB. 2022. California Greenhouse Gas Emissions for 2000 to 2020. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000-2020_ghg_inventory_trends.pdf. 
427 Velders, G. J., D. W. Fahey, J. S. Daniel, M. McFarland, and S. O. Andersen. 2009. “The large 
contribution of projected HFC emissions to future climate forcing.” Proceedings of the National Academy 
of Sciences 106(27), 10949–10954. 
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Methane 
Human sources of methane emissions are estimated to be responsible for up to 
25 percent of current warming.428 Fortunately, methane’s short atmospheric lifetime of 
~12 years429 means that emissions reductions will rapidly reduce concentrations in the 
atmosphere, slowing the pace of temperature rise in this decade. Further, a substantial 
portion of the targeted reductions can be achieved at low cost and will provide significant 
human health benefits. For example, the UN’s Global Methane Assessment (2021)430 
found that over half of the available targeted measures have mitigation costs below 
$21/MTCO2e, and that each million metric tons of methane reduced would prevent 1,430 
premature deaths annually due to ozone pollution caused by methane.  


Following the Twenty Sixth Conference of Parties (COP26) (the United Nations 
Convention on Climate Change in 2021), over 110 nations have signed onto the Global 
Methane Pledge (Pledge)431 to limit methane emissions by 30 percent relative to 2020 
levels. The Pledge covers countries that emit nearly half of all methane and make up 70 
percent of global GDP. The UN’s Global Methane Assessment432 shows that human-
caused methane emissions can be reduced by up to 45 percent this decade, which would 
avoid nearly 0.3°C of global warming by 2045. 


As shown in Figure 4-12, the three largest sources of California’s methane emissions are 
the dairy and livestock industry, landfills, and oil and gas systems.  


 


 
428 IPCC. 2021. Climate Change 2021:The Physical Science Basis. https://www.ipcc.ch/report/ar6/wg1/. 
429 In contrast, the lifetime of CO2 is hundreds of years. The IPCC Third Assessment Report concluded 
that no single lifetime can be defined for CO2 because of the different rates of uptake by different removal 
processes. According to IPCC Fourth Assessment Report, the majority of an increase in CO2 will be 
removed from the atmosphere within decades to a few centuries, while the remaining 20 percent may 
stay in the atmosphere for many thousands of years. 
430 United Nations. 2021. Global Methane Assessment. 
https://wedocs.unep.org/bitstream/handle/20.500.11822/35917/GMA_ES.pdf. 
431 Global Methane Pledge. https://www.globalmethanepledge.org/. 
432 United Nations Environment Programme. 2021. Global Methane Assessment: Benefits and Costs of 
Mitigating Methane Emissions. https://www.unep.org/resources/report/global-methane-assessment-
benefits-and-costs-mitigating-methane-emissions?msclkid=00661370c85811eca078eb8fdbd603d1.  



https://www.ipcc.ch/report/ar6/wg1/

https://wedocs.unep.org/bitstream/handle/20.500.11822/35917/GMA_ES.pdf

https://www.globalmethanepledge.org/

https://www.unep.org/resources/report/global-methane-assessment-benefits-and-costs-mitigating-methane-emissions?msclkid=00661370c85811eca078eb8fdbd603d1

https://www.unep.org/resources/report/global-methane-assessment-benefits-and-costs-mitigating-methane-emissions?msclkid=00661370c85811eca078eb8fdbd603d1
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Figure 4-12: Sources of California methane emissions (2019) 


 
Emissions from dairy and livestock operations come from two main sources: (1) enteric 
fermentation and (2) manure management operations, especially at dairies that employ 
open anaerobic lagoons that allow methane to escape into the atmosphere. Landfills, the 
second largest source of methane emissions, produce methane from the decomposition 
of organic waste. Although approximately 95 percent of all the waste that has been 
disposed of in the state has been deposited in a landfill that is equipped with a gas 
collection and control system, as required by California’s Landfill Methane Regulation,433 
a portion of the methane still escapes into the atmosphere. Fugitive methane emissions 
can be intermittent and highly variable, both seasonally and spatially, particularly at 
landfills. Research has shown that landfills are complex systems and a wide range of 
conditions (e.g., atmospheric, operational, biological, chemical, and physical) may 
contribute to variability in rates of organic waste degradation, methane generation, and 
capture efficiency, so reducing the amount of organics deposited in landfills is critical to 
reducing overall landfill methane emissions. And despite the variability in individual landfill 
emissions, landfill gas collection and control systems remain the most effective strategy 


 


 
433 CARB. Landfill Methane Regulation. https://ww2.arb.ca.gov/our-work/programs/landfill-methane-
regulation.  
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for reducing methane emissions from waste once it is placed in a landfill. Non-combustion 
methane emissions from the oil and gas sector are the third largest source of methane 
emissions in California. Almost three-quarters of the methane emissions from this sector 
come from leaks and venting from fossil gas transmission and distribution pipelines and 
equipment. 


Hydrofluorocarbons  
HFCs are synthetic GHGs that are powerful climate forcers. They are used mainly as 
refrigerants or heat transfer fluids in refrigeration, space conditioning, and heat pump 
equipment. Refrigerants are ubiquitous and are used everywhere from supermarkets, 
convenience stores, cold storage warehouses and wineries, to vending machines and 
residential and motor vehicle air-conditioners. Additionally, HFCs are also used as foam-
blowing agents, solvents, aerosol-propellants, and fire suppressants. While HFCs remain 
in the atmosphere for a much shorter time than CO2, the relative global warming potential 
(GWP) values of HFCs can be hundreds to thousands of times greater than CO2. The mix 
of HFCs currently in use in California, weighted by usage (tonnage), have an average 
100-year GWP of 1,700.434 The average atmospheric lifetime of the mix of HFCs in use 
is 15 years.435 Given the short average lifetimes, rapid reductions in HFC emissions can 
translate into near-term reductions in climate change effects.  


As the global temperatures increase, the demand for cooling and refrigerants will continue 
to grow, as will the use of electric heat pumps to replace conventional fossil gas heating 
options. Unless addressed, continued use of high-GWP HFCs will perpetuate a feedback 
loop, where the cooling agents themselves cause additional warming.  


In 2016, representatives from 197 nations signed the Kigali Amendment, which amended 
the existing Montreal Protocol (to reduce ozone-depleting substance production and 
consumption) to include a global phasedown in the production and consumption of HFCs 
beginning in 2019.436 As of September 2022, 137 nations have either accepted, 
approved, or ratified the Kigali Amendment. On September 21, 2022, the U.S. Senate 
approved ratification of the Kigali Amendment, and it is expected that the United States 


 


 
434 CARB. 2020. Initial Statement of Reasons: Public Hearing to Consider the Proposed Amendments to 
the Prohibitions on Use of Certain Hydrofluorocarbons in Stationary Refrigeration, Chillers, Aerosols-
Propellants, and Foam End-Uses Regulation. October 20. 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2020/hfc2020/isor.pdf?_ga=2.164659835.59246031
8.1646664679-912670513.1542398285. 
435 Zhongming, Z., et al. 2011. HFCs: A Critical Link in Protecting Climate and the Ozone Layer: A UNEP 
Synthesis Report. 
436 United Nations Treaty Collection. Chapter XXVII, Amendment to the Montreal Protocol on Substances 
that Deplete the Ozone Layer. https://treaties.un.org/Pages/ViewDetails.aspx?src=IND&mtdsg_no=XXVII-
2-f&chapter=27&clang=_en. 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2020/hfc2020/isor.pdf?_ga=2.164659835.592460318.1646664679-912670513.1542398285

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2020/hfc2020/isor.pdf?_ga=2.164659835.592460318.1646664679-912670513.1542398285

https://treaties.un.org/Pages/ViewDetails.aspx?src=IND&mtdsg_no=XXVII-2-f&chapter=27&clang=_en

https://treaties.un.org/Pages/ViewDetails.aspx?src=IND&mtdsg_no=XXVII-2-f&chapter=27&clang=_en
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will soon join the 137 nations that have already ratified.437 In the United States, Congress 
enacted the federal American Innovation and Manufacturing (AIM) Act in December 
2020.438 The AIM Act authorizes the U.S. EPA to address HFCs in several ways, including 
a national HFC phasedown that nearly mirrors the schedule of the global phasedown 
under the Kigali amendment.439 


Nearly 90 percent of HFC emissions in California come from their use as refrigerants in 
the commercial, industrial, residential, and transportation sectors. The timescales over 
which the HFC emissions occur vary, depending on the type of application. Thus, 
strategies to reduce HFC emissions must be tailored by equipment type. CARB has 
several measures in place to tackle HFC emissions from the various sources shown in 
Figure 4-13 below. This includes the Refrigerant Management Program440 that tracks and 
manages emissions from large commercial, industrial, and cold storage refrigeration 
facilities in the state. CARB has adopted regulations to reduce HFC emissions from 
consumer product aerosol propellants, semiconductor manufacturing, and small cans of 
automotive refrigerant.441  


In 2018, California adopted HFC prohibitions via regulation and legislation for several 
sectors, including stationary refrigeration and foam end uses to backstop the partially 
vacated federal Significant New Alternatives Policy (SNAP) program.442 Most recently, in 
2020, CARB adopted additional measures that place GWP limits on refrigerants used in 
refrigeration and air conditioning equipment, which are the largest sources of HFC 
emissions, and are commonly used in residential, commercial, and industrial buildings. 
Additionally, CARB adopted a unique pilot program requiring the use of reclaimed 
refrigerant: the Refrigerant Recovery, Reclaim, and Reuse (R4) Program. The newly 
adopted HFC rules for the refrigeration and air conditioning sectors are the first of their 
kind in the nation.  


 


 
437 U.S. Ratification of the Kigali Amendment - United States Department of State. 
https://www.state.gov/u-s-ratification-of-the-kigali-amendment/. 
438 42 U.S.C § 7675, Pub. L. 116-260, § 103. https://www.epa.gov/sites/default/files/2021-
03/documents/aim_act_section_103_of_h.r._133_consolidated_appropriations_act_2021.pdf. 
439 42 U.S.C § 7675, Pub. L. 116-260, § 103. 
440 Cal. Code of Regs., tit. 17, §§ 95380, et seq. 
441 Contained in various sections, commencing with Cal. Code of Regs., tit. 13, §§ 1900 et seq. 
442 Cal. Code of Regs., tit. 17, §§ 95371, et seq.; California Cooling Act, Senate Bill 1013 (Lara, Stats. of 
2018, Ch. 375, Health & Saf. Code § 39764). 



https://www.state.gov/u-s-ratification-of-the-kigali-amendment/

https://www.epa.gov/sites/default/files/2021-03/documents/aim_act_section_103_of_h.r._133_consolidated_appropriations_act_2021.pdf

https://www.epa.gov/sites/default/files/2021-03/documents/aim_act_section_103_of_h.r._133_consolidated_appropriations_act_2021.pdf
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Figure 4-13: Sources of hydrofluorocarbon (HFC) emissions (2019)  


 


Anthropogenic Black Carbon  
Black carbon is not included in AB 32 or the state’s AB 32 GHG inventory that tracks 
progress toward the state’s climate targets; however, it has been identified as a powerful 
climate forcer and is included California’s Short-Lived Climate Pollutant Reduction 
Strategy. The majority of anthropogenic black carbon emissions come from 
transportation, specifically heavy-duty vehicles, and they have decreased since 2013 due 
to engine certification standards and in-use rules for on-road and off-road fleets, along 
with clean fuel requirements and incentives, including California Climate Investments and 
LCFS credits. Additionally, fuel combustion for residential, commercial, and industrial 
applications contribute significantly to overall black carbon emissions. Approximately 95 
percent of residential black carbon emissions are due to wood combustion; these 
emissions are being reduced through programs like the Woodsmoke Reduction Program 
established by SB 563 (Lara, Chapter 671, Statutes of 2017). Alternatives to agricultural 
burning and policies that phase out agricultural burning will also result in agricultural black 
carbon emissions reductions. In 2021 CARB provided a preliminary estimate of 2017 
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black carbon emissions (Figure 4-14).443 This estimate will be finalized as part of a future 
update to the Short-Lived Climate Pollutant Inventory. 


Figure 4-14: Sources of anthropogenic black carbon (preliminary 2017 estimates;  
AR5 100-yr GWP 900) 


   


Sector Transition 
California has long recognized the importance of mitigating non-combustion SLCPs and 
took several early action measures as part of a comprehensive, ongoing program to 
reduce in-state GHG emissions under AB 32. The early action measures included CARB’s 
Landfill Methane Regulation,444 Refrigerant Management Program,445 and Oil and Gas 
Methane Regulation.446  


Methane 
The methane abatement strategies currently in place are projected to achieve half of the 
methane emissions needed to meet the overall methane reduction target of SB 1383 (40 
percent reduction by 2030). The reduction target translates to a limit of less than 
24 MMTCO2e in 2030 (Figure 4-15). It is anticipated that, since some sectors have fewer 


 


 
443 CARB. 2021. 2022 Scoping Plan Update – Short-Lived Climate Pollutants Workshop Presentation, 
September 8. https://ww2.arb.ca.gov/sites/default/files/2021-
09/carb_presentation_sp_slcp_september2021_1.pdf. 
444 Cal. Code of Regs., tit. 17, §§ 95460, et seq. 
445 Cal. Code of Regs., tit. 17, §§ 95380, et seq. 
446 Cal. Code of Regs., tit. 17, §§ 95665–77. 
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strategies that can be implemented to reduce methane in the near-term, other sectors will 
need to go beyond the 40 percent reduction to meet the target.  


Figure 4-15: Methane emissions in 2022, 2030, and 2045 in the  
Scoping Plan Scenario447 


 


Dairy and Livestock Methane 
California is the largest dairy-producing state, home to one in five U.S. dairy cows. To 
date, methane emissions reductions from the dairy and livestock sector have mainly been 
driven by a decreasing animal population and the growing adoption of manure 
management strategies, including anaerobic digesters and conversion to dry manure 
systems and pasture systems. CARB recently completed a detailed analysis of the 
emission reductions expected by 2030 and the estimated additional investment needed 
to reach the dairy and livestock sector methane reduction target. 448 


Assuming no adoption of additional manure management and enteric mitigations 
strategies beyond the projects that have committed funding, and a continued annual 
animal population decrease of 0.5 percent per year through 2030, further reductions of 
approximately 4.4 MMTCO2e will be needed to achieve the 2030 methane emissions 
reduction target for the sector set by SB 1383. If the remaining reductions are met through 


 


 
447 The Organic Waste category includes methane from landfills, wastewater treatment, and compost 
facilities. 
448 CARB. 2021. Analysis of Progress toward Achieving the 2030 Dairy and Livestock Sector Methane 
Emissions Target. June. https://ww2.arb.ca.gov/sites/default/files/2021-06/draft-2030-dairy-livestock-ch4-
analysis.pdf.  
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a mix of dairy projects in which half are dairy digesters and half are alternative manure 
management projects, then it is estimated that at least 420 additional projects will be 
necessary. Additional emissions reductions beyond this level will likely be necessary to 
ensure that the overall state methane emissions reduction targets are met.  


Despite the considerable methane emissions mitigation potential of enteric strategies like 
feed additives, little progress has been made, as few products with proven mitigation 
potential have become commercially available, and unlike manure management 
strategies, there is a lack of financial incentives for their adoption. 


Market conditions favoring farm consolidation and improved production efficiencies have 
driven reductions in the California and U.S. dairy population over the past decade. 449 
These efficiency gains have allowed California to maintain production levels despite the 
decreasing population. If demand for dairy and beef products remains steady or 
increases, continued improvements in production efficiency and adoption of effective 
manure management and enteric mitigation strategies will be important to support dairy 
and livestock methane emission reductions. 


Strategies for Achieving Success 


• Install state of the art anaerobic digesters that maximize air and water quality 
protection, maximize biomethane capture, and direct biomethane to sectors that 
are hard to decarbonize or as a feedstock for energy. 


• Increase alternative manure management projects, including but not limited to 
conversion to “solid,” “dry,” or “scrape” manure management; installation of a 
compost-bedded pack barn; an increase in the time animals spend on pasture; 
and implementation of solid-liquid separation technology into flush manure 
management systems. 


• Implement enteric fermentation strategies that are cost-effective, scientifically 
proven, safe for animal and human health, and acceptable to consumers, and that 
do not impact animal productivity. Provide financial incentives for these strategies 
as needed. 


• Accelerate demand for dairy and livestock product substitutes such as plant-based 
or cell-cultured dairy and livestock products to achieve reductions in animal 
populations. 


• In consideration of pace of deployment of methane mitigation strategies and the 
scale of complimentary incentives, consider regulation development to ensure that 
the 2030 target is achieved, assuming the conditions outlined in SB 1383 are met. 
 


 


 
449 MacDonald, James M., Jonathan Law, and Roberto Mosheim. 2020. Consolidation in U.S. Dairy 
Farming. ERR-274. July. https://www.ers.usda.gov/webdocs/publications/98901/err-274.pdf. 
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233 


 


Landfill Methane 
Achieving the 75 percent organic waste disposal reduction target450 of SB 1383, and 
maintaining that level of disposal in subsequent years, would bring annual landfill 
emissions in 2030 to just below the 2013 baseline. Annual methane emissions will be 
higher through 2030 than originally anticipated by the SLCP Strategy because the state 
did not achieve the anticipated reductions in organic waste disposal of 50 percent below 
2014 levels by 2020. SB 1383 prohibited the organic disposal regulations from taking 
effect until 2022,451 and, as a result, emissions have continued to increase. 


Due to the multidecadal time frame required to break down landfilled organic material, the 
emissions reductions from diverting organic material in one year are realized over the 
course of several decades. For example, one year of waste diversion in 2030 is expected 
to avoid 8 MMTCO2e of landfill emissions, cumulatively, over the lifetime of that waste’s 
decomposition.452 Near-term diversion efforts are critical to avoid locking in future landfill 
methane emissions.  


CalRecycle’s 2020 report, Analysis of the Progress Toward the SB 1383 Waste Reduction 
Goals,453 estimated that 8 million short tons of composting and anerobic digestion 
capacity will be needed to manage organic wastes, above the existing and new capacity 
expected to be available by 2025. The 2019 report, Co‐Digestion Capacity in California,454 
from the State Water Resources Control Board estimated that at least 2.4 million tons of 
digester capacity is available at urban wastewater treatment plants if sufficient incentives 
or funding for collection, receiving, and processing operations are provided to enable 
utilization of this capacity. The CPUC approved a decision in February 2022 implementing 
the biomethane procurement program, which will require investor-owned utilities by 2025 
to procure 17.6 billion cubic feet (BCF) of biomethane produced from organic wastes to 
support the landfill disposal reduction and SLCP target and reduce fossil gas reliance for 


 


 
450 The target is from 2014 levels by 2025.  
Public Resources Code, § 42652.5. CalRecycle approved the SLCP: Organic Waste Reductions 
regulations (https://calrecycle.ca.gov/organics/slcp/) in 2020 and began implementing them in January 
2022. These regulations are designed to achieve the 2025 disposal reduction and edible food recovery 
targets. 
452 The life cycle emissions reduction is based on anticipated diversion of 27 million short tons of organic 
waste from CalRecycle (2020) Analysis of the Progress Toward the SB 1383 Organic Waste Reduction 
Goals (https://www2.calrecycle.ca.gov/Publications/Details/1693). Under CalRecycle’s SLCP regulations, 
an alternative to landfill disposal must achieve a life cycle GHG reduction of 0.3 MTCO2e per short ton of 
waste diverted. 
453 CalRecycle. 2020. Analysis of the Progress Toward the SB 1383 Waste Reduction Goals. 
https://www2.calrecycle.ca.gov/Publications/Details/1693.  
454 State Water Resources Control Board. 2019. Co‐Digestion Capacity in California. 
https://www.waterboards.ca.gov/water_issues/programs/climate/docs/co_digestion/final_co_digestion_ca
pacity_in_california_report_only.pdf.  



https://calrecycle.ca.gov/organics/slcp/

https://www2.calrecycle.ca.gov/Publications/Details/1693

https://www2.calrecycle.ca.gov/Publications/Details/1693
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residential and commercial customers.455 Additionally, the organic waste stream includes 
more than one million tons of edible food that could be recovered before it enters the 
waste stream through food rescue programs that combat hunger in communities 
throughout California. 


While reducing organic waste disposal is the most effective means of achieving 
reductions in waste sector methane, strategies to reduce emissions from waste already 
in place in landfills also will play a role in achieving near-term reductions. As Figure 4-16 
shows, the total degradable carbon (a measure of the amount of waste with potential to 
generate methane) that is accumulated from waste deposited in previous years is over 
20 times greater than the amount added each year. This illustrates that even if we were 
able to entirely phase out landfilling of organic waste today, the existing waste in place at 
landfills would continue to generate methane for decades into the future.  


Through a combination of improvements in operational practices, use of lower 
permeability covers, advanced landfill gas collection systems, and increased monitoring 
to detect and repair leaks, it is estimated that a direct emission reduction of 10 percent 
is achievable across the state’s landfills by 2030. Technologies to utilize landfill gas 
efficiently can contribute further emission reductions in the energy sector. 


Figure 4-16: Degradable carbon deposited in landfills 


 
Strategies for Achieving Success  


• Maximize existing infrastructure and expand it to reduce landfill disposal, with 
strategies including composting, anaerobic digestion, co-digestion at wastewater 
treatment plants, and other non-combustion conversion technologies.  


 


 
455 CPUC. 2022. Decision 22-02-025. 
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• Expand markets for products made from organic waste, including through 
recognition of the co-benefits of compost, biochar, and other products.456 


• Recover edible food to combat food insecurity. 
• Invest in the infrastructure needed to support growth in organic recycling capacity. 
• Utilize existing digesters at wastewater treatment facilities to rapidly expand food 


waste digestion capacity.  
• Direct biomethane captured from landfills and organic waste digesters to sectors 


that are hard to decarbonize. 
• Implement improved technologies and best management practices at composting 


and digestion operations. 
• Reduce emissions from landfills through improvements in operational practices, 


lower permeability covers, advanced collection systems, and technologies to 
utilize landfill gas.  


• Leverage advances in remote sensing capabilities to quickly pinpoint large 
methane sources and mitigate leaks, improve understanding of the factors that 
lead to better capture efficiency, and explore new technologies and practices that 
can reliably improve methane control at landfills.  


 


Upstream Oil and Gas Methane Reduction 
For oil and gas production, processing, and storage, California is currently on track to 
achieve a 41 percent reduction in methane emissions by 2025 relative to 2013. The 
additional reductions needed to meet the 2030 target may be achieved by implementing 
additional regulatory requirements to further reduce intentional venting of fossil gas from 
equipment. If necessary, additional reductions from transmission and distribution facilities 
may be achieved by requiring the utilities to increase inspection and repair activities or 
further reduce emissions from pipeline blowdowns by implementing methods such as 
using portable compressors, using plugs to isolate sections of pipelines, flaring vented 
gas, routing gas to fuel gas systems, and installing static seals on compressor rods. 
Advances in methane detection technologies (e.g., satellites equipped to detect large 
methane sources) may also help to identify and mitigate methane emissions quickly 
across the oil and gas sector.  


As California transitions away from fossil fuels, in-state oil and gas production will likely 
decline. This could result in an increase over time in the number of long-term idle and 
orphan wells (idle wells lacking a financially solvent, responsible owner) in the state. While 
California has regulations aimed at helping ensure operators manage their idle wells, 


 


 
456 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F4.4. finalejacrecs.pdf 
(arb.ca.gov). 
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there could likely be an increase in California’s orphan well population. Plugging all 
orphan wells, of which there are currently over 5,000, could take decades due to the 
limited resources California has for orphan well plugging. The benefits from plugging wells 
include methane emission reductions and job creation; employment gains from well 
plugging and site remediation activities could help temporarily offset job losses from the 
oil and gas industry. The California Council on Science and Technology’s 2018 report on 
orphan wells, Orphan Wells in California: An Initial Assessment of the State’s Potential 
Liabilities to Plug and Decommission Orphan Oil and Gas Wells,457 found that the 
potential cost to the state of plugging current orphan wells could be approximately 
$500 million, and the cost of plugging all active and idle wells could total over $9.1 billion. 
As oil and gas production in California declines due to reduced demand for fossil fuels, 
additional funding will likely be needed to cover the costs of plugging wells that have no 
viable operator. 


Strategies for Achieving Success  


• Mitigate emissions from leaks by regular leak detection and repair (LDAR) surveys 
at all facilities.  


• Replace high emitting equipment with zero emission alternatives wherever 
feasible.458 


• Have CARB and CalGEM lead a Task Force to identify and address methane leaks 
from oil infrastructure near communities. 


• Pursuant to SB 1137, develop leak detection and repair plans for facilities in health 
protection zones, implement emission detection system standards, and provide 
public access to emissions data. 


• Minimize emissions from equipment that must vent fossil gas by design (e.g., fossil 
gas powered compressors). 


• Install vapor collection systems on high emitting equipment. 
• Phase out venting and routine flaring of associated gas (gas produced as a 


by-product during oil production). 
• Continuous ambient monitoring at fossil gas underground storage facilities to 


quickly detect large methane sources. 
• Reduce pipeline and compressor blowdown emissions.  


 


 
457 The California Council on Science and Technology. 2018. Orphan Wells in California: An Initial 
Assessment of the State’s Potential Liabilities to Plug and Decommission Orphan Oil and Gas Wells. 
https://ccst.us/wp-content/uploads/CCST-Orphan-Wells-in-California-An-Initial-Assessment.pdf.  
458 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, P5. finalejacrecs.pdf 
(arb.ca.gov). 
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• Leverage advances in remote sensing capabilities to quickly pinpoint large 
methane sources and mitigate leaks.459 


 


Hydrofluorocarbons  
In California, all the HFC measures currently in place will help achieve more than 
70 percent of the reductions needed to achieve the 2030 HFC goal and provide very 
significant emissions reductions by 2045 and beyond. However, new targeted measures 
will be needed to maintain the pace of reductions, as demand for technologies that 
currently predominantly use high-GWP refrigerants is anticipated to grow. Despite 
decarbonization efforts, high-GWP HFCs are expected to be among the last remaining 
persistent GHG emission sources, as shown in Figure 4-17.460  


Figure 4-17: Hydrofluorocarbon emissions in 2022, 2030, and 2045 in the Scoping 
Plan Scenario 


 
 
HFC emissions from new and existing sources should be addressed in tandem with 
building decarbonization efforts to maximize reductions.461 As buildings are electrified in 
an effort to decarbonize them, the use of heat pumps for space conditioning, water 
heaters, and clothes dryers is expected to increase significantly. Heat pumps, while using 


 


 
459 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, CC17. finalejacrecs.pdf 
(arb.ca.gov). 
460 Energy and Environmental Economics, Inc. 2020. Achieving Carbon Neutrality. 
https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_report_oct2020_0.pdf. 
461 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF26. finalejacrecs.pdf 
(arb.ca.gov). 
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electricity, not fossil gas, currently rely predominantly on high-GWP refrigerants. Very low- 
or no-GWP technologies and solutions are either available or emerging for various heat 
pump technologies, and likely to develop further as international efforts to mitigate HFCs 
continue. However, most of these technologies are still nascent in the United States. In 
addition, some of the alternatives cannot be used until California building codes are 
updated, which is currently expected at the earliest in mid-2024 for some technologies 
based on the recently adopted provisions in AB 209462 requiring the California Building 
Standards Commission to adopt the latest safety standards for refrigerant containing 
equipment into California’s building codes. The current updates to the building codes will 
allow the use of many refrigerants with lower GWPs than HFCs currently in use. However, 
additional building code updates are needed to expand the choices of ultra-low-GWP 
alternatives, and that will need to happen in the next few years. The adoption of low-GWP 
refrigerants must occur in parallel with building decarbonization efforts; without such 
efforts, the vast GHG benefits of the latter will be partially offset, and the proportion of 
HFC emissions from buildings will continue to grow. 


Leaks from existing air conditioning and refrigeration equipment are a major source of 
statewide and global HFC emissions. Once installed, refrigeration and air conditioning 
equipment can stay in place for decades, while leaking refrigerants into the atmosphere. 
This makes it very important that new installed equipment use refrigerants with a GWP 
as low as possible. The refrigerants inside existing equipment are sometimes collectively 
referred to as the installed base or banks of potential HFC emissions. If released 
spontaneously, the existing HFC banks would equal 60 percent of all annual statewide 
GHG emissions in California, as illustrated in Figure 4-18.463  


The sales prohibitions on newly produced refrigerants set forth in SB 1206 (2022) and the 
national/international HFC phasedown will help in reducing HFC emissions from existing 
equipment by restricting the supply of and increasing the value of existing high-GWP 
HFCs, thus enabling a circular economy. In the 2022–2023 state budget, CARB received 
$45 million in incentive funding for climate-friendly refrigerant technologies; this funding 
will be critical in shifting the market toward the best available refrigerant technologies in 
various sectors.  


 


 
462 AB 209: Energy and climate change. 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202120220AB209.  
463 CARB. 2021. 2022 Scoping Plan Update – Short-Lived Climate Pollutants Workshop Presentation. 
September 8. https://ww2.arb.ca.gov/sites/default/files/2021-
09/carb_presentation_sp_slcp_september2021_1.pdf. 
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Figure 4-18: Potential emissions from refrigerants in existing equipment 


 
Strategies for Achieving Success 


• Expand the use of very low- or no-GWP technologies in all HFC end-use sectors, 
including emerging sectors, like heat pumps for applications other than space 
conditioning, to maximize the benefits of building decarbonization.464 


• Convert large HFC emitters such as existing refrigeration systems to the lowest 
practical GWP technologies.465 


• Prioritize small-scale and independent grocers serving priority populations in 
addressing existing “banks” of high-GWP refrigerants.466 


• Improve recovery, reclamation, and reuse of refrigerants by limiting sales of new 
or virgin high-GWP refrigerants and requiring the use of reclaimed refrigerants 
where appropriate.467 


• Assist low-income and disadvantaged communities in obtaining low-GWP space 
conditioning units to protect vulnerable communities from heat stress and wildfire 
smoke.468 


 


 
464 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF26. finalejacrecs.pdf 
(arb.ca.gov). 
465 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF22. finalejacrecs.pdf 
(arb.ca.gov). 
466 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, JT5 and JT6. finalejacrecs.pdf 
(arb.ca.gov). 
467 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, JT1. finalejacrecs.pdf 
(arb.ca.gov). 
468 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, NF28, JT5, and JT6. 
finalejacrecs.pdf (arb.ca.gov). 
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• Accelerate technology transitions in California and the U.S. overall by collaborating 
with international partners committed to taking action on HFCs under the Kigali 
Amendment to the Montreal Protocol; this includes addressing barriers to adoption 
of very low- or no-GWP refrigerant technologies such as high upfront costs, 
shortage of trained technicians, and lag in updating safety standards and building 
codes. 


 


Anthropogenic Black Carbon 
Significant progress has been made since 2013 to reduce anthropogenic black carbon 
emissions, primarily from decreased combustion of distillate fuels in the agricultural 
sector, as well as improvements to provide cleaner, on-road combustion technologies. 
Under current strategies, anthropogenic black carbon from transportation is expected to 
be reduced by over 60 percent in 2030. Continued reductions in combustion emissions 
across all sectors from both the state’s climate and air quality programs will also help 
reduce anthropogenic black carbon emissions going forward. 


Strategies for Achieving Success 


• Reduce fuel combustion commensurate with state’s climate and air quality 
programs, particularly from reductions in transportation emissions and agricultural 
equipment emissions.469 


• Invest in residential woodsmoke reduction. 
 


In addition to SLCP emissions, some remaining non-combustion emissions are 
anticipated to persist in the coming decades, as shown in Figure 4-19. These include CO2 
from industrial processes such as cement manufacturing, oil and gas extraction, and 
geothermal electric power; N2O from wastewater treatment, fertilizers, and livestock 
manure applied to agricultural soils; and other industrial, non-HFC GHG emissions. 


 


 
469 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, F1A and Appendix A (Table 
Summary of Direct Emission Reduction Strategies). “Emissions reductions from energy consumed by 
California’s agricultural sector, including post-harvest processing, use of tractors and other farm 
equipment, and water import and irrigation.” finalejacrecs.pdf (arb.ca.gov). 
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Figure 4-19: Remaining non-combustion emissions in 2022, 2030, and 2045 in the 
Scoping Plan Scenario 


 
  


Natural and Working Lands  
California’s natural and working lands (NWL) cover approximately 90 percent of the 
state’s 105 million acres,470 and include forests, grasslands, shrublands and chaparral, 
croplands, wetlands, sparsely vegetated lands, and the green spaces in urban and built 
environments. These lands include California Native American tribes’ ancestral and 
cultural lands, parks and green spaces in our cities and communities, and the waters and 
the iconic landscapes we know and love. The diverse landscapes and biodiversity found 
throughout California’s NWL provide a multitude of benefits to the people of California, 
including clean water, clean air, biodiversity, food, economic prosperity, recreational 
opportunities, continuation of traditional tribal ways of life, mental health benefits, and 
many others.  


Our lands are a critical sector in California’s fight to achieve carbon neutrality and build 
resilience to the impacts of climate change. Healthy land can sequester and store 
atmospheric CO2. Healthy lands also can reduce emissions of powerful SLCPs, limit the 
release of future GHG emissions, protect people and nature from the impacts of climate 
change, and build our resilience to future climate risks. Creation of healthy lands through 


 


 
470 CNRA. 2022. Natural and Working Lands Climate Smart Strategy. https://resources.ca.gov/-
/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-Solutions/CNRA-Report-2022---
Final_Accessible_Compressed.pdf.  
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multi-benefit and mitigation measures can also support tribal and local traditional lifeways. 
Unhealthy lands have the opposite effect—they release more GHGs than they store and 
are more vulnerable to future climate change impacts.  


Climate change impacts have become more apparent in recent years and are having 
significant effects on communities throughout the state. One of these impacts is the much 
more frequent occurrence of unusually large, high-severity wildfires, which are being 
driven by climate change and by a recent history of fire-exclusion and land management 
practices that have resulted in forests with high levels of biomass. These recent large and 
high-severity wildfires have resulted in a significant amount of burned acreage and 
emissions in California (Figure 4-20).471  


Figure 4-20: Acreage of burned wildland vegetation area 


 


These wildfires deviate from the lower-severity fires that previously occurred at frequent 
intervals, around which California’s forests evolved. As climate change accelerates, these 
large, uncharacteristic wildfires are likely to become more common and impact more of 
our landscapes. Climate change is also expected to have other significant effects on our 
lands, including more extreme droughts, floods, extreme heat, and the spread of invasive 
aquatic and terrestrial species, pests, diseases, and parasites. These impacts can lead 


 


 
471 CARB. 2022. Wildfire Emission Estimates for 2021. 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/Wildfire%20Emission%20Estimates%202000
-2021.pdf.  
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to negative feedback loops on human and ecological health; for example, increasing the 
spread of invasive species can lead to increases in pesticide use, if not managed through 
regulation or mitigation, which can pose risks to human health and the environment. 


California’s approach to climate action in the NWL sector is not solely focused on 
maximizing carbon stocks but instead on supporting carbon management that holistically 
fosters ecosystem health, resilience, provision of overall climate function, and other 
co-benefits. 


Natural systems operate on a longer timescale than the energy and industrial sectors, 
and benefits from climate action on our lands can take decades to accrue. Scaling climate 
smart land management in California requires taking action now and playing the “long 
game” by establishing and maintaining consistent, patient approaches and programs.  


Landscapes 
For the first time, this Scoping Plan includes modeling for the NWL sector. The focus of 
the initial modeling is limited to seven land types that align with the those in the NWL 
Climate Smart Strategy.472 Work will continue to incorporate more landscapes and 
management practices into the modeling over time. The initial landscapes included in the 
modeling for this Scoping Plan are: 


• Forests 
• Shrublands and Chapparal 
• Grasslands 
• Croplands 
• Wetlands 
• Developed Lands 
• Sparsely Vegetated Lands 


 


Each of these land types are a key component to the state’s approach to increasing 
climate action in the NWL sector, as called for in Executive Order N-82-20 and 
AB 1757.473 The Executive Order directs CARB to update the target for this sector in 
support of carbon neutrality by 2045 as part of this Scoping Plan, and to take into 
consideration the NWL Climate Smart Strategy. AB 1757 calls for the development of an 


 


 
472 CNRA. 2022. Natural and Working Lands Climate Smart Strategy. Appendix B. 
https://resources.ca.gov/-/media/CNRA-Website/Files/Initiatives/Expanding-Nature-Based-
Solutions/Appendix-B_04132022_ada.pdf. 
473 AB 1757 California Global Warming Solutions Act of 2006: Climate Goal: Natural and Working Lands. 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202120220AB1757.  
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ambitious range of targets for the NWL sector to be integrated into the Scoping Plan and 
other state policies. It directs CARB and CNRA to work closely together to update the 
NWL Climate Smart Strategy, and establish an expert advisory committee to inform and 
advise on NWL modeling, targets, and implementation strategies.474 Additionally, in 2021, 
the governor signed SB 27475 (Skinner, Chapter 237, Statutes of 2021) into law. It directed 
CARB to establish CO2 removal targets for 2030 and beyond and take into consideration 
the NWL Climate Smart Strategy. The governor’s Executive Order, AB 1757, and SB 27 
go beyond previous direction from the Legislature and past administrations. These 
directives emphasize the importance of quantifying land-based carbon both statewide,476 
and in programs and policies,477 setting targets478 for NWL to support the state’s climate 
objectives, and advancing land management actions479 that support the health and 
resiliency of these lands.  


Blue carbon (also known as carbon captured and held in coastal vegetation and soils, 
such as seagrasses, seaweeds, and wetlands)—is also important to consider as we look 
at long-term climate goals. While this landscape is not currently covered by IPCC 
inventory guidelines or included in California’s NWL Inventory, the United States was the 
first nation to include blue carbon in its national GHG emissions inventory. California’s 
Ocean Protection Council and San Francisco Estuary Institute are partnering to create a 
new coastal wetlands, beaches, and watersheds inventory. CARB staff will utilize 
information from this effort and assess other available data to evaluate how this 
landscape may be integrated into our efforts in the future as more data become 
available.480  


 


 
474 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N20. finalejacrecs.pdf 
(arb.ca.gov). 
475 SB 27 Carbon sequestration: state goals: natural and working lands: registry of projects. 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202120220SB27. 
476 SB 859 Public resources: greenhouse gas emissions and biomass (SB 859, Committee on Budget and 
Fiscal Review, Chapter 368, Statutes of 2016). 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160SB859. 
477 SB 1386. Resource conservation: working and natural lands. (SB 1386, Chapter 545, Statutes of 
2016). https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160SB1386.  
478 CARB. 2017. 2017 Climate Change Scoping Plan Update. Board Resolution 17-46. 
https://ww2.arb.ca.gov/sites/default/files/barcu/board/res/2017/res17-46.pdf. 
479 Executive Department. State of California. EO B-52-18. https://www.ca.gov/archive/gov39/wp-
content/uploads/2018/05/5.10.18-Forest-EO.pdf.  
480 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N2. finalejacrecs.pdf 
(arb.ca.gov). 
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Trends of Carbon on Landscapes 
CARB currently tracks the carbon stock changes though the Inventory of Ecosystem 
Carbon in California’s Lands481 (NWL Inventory), which is summarized in Chapter 1. The 
NWL Inventory is a key tool for tracking changes in carbon stocks across the state, and 
it will serve as the inventory of record for this sector, tracking sector-wide progress toward 
the target. The NWL Inventory provides a retrospective snapshot of the status of 
California’s lands, and captures the gains or losses of carbon stocks that occur over time. 
In addition to tracking carbon stock changes, the NWL Inventory is an important tool for 
understanding the impacts of our efforts to increase climate action in this sector (such as 
those identified in this Scoping Plan and the NWL Climate Smart Strategy) on NWL 
carbon stocks. The inventory is also used as the foundation for Scoping Plan scenario 
modeling and target setting. 


CARB’s inventory shows that carbon stocks decreased in NWL lands from 2001 to 2011, 
releasing more carbon than they were storing, and then increased slightly from 2012 to 
2014.482 These trends highlight the interannual and interdecadal variability of lands and 
their ability to be both a source and a sink of carbon, and the importance of looking at 
NWL data and trends over multiyear and multidecadal time periods, as opposed to looking 
only at annual changes. This movement is part of the Earth’s carbon cycle, where carbon 
transfers between the land, ocean, and atmosphere. As part of the carbon cycle, over 
decades or centuries, fire and plant respiration and decomposition move carbon from the 
land to the atmosphere, while plant growth and other processes move carbon from the 
atmosphere to the land. Emissions from fossil-fuel combustion are contributing to putting 
this cycle out of balance.  


Additionally, some historic land management practices that have resulted in the loss of 
carbon from the soil are also contributing to the atmospheric rise of CO2 while 
simultaneously exacerbating the imbalance of the water cycle, which is influenced by and 
linked to the carbon cycle. These emissions are also contributing to a feedback loop for 
California’s lands: as CO2 emissions accumulate in the atmosphere—and California 
experiences more warming, extreme heat events, and droughts—the risk and intensity of 
carbon losses also increases, which in turn transfers more carbon from the land to the 
atmosphere. And because forests and shrublands comprise approximately 85 percent of 
the carbon stocks in California, management strategies and disturbances in forest and 


 


 
481 CARB. An Inventory of Ecosystem Carbon in California’s Natural & Working Lands. 2018 Edition. 
nwl_inventory.pdf (ca.gov). Accessed 3/2/2022. 
482 These trends are consistent estimates in the most recent AB 1504 reporting period. 
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shrubland carbon play an important role in determining whether California’s lands are 
providing either net carbon sequestration or net emissions on an annual basis. 


The gains and losses of carbon on our lands will fluctuate in the future; what is important 
is to restore carbon in places where it has been lost and reduce large carbon losses on 
our NWL through active, attentive, and adaptive management. For additional details on 
the nexus between NWL and GHGs, see pages 5–6 of the NWL Climate Smart Strategy.  


Goals and Accelerating Nature-Based Solutions 
The state’s climate mitigation targets are traditionally identified by individual years, (i.e., 
tons of GHG emissions in 2020 or 2030). However, because NWL processes fluctuate 
year to year and because it can sometimes take decades for climate action to fully impact 
carbon in NWL, it is important to consider the statewide, long-term trends of carbon stock 
change when identifying how this sector contributes to California’s pathway to achieving 
carbon neutrality. Tracking carbon stock change over a multi-decadal period is the best 
way to assess the full direct impact climate action has on carbon storage. Such an 
approach filters out fluctuations from year-to-year weather variations and multi-year 
natural climate cycles, such as El Niño patterns. 
 
Current data sources and methods allow us to track only certain carbon stocks that exist 
on NWL. For target tracking to be successful, each carbon pool must be inventoried using 
a methodology that can detect changes due to management and climate change. Certain 
carbon pools lack the scientific data and methodologies necessary for target-setting and 
tracking. For example, soils in forests, shrublands, and grasslands are not included in the 
Scoping Plan carbon stock target because, currently, there is no way to track statewide 
soil carbon through time in a way that would capture the effects of increased climate 
action and climate change. 
 
When considering how NWL contribute to the state’s goal of carbon neutrality, all lands’ 
carbon stock gains and losses must be considered, and the Scoping Plan target is set in 
these terms. It is not sufficient to aggregate climate benefits only within areas where 
projects, management, or climate action occur. Much of the state does not receive active 
or quantifiable management, but these areas still contribute to the state’s overall carbon 
stock change and GHG emissions. To incorporate the entire carbon balance toward true 
carbon neutrality, the Scoping Plan target is set in terms of carbon stock change across 
the entire state. This incorporates all lands that both receive and do not receive active 
management, and includes the end result of all sequestration, emissions, and other 
changes to carbon on the landscape.  
 
However, carbon stock change is not equivalent to emissions. Currently, the data and 
emission quantification science is not sufficient to enable inventories to comprehensively 
track all NWL emissions in a way that would enable us to set an NWL target in terms of 
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statewide emissions and sequestration. There is a great need, across the entire NWL 
sector statewide, for more empirical data, science, and tools to track all carbon stocks 
across each carbon pool, and to begin to track emission and sequestration rates. As 
California implements AB 1757, there is an opportunity to update the data, science, and 
tools to enable this level of tracking and target setting in the future. 
As outlined in Chapter 2, California is projected to lose carbon stocks over the coming 
decades, but this Scoping Plan analysis also shows that increasing the pace and scale 
of climate smart land management in California will reduce the carbon stock losses and 
GHG emissions from the NWL sector. In response to EO N-82-20 and AB 1757, the 
proposed target for NWL is shown in Table 4-1. 


Table 4-1: Scoping Plan modeled target for NWL, based on increasing  
action on NWL 


 Total Carbon Stock % Change 
from 2014 


2045  -4 


 


Achieving this target will require significant expansion of the pace and scale of climate 
action on California’s NWL, including the following: 


• Increasing climate smart forest, shrubland, and grassland management to at least 
2.3 million acres a year—an approximate 10x increase in management from 
current levels. 


• Increasing climate smart agricultural practices by at least 78,000 acres adopted a 
year, annually conserving at least 8,000 acres a year of croplands, and increasing 
organic agriculture to comprise at least 20 percent of cultivated acres in California 
by 2045—an approximate 7.5x increase in healthy soils practices from previous 
levels and a 2x increase in total acres of organic agriculture. 


• Increasing annual investment in urban trees in developed lands by at least 
200 percent above historic levels and establishing defensible space on all parcels 
by 2045. 


• Restoring at least 60,000 acres, or approximately 15 percent of all Sacramento–
San Joaquin River Delta (Delta) wetlands, by 2045.  


• Cutting land conversion of deserts and sparsely vegetated landscapes by at least 
50 percent annually from current levels, starting in 2025. 


 


If the carbon stock target above is met, and the management actions above are 
implemented, the modeling for NWL indicates that California’s lands will be a net source 
of emissions, producing approximately 7 MMTCO2e of average annual emissions. 
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Additional climate smart management practices and additional landscapes, such as those 
included in the Climate Smart Strategy and discussed below in Additional Management 
Strategies, have the potential to increase carbon stocks and reduce GHG emissions from 
NWL beyond the levels modeled for this Scoping Plan. 


The purpose of the NWL target and the above estimated outcomes is to provide a 
numerical guide that can support the state’s efforts to accelerate both near-term and long-
term climate action on California’s lands, prioritizing durable solutions that deliver multiple 
outcomes. Taking these actions over the coming decades will reduce the potential carbon 
losses from NWL, reduce GHG emissions from some landscape types (such as croplands 
and Delta wetlands), and support sequestration of GHGs from NWL between 2025 and 
2045. These actions will also deliver significant benefits to Californians beyond advancing 
our climate goals, such as reducing wildfire emissions and their associated health 
impacts, increasing habitat for biodiversity, reducing urban heat island effects, reducing 
harmful pesticide exposure, expanding economic opportunities, and others. Additional 
information on several economic and health outcomes from the Scoping Plan Scenario is 
included in Chapters 2 and 3. 


Statewide planning and target setting for the NWL sector will only create meaningful 
change if followed by effective on-the-ground implementation. State government cannot 
accomplish this implementation alone. Effective large scale climate action is dependent 
on partnerships among tribal, federal, state, regional, and local partners, and across 
governmental, private, nonprofit, and commercial sectors. The NWL sector of the Scoping 
Plan sets a carbon target with climate action recommendations that can be used to 
achieve the quantified carbon, health, and economic outcomes. Implementation of these 
actions must be led by local or regional partnerships that plan and execute projects 
appropriate to the specific conditions. The technical expertise and local knowledge of land 
managers and stewards in all sectors must be elevated to ensure relevant, efficient, and 
effective climate action. 


Implementation of climate action should contribute to state targets, maximize local 
benefits, and alleviate environmental injustices and other social inequities. On-the-ground 
action is largely executed and managed by local and regional actors, but state 
government agencies must support communities across the state in implementing nature-
based climate solutions that address statewide objectives, such as the Scoping Plan 
carbon target. This includes providing resources and developing frameworks, while 
greatly increasing capacity and technical assistance to assist and empower local 
partners. Examples of how this can be done are the Regional Forest and Fire Capacity 
Program within the forestry sector, the UC Cooperative Extension in the agricultural and 
forestry sectors—as well as the work of the state’s 10 regional Conservancies. These 
programs provide strong examples to emulate as they facilitate statewide coordination, 
and information and resource transfer from the state to the regional and local levels. The 
Regional Forest and Fire Capacity Program provides funding for local and regional groups 
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to build their organizational capacity to plan and implement wildfire and forest 
management projects that are informed by their own local expertise. The UC Cooperative 
Extension is an example of how the state provides technical assistance to local 
landowners and community organizations, helping them apply the latest science-based 
management strategies to their lands. California’s regional Conservancies play a pivotal 
role in implementing regional conservation, restoration, and land management efforts 
through activities such as grant funding, science generation, and planning assistance. 


The state also has identified the need to incorporate and elevate traditional indigenous 
knowledge into climate action on the regional and local scales. Accomplishing this 
requires close partnerships with tribes for mutual knowledge and resource sharing, while 
protecting culturally sensitive knowledge and resources. As Tribes are sovereign nations 
with specialized cultural knowledge and experience in managing lands, climate action on 
these lands that contribute to the State of California’s climate targets can only be 
accomplished with the full participation and under the leadership of the Tribes that govern 
those lands. 


 Strategies for Achieving Success: Crosscutting Items for all NWL 
• Implement AB 1757 and SB 27. 
• Implement the Climate Smart Strategy. 
• Accelerate the pace and scale of climate smart action, consistent with the 


management levels identified above, as part of a collective effort between federal, 
state, private, nonprofit, and individual land managers. 


• Prioritize and practice equity, including through meaningful community 
engagement and prioritizing implementation of nature-based solutions that benefit 
the communities most vulnerable to climate change.483 


• Advance multi-benefit, collaborative, landscape-level approaches that engage 
communities and landowners, and incorporate adaptive managements. 


• Consult and partner with California Native American tribes to increase 
co-management and tribal management authority; restore, protect, and enhance 
natural cultural resources, traditional foods, and cultural landscapes; respect tribal 
sovereignty; and support tribes’ implementation of tribal expertise and Traditional 
Ecological Knowledge and cultural easements.484 


 


 
483 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N8. finalejacrecs.pdf 
(arb.ca.gov). 
484 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N1, N6, N16, N17, N18. 
finalejacrecs.pdf (arb.ca.gov). 



https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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• Leverage existing innovative financial and market mechanisms, and explore new 
ones, between the public, private, and philanthropic sectors to secure funding of 
climate smart land management. 


• In partnership with communities, tribes, and the private sector, expand and 
develop new infrastructure for manufacturing and processing of climate smart 
agricultural and biomass products.  


• Leverage and support technical assistance providers: such as the UC Cooperative 
Extension and California’s 98 Resource Conservation Districts, that have track 
records of providing technical assistance to local landowners and implementing 
agriculture, forestry, natural resource management, and restoration projects 
across the state.  


• Establish and expand mechanisms that ensure NWL are protected from land 
conversion and parcelization (e.g., conservation easements or Williamson Act), in 
line with the strategies outlined in CNRA’s Pathways to 30x30 California.485,486 Pair 
land conservation projects with management plans that increase carbon 
sequestration, where feasible. 


• Increase opportunities for private and philanthropic investments in nature-based 
climate solutions, utilizing existing voluntary and compliance carbon markets, 
existing state and local programs, and the California Carbon Sequestration and 
Climate Resiliency Project Registry established pursuant to SB 27. 


• Expand monitoring and tracking of management actions and outcomes consistent 
with the tracking and monitoring recommendations of the Climate Smart Strategy. 


 


Forests, Shrublands, and Chaparral  
At roughly 29 million acres, forests cover 27 percent of California. Shrublands and 
chaparral cover 31 percent of the state; roughly 33 million acres. Both types are distinct, 
with their own ecological dynamics and management strategies, and are modeled within 
a single model that is calibrated to treat them uniquely.  


Together, forests, shrublands, and chaparral support a high biodiversity of plants and 
animals, in addition to high levels of carbon stocks. They provide important air and water 
quality benefits to all Californians, as well as recreational opportunities and, for forests, 
harvested wood products for the state. These landscapes are fire-adapted, and historical 
tribal management of these lands has fostered ecosystem health and resilience. Over the 
past century, these lands have been impacted severely by fire exclusion, including 


 


 
485 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N5, N26, N27. finalejacrecs.pdf 
(arb.ca.gov). 
486 CNRA. 2022. Pathways to 30x30 California. https://www.californianature.ca.gov/pages/30x30. 



https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://www.californianature.ca.gov/pages/30x30
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exclusion of indigenous people’s management and past management practices, which 
has resulted in less resilient ecosystems and communities and more destructive wildfires 
today. This, along with drought induced stress and mortality, has changed these 
landscapes from a carbon sink to a carbon source. Climate smart management can help 
make forests more resilient to climate change and less prone to catastrophic wildfire. 
Climate-smart management in shrublands and chaparral face additional challenges and 
uncertainty, but can still provide protection for threatened communities and natural 
resources. This management, if conducted on a regular basis to maintain forest health, 
can help reduce emissions from forests, shrublands, and chaparral, and help strengthen 
and maintain the co-benefits that Californians experience from them. 


Under all management levels, forests and shrublands are expected to lose carbon over 
the next two decades due to climate change and wildfire (Figure 4-21). 


Figure 4-21: Forest (left) and shrubland (right) carbon stocks by 2045487,488 


  


While this decrease in carbon stocks may be inevitable, forest management under the 
Scoping Plan Scenario can help direct where and how carbon loss occurs. By proactively 
managing forests and shrublands, the loss of carbon from wildfire can be lessened as the 
risk of high severity fire is decreased, with the removed biomass going toward a more 


 


 
487 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N13. finalejacrecs.pdf 
(arb.ca.gov). 
488 This analysis is the aggregation of all forests and shrublands from all ownerships across the entire 
state of California. 
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useful purpose such as harvested wood products, bioenergy, and engineered carbon 
removal. Managing for a diverse and resilient forest landscape also can help forests 
recover more quickly so that when climate change and wildfire impacts occur, forests will 
be less affected and can continue to thrive and sequester carbon. Additional details on 
the climate benefit potential of forests and shrublands/chapparal can be found in Section 
2 of the NWL Climate Smart Strategy. 


Strategies for Achieving Success 


• Accelerate the pace and scale of climate smart forest management to at least 
2.3 million acres annually by 2025, in line with the climate smart management 
strategies identified in this Scoping Plan, the NWL Climate Smart Strategy, and 
the Wildfire and Forest Resilience Action Plan.489 


• Establish and expand mechanisms that ensure forests, shrublands, and 
grasslands are protected from land conversion and that support ongoing, rather 
than one-time, management actions. 


• In collaboration with state and local agencies, accelerate the deployment of long-
term carbon storage from waste woody biomass residues resulting from climate 
smart management, including storage in durable wood products, underground 
reservoirs, soil amendments, and other mediums. 


• Expand infrastructure to facilitate processing of biomass resulting from climate 
smart management. 


• Expand permit streamlining in collaboration with state and local agencies to 
accelerate implementation of climate smart forest management while protecting 
natural resources. 


 


Grasslands  
Grasslands cover 9 percent of California, roughly 10 million acres, and are found 
throughout the state in various landscapes, with concentrations in the foothills 
surrounding the Sacramento and San Joaquin Valleys. In addition to carbon storage 
(primarily in the soil), grasslands provide open space, wild habitat, grazing land, and 
important water filtration and recharge benefits. The protection of grasslands provides an 
opportunity to reduce sprawl and complement VMT reduction strategies. As grasslands 
are susceptible to invasive species, climate smart strategies can increase grassland 


 


 
489 Forest Management Task Force. 2021. California’s Wildfire and Forest Resilience Action Plan: 
Recommendations of the Governor’s Forest Management Task Force. 
https://www.fire.ca.gov/media/ps4p2vck/californiawildfireandforestresilienceactionplan.pdf. 



https://www.fire.ca.gov/media/ps4p2vck/californiawildfireandforestresilienceactionplan.pdf
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resilience to climate change by improving species diversity and maintaining or increasing 
soil carbon stocks.  


Modeling results show that increased fuels treatments and avoided land conversion can 
increase carbon stocks on grasslands by 2045, but sequestration rates fluctuate annually. 
Grasslands are capable of high carbon sequestration rates but are susceptible to carbon 
losses from wildfire and land conversion. Soil carbon is the major carbon pool on these 
lands, and continued future improvement of the monitoring and modeling of soil carbon 
is needed. Similar to forests and shrubland/chaparral, modeling alternatives that include 
fuels treatments resulted in greater carbon stocks compared to no management, and had 
lower wildfire emissions. Unlike forests and shrubland/chaparral, which have a general 
declining carbon stocks trend, the modeling results (Figure 4-22) show grasslands can 
maintain or increase carbon stocks with active management. Details on the climate 
benefit potential of grasslands can be found in Section 2 of the NWL Climate Smart 
Strategy. 


Figure 4-22: Grassland carbon stocks by 2045  


 


Strategies for Achieving Success 


• Establish and expand mechanisms that ensure grasslands are protected from land 
conversion/parcelization and that support ongoing, rather than one-time, 
management actions that improve carbon sequestration. 


• Deploy grassland management strategies, like prescribed grazing, compost 
application, and other regenerative practices, to support soil carbon sequestration, 
biodiversity, and other ecological improvements. 
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• Increase adoption of compost production on farms and application of compost in 
appropriate grassland settings for improved vegetation and carbon storage, and to 
deliver waste diversion goals through nature-based solutions. 


Croplands 
Croplands cover 9 percent of the state, roughly 9.5 million acres. This land is some of the 
most productive agricultural land in the world, and enables California to be a global leader 
in agriculture. Aside from developed lands, croplands are the most intensively managed 
landscapes in the state, and are closely tied to society through the food they produce and 
the constant, direct contact that people have with croplands through the course of 
management. In addition to food security, croplands provide considerable carbon storage 
in the soil and, in perennial croplands, in aboveground biomass. Climate smart practices 
can improve public health; for example, by reducing synthetic fertilizer and pesticide use. 
They also help to maintain or increase the climate resilience of cropland productivity 
through improved soil conditions and increased pollinator habitat.  


There is also significant potential to transform this sector to increase soil carbon storage, 
reduce GHG emissions (Figure 4-23), and reduce pesticide exposure and health impacts. 
Moving to an agricultural system that improves soil health and water holding capacity 
reduces over-application of nitrogen, reduces the use of pesticides and fumigants, and 
increases biodiversity and pollinator habitat, supporting California’s pathway to carbon 
neutrality while simultaneously improving the lives of those who live and work in the 
agricultural community. Croplands are intricately tied to people, communities, and their 
health, and through climate smart practices and cropland conservation, these lands have 
the potential to contribute more to society than just food.490 The implementation of climate 
smart agricultural practices and diversified organic agriculture can help California achieve 
social and environmental benefits, like improving water use efficiency, increasing 
pollinator habitat, and reducing synthetic fertilizer and pesticide use.491 Additional details 
on the climate benefit potential of croplands can be found in Section 2 of the NWL Climate 
Smart Strategy. 


 


 
490 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations In-part (N3, N4, N22), N5, N21. 
finalejacrecs.pdf (arb.ca.gov). 
491 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N11. finalejacrecs.pdf 
(arb.ca.gov). 


 



https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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Figure 4-23: Cumulative CO2e emissions from annual croplands in 2045492  


 
CARB recognizes the complex nature of croplands, cross-sector relationships, and the 
need to build on this analysis to further our understanding of cropland dynamics. Many 
more aspects of cropland management need to be explored for potential climate benefits, 
such as water and nutrient use management, pest control methods, crop rotations, and 
other management practices. The impacts of climate change on water availability, 
annual/perennial crop growth, and future carbon sequestration trends are uncertain, and 
recent policies such as the Sustainable Groundwater Management Act may also influence 
cropland management in unforeseen ways. Nonetheless, it is clear that greater climate 
smart practice implementation can prepare California for the future and yield tangible 
benefits for the state. 


Strategies for Achieving Success 


• Accelerate the pace and scale of healthy soils practices to 80,000 acres annually 
by 2025, conserve at least 8,000 acres of annual crops annually, and increase 
organic agriculture to 20 percent of all cultivated acres by 2045. 


 


 
492 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N11. finalejacrecs.pdf 
(arb.ca.gov). 
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• Utilize the recommendations included in CDFA’s Farmer and Rancher-Led Climate 
Change Solutions493 report to accelerate deployment of healthy soils practices, 
organic farming, and climate smart agriculture practices. 


• Establish or expand financial mechanisms that support ongoing deployment of 
healthy soils practices and organic agriculture.494 


• Support strategies that achieve co-benefits of safer, more sustainable pest 
management practices and the health and preservation of ecosystems, such as 
implementing the California Department of Pesticide Regulation’s (DPR’s) 
Sustainable Pest Management Work Group recommendations.495  


• Conduct research on the intersection of pesticides, soil health, GHGs, and pest 
resiliency via a multi-agency effort with DPR, CDFA, and CARB.496 


• Conduct outreach and education to develop and facilitate the increased adoption 
of safer, more sustainable pest management practices and tools; reduce the use 
of harmful pesticides; promote healthy soils; improve water and air quality; and 
reduce public health impacts. 


• In collaboration with state and local agencies, accelerate the deployment of 
alternatives to agricultural burning that increase long-term carbon storage from 
waste agricultural biomass, including storage in durable wood products, 
underground reservoirs, soil amendments, and other mediums. 


• Work across state agencies to reduce regulatory and permitting barriers around 
some healthy soils practices (e.g., composting), where appropriate. 


• Utilize innovative agriculture energy use and carbon monitoring and planning tools 
to reduce on-farm GHG emissions from energy and fertilizer application or to 
increase carbon storage, as well as to promote on-farm energy production 
opportunities.  


  


 


 
493 California Department of Food and Agriculture. 2021. Farmer and Rancher Led Climate Change 
Solutions. https://www.cdfa.ca.gov/oefi/climate/docs/cdfa_farmer_and_rancher-
led_climate_solutions_meetings_summary.pdf.  
494 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N5, N7. finalejacrecs.pdf 
(arb.ca.gov). 
495 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations N3, N4, N5, N7, N22. 
finalejacrecs.pdf (arb.ca.gov). 
496 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N11. finalejacrecs.pdf 
(arb.ca.gov). 



https://www.cdfa.ca.gov/oefi/climate/docs/cdfa_farmer_and_rancher-led_climate_solutions_meetings_summary.pdf

https://www.cdfa.ca.gov/oefi/climate/docs/cdfa_farmer_and_rancher-led_climate_solutions_meetings_summary.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf
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Wetlands 
Wetlands cover 2 percent of the state (roughly 1.7 million acres) and include inland and 
coastal wetlands, such as vernal pools, peatlands, mountain meadows, salt marshes, and 
mudflats. These lands are essential to California’s communities as they serve as hotspots 
for biodiversity, contain considerable carbon in the soil, are critical to the state’s water 
supply, and protect upland areas from flooding due to sea level rise and storms. Wetlands 
have been severely degraded through reclamation, diking, draining, and dredging 
practices in the past, resulting in the emissions of the carbon stored in the soils and the 
loss of ecosystem benefits. Climate smart strategies to restore and protect all the types 
of wetlands can reduce emissions while simultaneously improving the climate resilience 
of surrounding areas and improving the water quality and yield for the state. Restored 
wetlands also can reduce pressure on California’s aging water infrastructure. These 
benefits beyond emissions reductions will help in the future, as climate change is 
predicted to negatively affect water supply. 


Avoided conversion and restoration of Delta wetlands reduces CO2 and methane 
emissions from wetlands, with GHG reductions scaling with implementation rates (Figure 
4-24). Expansion of conservation and restoration efforts will generate benefits such as 
the conservation of biodiversity, improved water quality and supply, and reduced flood 
risk. Additional details on the climate benefit potential of wetlands can be found in Section 
2 of the NWL Climate Smart Strategy. 


Figure 4-24: Cumulative CO2e emissions from Delta wetlands by 2045 


 


Strategies for Achieving Success 


• Restore 60,000 acres of Delta wetlands annually by 2045 to reduce methane 
emissions from wetlands and reverse the resulting subsidence. 
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• Identify and prioritize wetland restoration efforts around climate vulnerable 
communities. 


• Leverage other funding and institutions to support wetland restoration projects, 
including land trusts, local funding (e.g., San Francisco Measure AA), federal 
funding, and private and philanthropic funding to support wetlands restoration 
projects. 


• Work across state agencies to reduce regulatory and permitting barriers around 
wetland restoration projects, where appropriate. 


 


Developed Lands 
Developed lands cover 6 percent of the state (roughly 6.8 million acres) and include 
urban, suburban, and rural areas, as well as transportation and supporting infrastructure 
throughout California. This area encapsulates the land on which the vast majority of 
Californians reside and call home. The vegetation within cities and communities, and 
along infrastructure, are all part of developed lands. This vegetation provides numerous 
benefits to surrounding areas, including carbon storage, air and water filtration, reduced 
urban heat island effect, and access to nature, aesthetics, and mental health, among 
others. These areas are susceptible to climate change as well, and climate smart 
strategies to protect and expand the urban forests, landscaping, green spaces, parks, 
and associated vegetation can increase their climate resilience and the benefits 
Californians derive from them. These strategies also have a significant opportunity to 
benefit disadvantaged communities, who may not have equitable access to these 
practices or the benefits they provide. Additional details on the climate and equity benefit 
potential of developed lands can be found in Section 2 and the Introduction of the NWL 
Climate Smart Strategy. 


Urban forests have a significant potential to sequester carbon (Figure 4-25). They are 
vastly different from wildland forests, as they require investments to maintain and irrigate. 
This results in the need for a significant increase in investment to increase urban forest 
carbon. As urban forests become denser and management difficulty increases, the 
carbon stock returns on investment diminish, making it expensive to maximize carbon in 
urban forests. Water availability and irrigation efficiency are also an important 
consideration for increasing urban forest cover. As water becomes scarcer, the 
prioritization of irrigating trees over lawns or gardens may be required to achieve 
increases in urban forest carbon.  
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Figure 4-25: Carbon stocks in urban forests by 2045 


 
Within wildland-urban interface (WUI) areas, defensible space can protect urban and rural 
communities from wildfire. Analysis results show that 48 percent of parcels are currently 
fully compliant with defensible space requirements. This highlights how much work needs 
to be done to protect communities and homes. Defensible space results in a decrease in 
carbon stocks, as expected when reducing fuels for wildfire.  


Strategies for Achieving Success 


• Increase urban forestry investment annually by 200 percent, relative to business 
as usual. 


• Increase public awareness of urban forest benefits and, where appropriate, 
prioritizing irrigation of trees over lawns. 


• Provide technical assistance and resources to disadvantaged communities to 
implement community urban greening projects to provide equitable access to the 
benefits of urban greening projects.497 


• Work with state and local agencies to expand technical assistance for and 
enforcement of the defensible space requirements of PRC 4291 to reduce wildfire 
risk to homes and structures. 


 


 


 
497 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N8. finalejacrecs.pdf 
(arb.ca.gov). 
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Sparsely Vegetated Lands 
Sparsely vegetated lands cover 10 percent of the state, roughly 10.2 million acres, 
primarily in the east and southern parts of California. These lands include deserts, 
beaches, dunes, bare rock, and areas covered in ice and snow (e.g., higher mountain 
elevations). The limited carbon storage of these lands varies from bare rock and mineral 
soil to more vegetated areas, though severe climate limits the amount of biomass. 
Nonetheless, sparsely vegetated lands are important for open space and provide rare 
and unique habitats for endemic species and a diversity of wildlife. These lands present 
important recreational opportunities for Californians and serve as important protective 
buffers in coastal and low-lying areas. Land use change threatens these lands, and 
conservation efforts are important for protecting these unique areas of California.498 


Avoided conversion of sparsely vegetated lands reduces the organic carbon lost from the 
soil, which is the major carbon pool in this land type (Figure 4-26). In identifying the 
outcomes for sparsely vegetated lands, CARB modeled avoided land conversion to 
another land use.  


Figure 4-26: Carbon stocks in sparsely vegetated lands by 2045 


 
Strategies for Achieving Success 


• Establish and expand mechanisms that ensure sparsely vegetated lands are 


 


 
498 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N26. finalejacrecs.pdf 
(arb.ca.gov). 
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protected from land conversion, prioritizing those areas most vulnerable to climate 
change and loss. 


  


Additional Management Strategies 
Additional nature-based climate solutions beyond those management strategies modeled 
for this Scoping Plan are available for implementation, but either cannot currently be 
modeled and/or affect carbon and the landscape in ways that cannot currently be tracked. 
Nevertheless, it is important to take action even where these technical gaps exist. Some 
of these actions, such as cultural burning and indigenous farming practices, have been 
used on large scales for decades or even centuries, while others are relatively new 
concepts. The state nevertheless recommends implementing the additional solutions 
listed here to achieve potential additional climate benefits, as well as other co-benefits. 
These additional solutions were drawn from the NWL Climate Smart Strategy and 
stakeholder, tribal government, and interagency feedback.499 


Considerations 
Although these practices are recommended, because of the lack of in-depth modeling 
and analysis available, several considerations must be addressed when implementing 
them. These considerations also apply to the management strategies included in the 
Scoping Plan Scenario. 


• Future climate change impacts are uncertain: The negative impact that climate 
change can have on the ability of these practices to maintain expected climate 
benefits is uncertain and may significantly change in the future. Climate change is 
expected to further diminish the already constricting growing conditions in 
California, with increasing droughts, more extreme weather events, and expanding 
disturbances from fire, insects, and disease. It is estimated that suitable habitat for 
many native plant and animal species could shift, creating novel ecosystems 
without historical precedent. Close monitoring of all practices, including no 
management, across our NWL will be critical to understand if and how future 
climate change affects outcomes and how to adapt management to meet the 
needs of the system under climate change.500 


 


 
499 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N24. finalejacrecs.pdf 
(arb.ca.gov). 
500 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N15. finalejacrecs.pdf 
(arb.ca.gov). 
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• Local conditions: Not every practice is applicable, feasible, or even desirable in 
every location across California. Implementation of these practices should account 
for local conditions and needs that may affect the appropriateness of that practice. 


• Long-term carbon storage: The ability to sequester additional carbon into NWL is 
only beneficial to the climate if that carbon stays out of the atmosphere. Many of 
the additional practices listed here may require continual incentives or 
interventions to ensure permanence of carbon storage in the soil and biomass. For 
example, in croplands, it is difficult to estimate how much of the carbon stored by 
no-tillage can be released by a single subsequent tillage, but a return to 
conventional tillage would usually be expected to erase most gains.501,502 


• Scaling actions: There are uncertainties on how these practices may impact both 
the environment and communities when significantly expanded. For this reason, it 
is best to take a cautious and measured approach to ramping up actions to a larger 
scale. 


• Infrastructure and operational needs: Scaling up the implementation of some of 
these practices demands transformational change in the supporting infrastructure 
and operational frameworks. For example, increasing forest management to the 
degree included in the Scoping Plan Scenario will require significant changes to 
wood-processing infrastructure, workforce capacity, permitting processes, 
technical assistance, and other operational constraints. The increased application 
of compost to croplands, and potentially to rangelands, will require a significant 
increase in organic waste and dairy manure collection to increase compost supply, 
in line with SB 1383. This will also require additional compost production facilities 
as well as compost/organic waste transportation and application methods.  


• Co-benefits: Many co-benefits from these practices exist beyond the climate 
benefits. These co-benefits include improved public and worker health; improved 
microbial, insect, and wildlife habitat; enhanced biodiversity; greater labor demand 
in the nature-based economy; and improved climate resilience. 


• Labor and Economics: Many of these practices require additional labor, and an 
evaluation of how many more jobs are needed to carry out many of these practices 


 


 


501 Muñoz-Romero, V., R. J. Lopez-Bellido, P. Fernandez-Garcia, R. Redondo, S. Murillo, and L. Lopez-
Bellido. 2017. “Effects of tillage, crop rotation and N application rate on labile and recalcitrant soil carbon 
in a Mediterranean Vertisol.” Soil Tillage Res. 169, 118–123. 
502 Mitchell, J. P., A. Shrestha, W. R. Horwath, R. J. Southard, N. Madden, J. Veenstra, and D. S. Munk. 
2015. “Tillage and cover cropping affect crop yields and soil carbon in the San Joaquin Valley.” California. 
Agron. J. 107, 588–596. 
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is currently unknown. There will also be the need to explore the costs and 
economic benefits of implementing these additional practices.  


• Retreatments: All of these practices have limits on how long they can enhance 
carbon sequestration. Many of these practices need to be periodically repeated, 
followed by complementary practices, or maintained through time. This increases 
costs and requires diligence and long-term stewardship.  


Additional NWL Actions and Strategies 
Below is a set of additional actions that should be taken on California’s natural and 
working lands. Again, these practices were not modeled for this Scoping Plan, and all of 
the considerations listed above should be taken into account before implementing the 
following actions. 


• Conservation of all NWL types (in line with the NWL Climate Smart Strategy and 
CNRA’s Pathways to 30x30 California) is critical to ensuring continued carbon 
sequestration and provision of co-benefits from these lands for all Californians.503 


• Reforestation following disturbance, using appropriate species, is an impactful 
practice that can help prevent conversion away from forestland and establish new 
trees to sequester carbon. The number of acres that may need reforestation 
following high severity wildfires is estimated to continue to increase into the future.  


• Restoration of shrublands, chaparral, riparian zones, and oak woodlands across 
California includes a variety of practices to alter their structure and return endemic 
species to the areas. These unique habitats provide multiple co-benefits to the 
state, such as clean water, reduced wildfire risk, and biodiverse habitats for flora 
and fauna.  


• Conservation and restoration of wetlands, beyond the Delta wetlands included in 
the NWL modeling, can protect these unique habitats and the climate benefits they 
provide. These wetland types can include but are not limited to coastal wetlands, 
mountain meadows, vernal pool complexes, alkali sinks and meadows, and 
floodplains. 


• Conservation and restoration of seagrasses and seaweeds provide a number of 
benefits, including carbon storage and sequestration, habitat provision for many 
culturally and commercially important species of fishes and invertebrates, 
shoreline protection, and tourism opportunities.504 


 


 
503 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N26, N27. finalejacrecs.pdf 
(arb.ca.gov). 
504 AB 32 EJ Advisory Committee. 2022 Scoping Plan Recommendations, N2. finalejacrecs.pdf 
(arb.ca.gov). 
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• Prescribed herbivory utilizes various livestock to consume vegetation to reduce 
fuel loads across an area. This fuel management practice can be used in forests, 
grasslands, and shrublands as an effective alternative to herbicide use, and should 
be considered wherever local conditions allow. 


• Urban and community greening efforts such as green schoolyards, urban farms, 
rain gardens, community gardens, community composting, and many more 
provide numerous health benefits to communities.  


• Additional Healthy Soils Program practices on annual croplands such as 
conservation cover and crop rotation, biomass planting for borders, wind barriers, 
riparian areas, and improved nutrient management can improve soil health, water 
retention, and increase carbon stocks.  


• Healthy Soils Program practices on perennial croplands and rangelands, such as 
compost application and alley cropping/cover cropping to improve soil health, 
water retention, erosion control, and biomass growth.505  


• Stacking of these Healthy Soils Program practices, where appropriate, in perennial 
and annual systems, can synergistically improve soil health and provide multiple 
benefits. 


• Mulching adds high carbon materials to croplands or fallowed lands to reduce 
competing vegetation and retain moisture. This practice can support other benefits 
such as reduced water use and reduced synthetic pesticide and fertilizer use, as 
well as provide a use for suitable forest and agricultural waste biomass. 


• Reductions in the use of synthetic fertilizers in cropland management, generally 
supported by the implementation of new management tools or technologies, can 
lead to reductions in GHG emissions from the production and application of 
fertilizers. This benefit is in addition to the co-benefits of reduced chemical runoff 
into waterways and reduced exposure of human populations to their harmful 
effects. 


 


 


 


505 Various types of organic amendments are being researched for application to particular landscape 
types. For example, compost application to rangelands is a relatively new practice that has been shown 
to improve soil health and increase carbon sequestration in the short term, though the science on the 
long-term impacts of this practice is still developing and the supply of available compost may be limiting. 
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Chapter 5: Challenge Accepted 
This chapter provides an overview of the next steps and partnerships that will be needed 
to successfully implement this Scoping Plan. The path forward is not dependent on one 
agency, one state, or even one country. It will take action on a global level to address the 
threat climate change poses. But, the work begins at home.506 The state can lead by 
engaging Californians and demonstrating how action at the state, regional, and local 
levels of government, as well as action at community and individual levels, can contribute 
to addressing the challenge before us. We must build partnerships with academic 
institutions, private industry, and others to support and accelerate the transition to carbon 
neutrality. Ultimately, the success of this Scoping Plan will be measured by our ability to 
implement the actions modeled in the Scoping Plan Scenario at all levels of government 
and society. This will depend on a mix of legislative action, regulatory program 
development, incentives, institutional support, workforce and business development, 
education and outreach, community engagement, and research and development and 
deployment. Optimizing this mix will help to ensure that clean energy and other climate 
mitigation strategies are clear, winning alternatives in the marketplace and in 
communities—to promote equity, drive innovation, and encourage consumer adoption. 
Bold institutional action will catalyze continued research and push private investment to 
create jobs and bring innovative ideas to reality. 


State-level Action 
Achieving the targets described in this Scoping Plan will require continued commitment 
to and successful implementation of existing policies and programs and identification of 
new policy tools and technical solutions to go further, faster. California’s Legislature and 
state agencies will continue to collaborate to achieve the state’s climate, clean air, equity, 
and broader economic and environmental protection goals. It will be necessary to 
maintain and strengthen this collaborative effort, and to draw upon the assistance of the 
federal government, regional and local governments, tribes, communities, academic 
institutions, and the private sector to achieve the state’s near-term and longer-term 
emission reduction goals and a more equitable future for all Californians. 


 


 
506 This “polycentric” approach to climate challenges, engaging many levels of government, was 
articulated in leading papers by Nobel laureate Elinor Ostrom. See, for example, Ostrom, E. 2014. “A 
Polycentric Approach to Coping with Climate Change.” Annals of Economics and Finance 15-1, 97–134. 
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Regulations and Programmatic Development 
Meeting the AB 32 2020 GHG emissions reduction target several years earlier than 
mandated demonstrated that developing mitigation strategies through a public process, 
where all stakeholders have a voice, leads to effective actions that address climate 
change and yields a series of additional economic and environmental co-benefits to the 
state. Following adoption of this Scoping Plan, state agencies will continue to update and 
implement new and existing programs to align with the outcomes in the plan. Community, 
tribal, and stakeholder engagement will be a critical part of this work. Several state 
agencies, including CARB, the CEC, the California State Transportation Agency 
(CalSTA), the CPUC, and others will need to be part of various subsequent rulemaking 
processes. Each of these agencies’ leadership and technical staff will engage with the 
public through public meetings, written and oral comment, and other methods of 
engagement. This work will be informed by evaluations of the health, air quality, 
environmental, equity, and economic benefits and impacts of regulations, including an 
assessment of the societal cost of carbon, as required under AB 197. 


Incentive Programs 
As described in Chapter 1, incentive programs are one of the most important tools the 
state has in advancing our low carbon future, especially for climate vulnerable 
communities. The programs ensure clean technology and energy are accessible and are 
critical to closing ongoing opportunity gaps. These programs also leverage private-sector 
investment and build sustainable, growing markets for clean and efficient technologies, 
and they are particularly necessary to support GHG emission reduction strategies for 
priority sectors, sources, and technologies. Clean technologies are often already the best 
and lowest cost option over their lifetimes but incentive funding is critical to ensure that 
they are broadly available, especially in climate vulnerable communities. Incentives also 
build on California’s long track record of driving innovative technology developments, and 
creating new industries, with targeted investment. The Inflation Reduction Act also 
provides a new source of funding and tax incentives that must be leveraged to help 
achieve the state’s climate goals. 


Many state funding programs are designed to achieve multiple objectives simultaneously: 
reduce emissions from GHGs, criteria pollutants, and toxic air contaminants; manage 
natural and working lands for carbon sequestration; and address health and opportunity 
gaps in disadvantaged communities. California’s incentive programs focused on jump-
starting the transition to a zero emission transportation future are a good example of this 
“stacked” approach. The state is investing billions of dollars through programs such as 
the On-Road Heavy-Duty Voucher Incentive Program and Clean Cars 4 All in order to 
replace the light- and heavy-duty vehicles most responsible for the state’s GHG emissions 
and poor air quality, all while bolstering the nascent ZEV market. Further strategies aid in 
developing new technologies, in ramping up access for all, and in shifting to cleaner 







267 


 


modes of transport; for instance, by supporting investments in walkable, bikeable 
communities and transit, as well as in vehicles. This funding strategy is, of course, paired 
with the regulatory approach described above.  


Local Action 
Local action by cities can support and amplify efforts to reduce GHGs. For example, the 
City of Oakland requires all new construction to be all-electric and is currently working on 
electrifying existing buildings.507 In addition, starting in 2023, the City of Sacramento will 
require all new buildings under three stories to be all-electric, and it extends the mandate 
to all new construction by 2026 with some limited exemptions. The City of Sacramento 
also requires levels of EV charging infrastructure in new construction starting in 2023, 
higher than the minimum state requirements, and provides parking incentives for zero-
emission carsharing and EV charging.508 Local governments asserting this type of 
leadership are critical partners in supporting state-level measures to contain the growth 
of GHG emissions associated with the transportation system and the built environment. 


California must accommodate population and economic growth in a far more sustainable 
and equitable manner than in the past. Good climate policy can and should create 
affordable and pleasant places to live, with effective transport and clean air for all—a 
future in which local governments and communities are central partners. Local 
governments have the primary authority to plan, zone, approve, and permit how and 
where land is developed to accommodate population growth, economic growth, and the 
changing needs of their jurisdictions. They also make critical decisions on how and when 
to deploy transportation infrastructure, and can choose to support transit, walking, 
bicycling, and neighborhoods that do not force people into cars. Local governments also 
have the option to adopt building ordinances that exceed statewide building code 
requirements, and play a critical role in facilitating the rollout of ZEV infrastructure. As a 
result, local government decisions play a critical role in supporting state-level measures 
to contain the growth of GHG emissions associated with the transportation system and 
the built environment—the two largest GHG emissions sectors over which local 
governments have authority. 


Local governments are also frequently the source of innovative and practical climate 
solutions that can be replicated in other areas. Their efforts to reduce GHG emissions 
within their jurisdictions are vital to achieving the state’s near-term air quality and long-
term climate goals. Local governments must continue to take action that affirmatively 


 


 
507 City of Oakland. Building Electrification. https://www.oaklandca.gov/projects/building-electrification. 
508 City of Sacramento. Electrification of New Construction. 
http://www.cityofsacramento.org/SacElectrificationOrdinance. 



https://www.oaklandca.gov/projects/building-electrification

http://www.cityofsacramento.org/SacElectrificationOrdinance
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builds the projects and expend the funds needed to further the state’s collective path 
toward equitable emissions reductions. As such, aligning local jurisdiction action with 
state-level priorities to tackle climate change and the outcomes called for in this Scoping 
Plan is critical to achieving the statutory targets for 2030 and 2045. Local governments 
can implement climate strategies that can effectively engage residents by addressing 
local conditions and issues that also deliver local economic benefits. 


Local Climate Action Planning and Permitting 
California encourages local jurisdictions to take ambitious, coordinated climate action at 
the community scale; action that is consistent with and supportive of the state’s climate 
goals.509 As discussed in more detail in Appendix D (Local Actions), local jurisdictions 
can do much to enable statewide priorities, such as taking local action to help the state 
develop the housing, transport systems, and other tools we all need. Indeed, state tools—
such as the Cap-and-Trade Program or zero-emission vehicle programs—do not 
substitute for these local efforts. Multiple legal tools are open to local jurisdictions to 
support this approach, including development of a climate action plan (CAP), 
sustainability plan, or inclusion of a plan for reduction of GHG emissions and climate 
actions within a jurisdiction’s general plan. Any of these can help to align zoning, 
permitting, and other local tools with climate action.  


Once adopted, the GHG emissions reductions plans detailed in CAPs can provide local 
governments with a valuable tool for coordinated climate planning in their community. 
When a local CAP complies with CEQA requirements, individual projects that comply with 
the CAP are allowed to streamline the project-specific GHG analysis.510,511 Effectively, 
local governments that adopt a CEQA-compliant CAP enable project developers to use 
this streamlined approach. This saves time and resources and provides more consistent 
expectations for how GHG reduction measures are applied across projects in the 
jurisdiction. While the state encourages local governments to follow this approach, we 
acknowledge not all jurisdictions have the resources to develop a CAP that meets the 
CEQA requirements. 


In addition to being required for a local CAP to comply with CEQA, local GHG reduction 
targets have long been recommended as part of the process of developing a climate 


 


 
509 This plan provides more detailed guidance and tools to local governments in Appendix D (Local 
Actions). 
510 Cal. Code of Regs., tit. 14, § 15183.5. 
511 California Governor’s Office of Planning and Research. n.d. “General Plan Guidelines - Chapter 8 
Climate Change.”  
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action plan.512 One challenge local jurisdictions have faced is how to evaluate and adopt 
quantitative, locally appropriate goals that align with statewide goals. An effective 
response to this challenge is to focus on goals that can help implement overall state 
priorities—enabling the key transformations California needs. 


There are many ways that local governments can make key contributions to this 
transformation, depending on the characteristics of their jurisdiction and community. For 
example, some jurisdictions will inherently have more land capacity to remove and store 
carbon, whether through natural and working lands or by other means. Other jurisdictions 
will be host to GHG-emitting facilities that serve necessary functions and will take time to 
transition to clean technology (e.g., municipal wastewater treatment plants, landfills, and 
energy generation and transmission facilities). It is important to recognize that we will 
need to build new energy production and distribution infrastructure, and repurpose 
existing ones, for clean technology and energy before we are able to phase down existing 
fossil sources. There also will be a need to handle the significant amount of biomass 
resulting from sustainable forest management for catastrophic wildfire prevention, 
agricultural waste, and landfill diversion. 


Regional efforts can support change too: energy and transportation systems that serve 
Californians do not stop at jurisdictional boundaries, and some local decisions can have 
ramifications for other communities. For instance, Metropolitan Planning Organizations 
(MPOs) can help to integrate local efforts by planning consistent with the Scoping Plan 
and Climate Action Plan for Transportation Infrastructure, including by removing polluting 
roadway capacity expansions from project pipelines and instead focusing on climate-
friendly solutions. These varied capabilities and needs should be taken into account in 
setting targets for local climate plans. For instance, although net zero targets can often 
be valuable and achievable, and mitigation is important, targets should be considered in 
the larger context of these goals. This all means any GHG targets on a local scale should 
take into consideration the actions and outcomes included in this Scoping Plan. 
Jurisdictions considering “net zero” targets should carefully consider the implications such 
targets may have on emissions in neighboring communities and the ability of the state to 
meet our collective targets. 


Jurisdictions without formal CAPs also have important opportunities within this context. 
These jurisdictions can still take actions that effectively translate key state plans, goals, 
and targets, including those articulated in this Scoping Plan for local action. For instance, 
state ZEV targets can advance local efforts to promote broad and equitable access to 
charging and fueling. Similarly, local jurisdictions can enable reduced dependence on 


 


 
512 Climate Smart Communities. 2014. Climate Action Planning Guide. https://cdrpc.org/wp-
content/uploads/2015/05/CAP-Guide_MAR-2014_FINAL.pdf. 



https://cdrpc.org/wp-content/uploads/2015/05/CAP-Guide_MAR-2014_FINAL.pdf

https://cdrpc.org/wp-content/uploads/2015/05/CAP-Guide_MAR-2014_FINAL.pdf
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single-occupancy vehicles by supporting dense infill housing and transit, among other 
actions. Such actions can be reflected in particular project plans, in general plans, or 
through other local policies. Regional partnerships among these jurisdictions can also 
help tap resources and provide for more effective overall action. 


Unlocking CEQA Mitigation for Local Success 
The California Environmental Quality Act also provides important tools for lead agencies 
to support the achievement of the state’s GHG and VMT reduction goals. Although many 
climate-friendly local government actions already fall into categories that may not require 
a full CEQA analysis, thanks to streamlining or other tools, and although certain product 
types (such as affordable infill housing) are generally clearly consistent with state climate 
goals, CEQA analyses may still sometimes be required. CEQA can be a powerful and 
useful tool to engage the public, identify additional opportunities to support climate efforts, 
and localize change. It is important that lead agencies look for ways to use CEQA to 
support these core purposes, ensuring that these processes do not become sources of 
delay but instead unlock more opportunities. The uncertainty analysis in Chapter 2 
evaluates how project implementation delays can lead to missed state climate targets 
and continued dependence on fossil energy. Mitigation measures applied in the 
communities affected by projects subject to CEQA have the added benefit of improving 
health, social, and economic resiliency as climate impacts worsen. 


Appendix D (Local Actions) explores the role of local government action and CEQA in 
detail. As discussed there, an important CEQA-related tool is mitigation—which can be 
used to further drive local action consistent with state climate goals. When a lead agency 
determines that a proposed project would result in potentially significant GHG impacts 
due to its GHG emissions or a conflict with state climate goals, the lead agency must 
impose feasible mitigation measures to minimize the impact. Appendix D (Local Actions) 
provides suggestions for prioritizing the various types of mitigation, starting with on-site 
GHG-reducing design features513 and mitigation measures, such as methods to reduce 
VMT and support building decarbonization, access to shared mobility services or transit, 
and EV charging. After exhausting all the on-site GHG mitigation measures, CARB 
recommends prioritizing local, off-site GHG mitigation measures, including both direct 
investment and voluntary GHG reduction or sequestration projects, in the neighborhoods 
impacted by the project. This could include, for example, development of a neighborhood 
green space, investment in street trees, or expansion of transit services. Implementing 
GHG mitigation measures in the project’s vicinity would allow the project proponent and 
the lead agency to work directly with the affected community to identify and prioritize the 


 


 
513 Cal. Code of Regs., tit. 14, § 15126.4(c)(2) and (3). 
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mitigation measures that meet their needs while minimizing multiple environmental and 
societal impacts.  


Once all potential on-site and local off-site GHG mitigation measures have been 
incorporated to the extent feasible, Appendix D (Local Actions) provides further 
suggestions for prioritizing other mitigation types, including non-local off-site mitigation, 
and voluntary offsets issued by a recognized and reputable voluntary carbon registry (as 
listed on CARB’s website514) may be appropriate. Additional in-state mitigation also may 
be available in the upcoming SB 27515 (Skinner, Chapter 237, Statues of 2021) registry, 
which will serve as a database of projects in the state that drive climate action on natural 
and working lands. Lead agencies should use substantial evidence to demonstrate that 
the project proponent explored and prioritized investments in feasible, local mitigation 
prior to moving mitigation to a geography located farther away from the project. 


Communities and Environmental Justice  
As noted in Board Resolution 20-33,516 it is incumbent on CARB to function as an agent 
of responsible social change, especially when it is clear that environmental injustices 
continue to persist for low-income communities, tribes, and communities of color.  


State law defines environmental justice as the fair treatment of all people of all races, 
cultures, and incomes with respect to the development, adoption, implementation, and 
enforcement of environmental laws, regulations, and policies.517 Government Alliance for 
Race and Equity (GARE)518 defines racial equity as when race can no longer be used to 
predict life outcomes and outcomes for all groups are improved.  


For this Scoping Plan to be successful, it must address environmental justice and 
advance racial equity. Implementation of the plan needs to address the needs of those 
communities that are disproportionately burdened by climate impacts and continue to face 
significant health and opportunity gaps. Now, we need to ensure our actions allow these 
communities to not only have a seat at the table, but also inform and shape the policies 


 


 
514 CARB. 2022. Offset Project Registries. https://ww2.arb.ca.gov/our-work/programs/compliance-offset-
program/offset-project-registries.  
515 SB 27. Carbon sequestration: state goals: natural and working lands: registry of projects. (SB 27, 
Skinner, Chapter 237, Statutes of 2021). 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202120220SB27.  
516 CARB. 2020. Resolution 20-33: A Commitment to Racial Equity and Social Justice. October 22. 
https://ww2.arb.ca.gov/sites/default/files/barcu/board/res/2020/res20-33.pdf. 
517 Gov. Code, § 65040.12, subd. (e). 
518 Local and Regional Government Alliance on Race and Equity. 2015. Advancing Racial Equity and 
Transforming Government: A Resource Guide to Put Ideas into Action. Page 9. 
https://racialequityalliance.org/wp-content/uploads/2015/02/GARE-Resource_Guide.pdf. 
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to ensure their communities thrive. With this Scoping Plan, the state also adds a new tool 
to identify which communities will be the least resilient in the face of selected climate 
impacts and will see disproportionate economic impacts as a result. As described in 
Chapter 3, the CVM will enable the state to target programs and policies to build resiliency 
in the specific regions that will feel climate impacts more acutely due to existing health 
and opportunity disparities leading to disproportionate economic impacts. This tool will be 
critical in the state’s efforts to address climate impacts while accounting for environmental 
injustices and racial inequities. CARB will incorporate the CVM into its work as it moves 
forward and will share this new tool with other agencies to align our efforts. The goal is to 
keep expanding the CVM to incorporate additional climate impacts to better identify 
disproportionate economic impacts as community level data becomes available. 


AB 617 is another important tool for both Air Districts and CARB to bring resources to 
communities that have long been disproportionately burdened by poor air quality. While 
AB 617 does not require local agencies to participate in the Community Air Protection 
Program, several AB 617 communities are finding ways to bring local land use agencies 
to the table to respond to community priorities. We look forward to more opportunities to 
foster relationships with local authorities and continued collaboration between state and 
air district programs. 


In alignment with AB 32, and to ensure environmental justice and racial equity were 
integrated into this Scoping Plan, CARB reconvened the AB 32 Environmental Justice 
Advisory Committee (EJ Advisory Committee) to advise CARB on the development of this 
Scoping Plan. Since reconvening in May 2021, the EJ Advisory Committee has engaged 
in the following activities:  


• In October 2021, the EJ Advisory Committee sent a letter to the governor 
requesting a timeline extension for the Scoping Plan process. In response to the 
EJ Advisory Committee’s letter, CARB modified this Scoping Plan process519 and 
committed to an active engagement with the EJ Advisory Committee following the 
approval of this Scoping Plan. The EJ Advisory Committee also presented to the 
CARB Board520 at its October 2021 Board meeting, reiterating its request for a 
timeline extension, as well as sharing additional concerns about process.  


 


 
519 Randolph, L. M. 2021. LMR October 19 response to Environmental Justice Advisory Committee 
Letter. https://ww2.arb.ca.gov/sites/default/files/2021-
10/LMR%20October%2019%20response%20to%20EJAC%20Letter%20Final.pdf.  
520 Argüello, M. D., K. Hamilton, S. Taylor, and P. Torres. 2021. EJ Advisory Committee Co-Chair 
Informational Presentation to CARB Board. October 28. 
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2021/102821/21-11-4pres.pdf. 
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• In December 2021, the EJ Advisory Committee shared its responses to Scenario 
Input Questions,521 as well as a narrative document outlining their concerns522 


around the process, the need for evaluation, and the need for a tribal 
representative. In response to the EJ Advisory Committee Scenario Input 
Questions, CARB incorporated the EJ Advisory Committee responses into the 
Scenario Assumptions document,523 and modeled results from PATHWAYS.524 In 
response to the EJ Advisory Committee’s concerns, CARB worked diligently to 
appoint a tribal representative525 in February 2022, and to outline additional 
opportunities for the EJ Advisory Committee to engage in the Scoping Plan 
process.526  


• In March 2022, the EJ Advisory Committee presented at the joint EJ Advisory 
Committee / CARB Board meeting527 and walked through their preliminary draft 
recommendations to inform this Scoping Plan. In April, the EJ Advisory Committee 
shared its revised preliminary draft recommendations528 to inform this Scoping 
Plan.  


• In September 2022, the EJ Advisory Committee presented at the joint EJ Advisory 
Committee / CARB Board meeting529 and engaged in discussion about priority 
items as they relate to incorporating environmental justice into the Scoping Plan. 
By the end of September, the EJ Advisory Committee shared its final 


 


 
521 EJ Advisory Committee. 2021. EJ Advisory Committee Final Responses to CARB Scenario Inputs. 
December 2. https://ww2.arb.ca.gov/sites/default/files/2021-
12/EJAC%20Final%20Responses%20to%20CARB%20Scenario%20Inputs_12_2_21.pdf. 
522 EJ Advisory Committee. 2021. EJ Advisory Committee Responses to Scenario Input Questions. 
EJ Advisory Committee narrative document regarding scenario input recommendations. December 1. 
https://ww2.arb.ca.gov/sites/default/files/2021-
12/EJAC%20Narrative%20Document%20re%20Scenario%20Input%20Recommendations%2012_1_202
1.pdf.  
523 CARB. 2021. PATHWAYS Scenario Modeling. https://ww2.arb.ca.gov/sites/default/files/2021-
12/Revised_2022SP_ScenarioAssumptions_15Dec.pdf.  
524 E3. 2022. CARB Draft Scoping Plan AB32 Source Emissions Initial Modeling Results. March 15. 
https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf.  
525 CARB. AB32 EJ Advisory Committee Meeting, February 28, 2022 CARB Update. 
https://ww2.arb.ca.gov/sites/default/files/2022-02/CARB%20EJAC022822presentation.pdf.  
526 Fletcher, C. 2021. CARB Response to EJ Advisory Committee Narrative. CARB. December 15. 
https://ww2.arb.ca.gov/sites/default/files/2021-12/CARB%20response%20to%20EJAC%20Narrative.pdf. 
527 EJ Advisory Committee. 2022. EJ Advisory Committee Presentation: Preliminary Draft 
Recommendations. March 10. 
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/031022/ejacpres.pdf. 
528 AB 32 EJ Advisory Committee. Draft Recommendations. 
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/031022/ejacrecsrevised.pdf. 
529 EJ Advisory Committee. 2022. EJAC Presentation. September 1. 
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/ejacpres.pdf 
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recommendations530 to inform this Scoping Plan. To the extent possible, CARB 
has incorporated and cited these recommendations through this Scoping Plan. 


 


In addition to the activities listed above, Central Valley EJ Advisory Committee members 
hosted a successful community engagement workshop531 in San Joaquin Valley in 
February 2022 with over 100 attendees. Members of EJ Advisory Committee hosted a 
statewide community engagement workshop532 in June 2022 with more than 
165 attendees. Throughout the EJ Advisory Committee’s process, members of the 
Committee continued to work with their communities to ground truth their 
recommendations to inform the development of the Scoping Plan. The EJ Advisory 
Committee worked hard to ensure the voices of those communities most burdened by 
climate impacts were reflected in the plan. The EJ Advisory Committee will continue to 
play an ongoing role in the implementation of this Scoping Plan to ensure environmental 
justice and racial equity are prioritized in our effort to address the climate challenge 
before us.  


To the extent possible, the EJ Advisory Committee’s recommendations were integrated 
throughout the plan. This plan directly cites instances where there is alignment between 
the plan and the EJ Advisory Committee recommendations. This approach seeks to 
ensure there is more transparency and identify consensus that exists, as well as relevant 
ways equity and environmental justice are addressed in this plan and in the planning for 
future related implementation activities. CARB is dedicated to its efforts to ensure this 
plan does not leave communities behind. 


As this Scoping Plan moves into the implementation phase, there will be a need to better 
understand how to address EJ Advisory Committee recommendations on the following 
topics: 


• Actions under the jurisdiction of other agencies: there are certain EJ Advisory 
Committee recommendations that are outside of CARB’s jurisdiction. As the EJ 
Advisory Committee continues to convene, it would be helpful to understand the 


 


 
530 EJ Advisory Committee. 2022. EJAC 2022 Scoping Plan Recommendations. September 30. 
https://ww2.arb.ca.gov/sites/default/files/barcu/board/books/2022/090122/finalejacrecs.pdf 
531 San Joaquin Valley Climate Justice & the Scoping Plan. 2022. 
https://ww2.arb.ca.gov/sites/default/files/2022-
07/SJV%20Climate%20Justice%20%26%20the%20Scoping%20Plan%20Workshop%20Report%20out%20%2
6%20Recommendations_5.2022.pdf 
532 EJAC. 2022. EJAC/Community Engagement Synthesis Report ’22. 
https://ww2.arb.ca.gov/sites/default/files/2022-07/EJAC-CommunityEngagement-SynthesisReport-2022-
English%26Spanish.pdf. 
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role that CARB can play as it relates to the EJ Advisory Committee’s 
recommendations for actions outside CARB’s jurisdiction and coordinates with 
sister agencies.  


• Actions that require legislative direction: there are certain EJ Advisory Committee 
recommendations that would require legislative action. As the EJ Advisory 
Committee continues to convene, it will be helpful to understand how CARB can 
work with the EJ Advisory Committee to share these recommendations with the 
appropriate members of the Legislature.  


• Actions directly tied to implementation activities: This Scoping Plan is not an 
implementation document; it is a plan to chart a course to continue to reduce GHG 
emissions and achieve carbon neutrality. Once the Scoping Plan is approved, 
there will be follow-up action at CARB, as well as at other agencies. In these follow-
up efforts, there will be a role for ongoing EJ Advisory Committee engagement. 


• Actions to implement recent legislation, such as SB 905. 
 


CARB proposes to continue to work with the EJ Advisory Committee to better understand 
how to move forward on EJ Advisory Committee recommendations that fall into the topics 
listed above and any other recommendations that were not included in this plan. It is also 
important to note that there are numerous recommendations where CARB shares the 
goals of the EJ Advisory Committee and can assist in implementation steps. Examples 
include the following:  


• CARB shares the goal of prioritizing non-fossil energy generation and supports 
non-fossil projects and opportunities to locate behind-the-meter clean resources in 
communities of concern in programs such as the Solar on Multifamily Affordable 
Housing program. 


• CARB will engage with agencies and academic institutions to further workforce 
development.  


• Many other recommendations related to financial support for various energy 
projects, such as microgrids, are within the purview of the CPUC or local publicly 
owned utilities. Similarly, utility scale projects are within the jurisdiction of other 
agencies. However, CARB supports strategies identified in the recommendations 
such as offshore wind to reduce the reliance on fossil fuel generation. 


• CARB is supportive of rooftop solar, although it is not within CARB’s jurisdiction to 
determine how incentives for those projects are structured.  


• CARB is supportive of strong energy decarbonization goals, recognizing that 
increased reliance on electrification in transportation and other sectors will create 
significant demand for electricity, and therefore ensuring reliability of a 
decarbonized grid is a critical need for the state.  


• In the transportation sector, CARB is supportive of the EJ Advisory Committee’s 
recommendations to maintain aggressive zero emission vehicle goals consistent 
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with its statutory mandate to ensure regulations are technologically feasible and in 
alignment with Governor Newsom’s ZEV Executive Order (EO N-79-20). CARB 
looks forward to continued engagement on rulemakings that will implement these 
goals.  


• As noted elsewhere in this plan, CARB is supportive of the Caltrans California 
Transportation Plan 2050 and the California Climate Action Plan for Transportation 
Infrastructure.  


• CARB is supportive of additional public support for transit. CARB is supportive of 
locating EV charging in low-income communities and communities of color.  


• CARB is supportive of prioritizing funding incentives for transit and heavy- and 
medium-duty vehicles, although CARB does believe there is an important role for 
incentives that support adoption of light-duty vehicles for the time being. CARB will 
also be opening a rulemaking on the Low Carbon Fuel Standard to ensure it 
continues to support clean fuels that will displace petroleum fuels and will consider 
the EJ Advisory Committee recommendations on this program.  


• In the industrial sector, in addition to the strategies discussed more fully in this 
Scoping Plan, CARB continues to work with the Legislature, local agencies, and 
air districts to support, implement, and enforce effective reductions in emissions of 
GHGs and air pollutants in stationary sources. The air districts have the authority 
to directly issue permits addressing a facility’s criteria pollutant and toxics 
emissions levels. These levels are set after careful permit review, under district 
regulation and statute. However, AB 617 directs and authorizes CARB to take 
several actions to improve data reporting from facilities, air quality monitoring, and 
pollution reduction planning for communities affected by a high cumulative 
exposure burden. CARB will continue to implement AB 617 and look for ways to 
strengthen the Community Air Protection Program. 


• Considerations around the phaseout of oil and gas extraction and refining, and the 
role of carbon capture are discussed more thoroughly in Chapter 2. 


 


As CARB continues to engage with the EJ Advisory Committee—in addition to the EJ 
Advisory recommendations that have been integrated throughout this plan—below are 
the following commitments that CARB is making to ensure that environmental justice is 
integrated in this plan and its implementation:  


• Building decarbonization is a pillar of this Scoping Plan and CARB commits to 
working closely with state and local agencies to implement the EJ Advisory 
Committee recommendations that call for prioritization for residents in low-income 
communities and communities of color in this transition.  


• CARB commits to sharing the EJ Advisory Committee’s recommendations with the 
CEC, CPUC, and other agencies administering funds to support building 
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decarbonization, and to work closely with those agencies as they engage in public 
processes to further building decarbonization.  


• CARB has committed to review the Cap-and-Trade program and determine what 
potential legislative or regulatory amendments could be necessary to ensure the 
program continues to deliver GHG reductions needed to achieve the statutory 
climate goals. In that process, CARB will consider the recommendations of the EJ 
Advisory Committee533 and Independent Emissions Market Advisory 
Committee,534 as well as others. 


 


Critically, the EJ Advisory Committee makes numerous recommendations centered 
around tracking progress of the various strategies in this Scoping Plan. Currently, 
progress is tracked and reported in numerous ways, including the annual GHG inventory 
and reports to the Legislature. Part of the ongoing work of implementation, however, will 
include consideration of ways to provide more data and information to the public, such as 
rates of deployment of clean energy and technology as described in Chapter 1. CARB 
will also continue to collaborate with CDPH and OEHHA on health metrics to track 
cumulative benefits of air pollution and climate programs, especially in low-income 
communities and communities of color. 


As noted earlier in this document, the EJ Advisory Committee will continue to play a vital 
role in the Scoping Plan and its implementation to ensure environmental justice and racial 
equity are prioritized in our effort to address the climate challenge before us. This includes 
ongoing EJ Advisory Committee engagement to advise CARB on the development of the 
Scoping Plan and any other pertinent matters in implementing AB 32. The ongoing EJ 
Advisory Committee will help to ensure integration of environmental justice in 
implementation efforts as it relates to AB 32, and also help CARB as we work toward a 
future where race is no longer a predictor for life outcomes. 


Academic Institutions and the Private Sector 
Academic institutions produce and present the latest science on both the impacts of, and 
actions to reduce, climate change damages. They are also leading the way by 


 


 
533 California Legislative Information. Bill Text – AB 32. Air pollution: greenhouse gases: California Global 
Warming Solutions Act of 2006. (AB 32, Nuñez, Chapter 488, Statutes of 2006). 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB32.  
534 California Legislative Information. Bill Text – AB 398. California Global Warming Solutions Act of 2006: 
market-based compliance mechanisms: fire prevention fees: sales and use tax manufacturing exemption. 
(AB 398). https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB398.  
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establishing their own climate goals and GHG emissions reductions targets.535,536, 537 


They are incubators for innovation and knowledge in clean energy and technology and 
play an important role in adding to the wealth of robust information to inform policies and 
programs. Academic institutions have the ability to fill knowledge gaps and push us 
toward new frontiers. As we move forward, we will continue to see these institutions as 
partners and resources that can help CARB look for ways to accelerate and introduce 
actions to reduce GHG emissions and remove and store carbon.  


As such, it will be important to maintain and enhance relationships with academic 
institutions, including community colleges. Community colleges are more likely to have a 
large proportion of first generation students or students that come from low-income 
communities or communities of color. The perspective of this diverse student body will be 
critical to inform discussions on climate change damages and mitigation efforts. This 
student body is also a future workforce, and courses to teach the skills for a sustainable 
economy are a chance to close historical opportunity gaps. Importantly, many of the 
students at community colleges are local residents and community members. This 
engagement provides another way to invest in communities across our state. The 
Foundation for California Community Colleges is already leading the way through 
innovate programs such as their Good Jobs Challenge - California Resilient Careers in 
Forestry.538 These types of programs could be replicated across other sectors. CARB will 
evaluate how to leverage the requirements in AB 680 on workforce development in the 
California Climate Investments programs with the work at the Foundation for California 
Community Colleges.  


As noted in Chapter 1, public and private partnerships will be important as we move 
forward in the great energy transition. But the private sector is also important in the 
context of research and development and deployment. Many of these companies have 
the resources and expertise to build and produce the clean technology and energy we 
will need. It was through the efforts of several private companies (Bell, Exxon, Telecom 


 


 
535 University of California. Our Commitment. https://www.universityofcalifornia.edu/initiative/carbon-
neutrality-initiative/our-commitment.  
536 California State University. Energy, Sustainability, & Transportation. https://www.calstate.edu/csu-
system/doing-business-with-the-csu/capital-planning-design-construction/operations-
center/Pages/energy-sustainability.aspx.  
537 California Community Colleges Chancellor’s Office. Climate Action and Sustainability. 
https://www.cccco.edu/About-Us/Chancellors-Office/Divisions/College-Finance-and-Facilities-
Planning/Facilities-Planning/Climate-Action-and-
Sustainability?msclkid=4a72350ec4f511ecaf292c6b14ac9a4f.  
538 Foundation for California Community Colleges. 2022. Good Jobs Challenge. Developing Resilient 
Careers in Forestry for Californians. https://foundationccc.org/What-We-Do/Workforce-
Development/Good-Jobs-Challenge. 
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Australia) that the photovoltaic solar panels in use today were developed.539 Similarly, it 
was companies such as General Electric and Texas Instruments that contributed to the 
development of hydrogen fuel cells.540 This Scoping Plan includes the known and 
emerging clean technologies and fuels available today. The private sector spirit of 
invention, improvement, and innovation must continue to deliver new tools in the fight 
against climate change.  


Individuals  
This Scoping Plan not only projects ambitious availability of clean technology and energy, 
but also includes aggressive assumptions about consumer adoption of ZEVs, heat 
pumps, and other energy efficiency practices, among others. When it comes to climate 
change mitigation, the sum of the parts matters. Only when we add up the impacts of the 
choices we make do we understand the true impact on GHG emissions. Today, many 
Californians have opportunities to choose between driving a car, taking a bus, biking, or 
walking. Many can choose to install a heat pump or buy an electric cooktop. Together, 
we can increase these opportunities and pick the future we want. We can start or 
transform businesses that create clean jobs, innovate new technologies, or introduce new 
systems. We can engage with fellow workers to support durable paths for labor in a clean 
economy. And we can choose to engage with our community, tribes, and our 
governments to advocate for change, call out challenges, and propose solutions. Our 
choices will help determine California’s climate future. Down one path is a future of climate 
impacts that will continue to worsen and further increase disparities across communities. 
Down the other is a future that avoids the worst impacts of climate change, improves air 
quality—especially for the most burdened communities—and fosters new economic and 
job opportunities to support a sustainable economy.  


Importantly, we must acknowledge that historical decisions have resulted in health and 
opportunity gaps for residents in low-income communities and communities of color. Not 
everyone has the resources or access to make these choices—to buy a ZEV, install a 
heat pump, or use public transit to get to work. It is here that government can help. 
Government, at multiple levels, can fund programs and structure policies to provide 
consumers with more choice and to support them in adopting cleaner technology options. 
Whether through affordable energy rates or assistance in purchasing zero emission 
vehicles and appliances, we can use the transition to a carbon neutral economy as an 
opportunity to close some of these persisting opportunity gaps. By acting now, we can 


 


 
539 Californiasolarcenter.org. Passive Solar History. http://californiasolarcenter.org/old-pages-with-
inbound-links/history-pv/.  
540 Fuel Cell Store. History of Fuel Cells. https://www.fuelcellstore.com/blog-section/history-of-fuel-
cells?msclkid=04a19450c50211ec8d20f2afff4039fe. 
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change our planet’s fate and build a more resilient, healthier, and equitable future for all 
Californians. 
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Chief Executive Officer 
California Independent Petroleum Association 
 
May 31, 2022   
 
(Submitted via the ISOR Comment Submittal Form and by email to cleancars@arb.ca.gov) 
 
Advanced Clean Cars 
California Air Resources Board 
1001 I Street, 
Sacramento, CA 95814 
 


Re:  Comments on Advanced Clean Cars II 
 Regulation Initial Statement of Reasons (ISOR) Documents  
The Western States Petroleum Association (WSPA), the American Fuel & Petrochemical 
Manufacturers (AFPM), and the California Independent Petroleum Association (CIPA) 
(collectively “the Associations”) appreciate the opportunity to comment on the ISOR documents 
released by the California Air Resources Board (CARB) for the proposed Advanced Clean Cars 
II (ACC II) Regulation. WSPA is a non-profit trade association that represents companies that 
explore for, produce, refine, transport and market petroleum, petroleum products, natural gas, 
and other energy supplies in California and four other western states. It has been an active 
participant in air quality planning issues for over 30 years. AFPM is a national trade association 
representing nearly all U.S. refining and petrochemical manufacturing capacity. AFPM 
members support more than three million quality jobs, contribute to our economic and national 
security, and enable the production of thousands of vital products used by families and 
businesses throughout the U.S. AFPM members are also leaders in producing lower carbon 
fuels, such as renewable diesel and sustainable aviation fuel. The California Independent 
Petroleum Association (CIPA) represents 300 oil and gas producers, service and supply 
companies, and royalty owners who operate in California. CIPA’s members proudly employ 
thousands of highly trained and well-paid California residents who safely and responsibly 
operate critical energy infrastructure under the world’s most stringent public health and 
environmental standards. CIPA’s natural gas producer-members deliver the energy necessary 
to power our homes and businesses, fuel our transportation, power our healthcare services and 
create thousands of products that shape our modern lives.  


Our members form the backbone of California’s economy, providing jobs, fueling air, road, and 
marine transport, and supplying necessary energy to the manufacturing and agriculture sectors. 
Our industry generates more than $152 billion in total economic output, and make significant 



mailto:cleancars@arb.ca.gov
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fiscal contributions to California’s state and local governments, including more than $21 billion 
in state and local tax revenues, $11 billion in sales taxes, $7 billion in property taxes, and 
$1 billion in income taxes. 


While the economic impact numbers are compelling, our industry’s greatest asset and 
contribution to the state’s economy are the more than 360,000 hard-working women and men 
with careers providing affordable, reliable energy in California. We produce 42 million gallons of 
gasoline and 10 million gallons a day of diesel to support the State’s 35 million registered 
vehicles. All these contributions to the state occur while our members continue to lower the 
carbon intensity of their fuels consistent with the low carbon fuel standard (LCFS) program and 
spur investment in emission reduction technologies and renewable fuels. In fact, 82 percent of 
recently announced investments in renewable diesel were made by AFPM members, including 
several projects in California. 


The Associations believe that Californians should have the freedom to choose the type of 
vehicle technology that best fits their personal needs based on purpose, affordability, 
availability, and lifestyle choices. Battery electric vehicles (BEV) currently are and will likely 
continue to make up a growing portion of the Light Duty Vehicle (LDV) fleet in California. 
However, the Associations have significant concerns regarding the ISOR and the current ACC 
II proposal. The Executive Order N-79-201 set a goal for the State that 100 percent of in-state 
sales of new passenger cars and trucks will be zero-emission by 2035 to the extent 
consistent with State and federal law. The current proposal is not consistent with the 
Executive Order (See Comment A.3 and A.4 in Attachment A). The Executive Order also 
acknowledged that without coordinated action by multiple other agencies to mitigate their 
impacts, implementing these targets will have profound negative consequences for low-income 
and working-class Californians. These impacts have not been fully identified, nor have they 
been mitigated. The proposed sales mandate conflicts with the purpose and scope of the 
statutes that authorize the mobile source regulations and govern the rulemaking process. 


A summary of our key comments on the ACC II proposal is provided below with additional 
details in Attachment A (Legal Comments) and Attachment B (Technical Comments): 


1. CARB must set a technology neutral performance-based standard rather than the 
Zero Emission Vehicle (ZEV) mandate that is currently proposed in the ACC II 
regulation. This performance standard must consider the life cycle emissions of 
vehicles and fuels to ensure that sufficient greenhouse gas (GHG) emissions 
reductions are achieved by this sector.   


Under Government Code Section 11346.2(b)(4)(A), when CARB proposes a regulation that 
would mandate the use of specific technologies or equipment, or prescribe specific actions or 
procedures, it must consider performance standards as an alternative (See Comment A.4 in 
Attachment A for further details). The Proposed ACC II Regulation is presented as a 
performance standard by CARB. CARB argues in the ISOR at page 180 that no specific 
technology is mandated, contradicting the draft regulation that proposes a ZEV sales mandate 


 
1 Executive Order N-79-20. Available at: https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-


EO-N-79-20-Climate.pdf. Accessed: May 2022. 



https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
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for passenger cars and light-duty trucks beginning at 35% for 2026 model year and ramping up 
to 100% for the 2035 model year and beyond. This is not a performance standard; it is a 
technology mandate.  


Despite multiple comments by many stakeholders, including the Associations, over the last two 
years, CARB has explicitly included ZEV technology mandates in its ACC II and Advanced 
Clean Fleets (ACF) proposals, without the necessary analyses to justify the choice of a sales 
mandate over a performance-based standard. CARB has even failed to analyze the full 
environmental effects of such a sales mandate under the proposed ACC II regulation. 


To provide some of this analysis, WSPA contracted with Ramboll to produce a technology 
neutral study of Light Duty Automobiles (LDA) to analyze the full life cycle GHG emissions of a 
broad range of alternative technologies and fuels (“Ramboll LDA Study”). This study attached 
as Attachment C conclusively shows that performance standards could be an alternative to a 
ZEV mandate (See Comment B.2 in Attachment B for further details).  


The Ramboll LDA Study shows that a gradual transition to low carbon intensity (CI) gasoline 
with current vehicle technologies (represented by the purple line in Figure 1) could achieve 
similar life cycle GHG emissions as the current ACC II proposal (represented by the pink 
shaded region in Figure 1). Importantly, GHG emissions associated with zero emission vehicles 
are not zero. In fact, the GHG emissions from producing battery electric vehicles (BEVs) (the 
“vehicle cycle”) is significantly higher than other vehicle technology types (see Comment 3 for 
additional details). The failure to analyze these real world GHG emissions is significant and 
distorts the claimed benefits attributed to these vehicles.   


Other technologies also achieve similar or lower emissions on a life cycle basis compared to the 
ACC II proposal. These include hybrid electric vehicles (HEVs) coupled with low-CI fuel 
(represented by the blue solid line), plug-in electric hybrid vehicles (PHEVs) coupled with low-CI 
fuels (represented by the blue dotted line), and a combination of HEVs, PHEVs, and BEVs with 
low-CI fuels (represented by the green dotted line). 
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Figure 1: Life Cycle Emissions for Key Scenarios in the Ramboll LDA Study  
California Light Duty Automobile Fleet (2026 to 2050) 


 


CARB is therefore required to conduct these studies and consider these performance 
standards as an alternative to the ACC II ZEV mandate, where the alternatives better meet the 
other Administrative Procedures Act (APA), Office of Administrative Law (OAL) regulations and 
Health & Safety Code (HSC) requirements. CARB should not move forward with the ACC II 
ZEV mandate as it is currently proposed but instead should draft a technology-neutral 
performance-based standard based on the life cycle emissions of LDVs. 


2. The ACC II proposal is contrary to Executive Order N-79-20 because it is not 
consistent with State law. The proposal continues to have severe deficiencies and 
omissions in the analysis that are contrary to APA and the HSC Code requirements.  


There are numerous deficiencies and/or omissions in the required analyses, including but not 
limited to those below, that must be addressed before CARB takes action on the proposed ACC 
II mandates. 


• Inadequate Demonstration of Achievability: CARB must perform a complete and sufficient 
assessment of the technological feasibility of the ACC II ZEV mandates including but not 
limited to the assessment of mineral resource availability, impacts to the California electric 
grid, application of ZEVs to long-distance use cases. CARB must also consider consumer 
behavior and acceptance rates for ZEV, which is critical to evaluating achievability of the 
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ACC II proposal. See Comment A.2 in Attachment A and Comments B.4, B.5, B.10, B.11, 
and B.12 in Attachment B. 


• Incomplete Cost Assessment: CARB must perform a complete and sufficient assessment of 
the economic impacts of the ACC II mandates to fully assess the impact on California’s 
economy. This assessment should account for the costs associated with upgrades to the 
California grid infrastructure (new and upgraded generation, transmission, and distribution) 
and the costs associated with the installation of public and workplace EV chargers. It should 
also evaluate impacts on electricity, gasoline, and diesel rates. See Comment A.1 in 
Attachment A and Comments B.6 and B.7 in Attachment B for further details. 


• Inadequate Environmental Assessment: CARB has not fully or adequately assessed the 
impacts of the proposed ACC II regulation on GHG emissions, the California electric grid, 
liquid fuels supply chain, critical mineral supply chain, vehicle manufacturing facilities, public 
services, utilities, and service systems. See Comment A.6 in Attachment A, and 
Comments B.3, B.4, B.5, B.8, B.9, B.13, B.14, and B.15 in Attachment B. 


• Inadequate Alternatives Analyses: CARB has not fully or adequately evaluated or analyzed 
a technology neutral performance-based standard that would all low-carbon fuel and engine 
technologies to compete with ZEVs in their alternative analyses presented in the 
Environmental Assessment (EA) and the Standardized Regulatory Impact Assessment 
(SRIA) for the proposed ACC II. See Comment A.6 in Attachment A and Comments B.1 
and B.2 in Attachment B for further details. 


3. CARB must incorporate life cycle emissions from ZEV in evaluating the proposed 
ACC II regulation. 


CARB has failed to analyze the full life cycle impacts of ZEVs, which precludes a true 
technology-neutral comparison and overestimates ACC II GHG reductions. Figure 2 shows the 
limited scope of the ACC II GHG analysis (see Comment B.3 in Attachment B for further 
details). 


CARB has not quantified vehicle cycle emissions2 in the ACC II ISOR. They must be included 
due to the large differences in these emissions between ZEVs and internal combustion engine 
vehicles (ICEVs). As shown in Figure 3 below, the Ramboll LDA Study found that the vehicle 
cycle emissions for a model year 2026 BEV could be ~167% higher than an ICEV. 


 
2 Emissions associated with vehicle material recovery and production, vehicle component fabrication, 


vehicle assembly, and vehicle disposal/recycling. 
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Figure 2. CARB ACC II Emissions Assessment Scope3 


 


Figure 3: Vehicle Cycle GHG Emission Factors for Different Vehicle Technologies 


 


CARB has performed no life cycle emissions analysis for ZEVs and thereby failed to adequately 
meet the requirements of HSC Sections 43018.5 and 57005 (see Comment A.1.3 in 


 
3 GREET Model Home Page. Available at: https://greet.es.anl.gov/. Accessed: May 2022. Checkmark 


and X annotations by Ramboll on behalf of the Associations. 
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Attachment A for further details). Highly efficient low emission vehicles, which impose 
significantly fewer infrastructure expenses, will achieve substantial GHG emissions reductions 
on a faster timeline. 


CARB must, therefore, update its emission analysis to include the full life cycle of the 
vehicle/fuel technologies included in the ACC II proposal, to understand and present the actual 
implications of the regulation for public review and comment, as required by law.  


4. CARB must add provisions to the regulation, including periodic program reviews and 
program adjustments, to ensure cost containment.  


CARB must also modify the ZEV mandate to include cost containment measures to protect 
California’s economy. CARB includes cost containment measures in its other regulations, 
including its LCFS and GHG Cap-and-Trade programs. These measures should include:  


• Annual CARB reviews and reports to the legislature of ZEV market conditions, barriers to 
ZEV deployment and cost to consumers, including 


− Manufacturing constraints resulting from limited critical mineral resources (see 
Comment A.2 in Attachment A and Comment B.13 in Attachment B) 


− Lack of affordability for purchase and use ZEVs (see Comment A.1.2 in Attachment A 
and Comments B.9 and B.10 in Attachment B) 


− Insufficient charging infrastructure, particularly in rural areas (see Comment A.1.2 in 
Attachment A) 


− Lower sales rates due to reluctant customer adoption (see Comment B.12 in 
Attachment B)  


− Cost of electricity (see Comment A.1.2. in Attachment A)   


• Required adjustments to the program based on the review findings. 


Conclusion 


CARB must conduct a meaningful public notice and comment process for its complex ACC II 
ZEV mandate. There are significant technical, economic, and legal facts and analysis that 
CARB has ignored in its process, in violation of the law. CARB should address these process 
and analysis deficiencies by conducting technical working groups to foster stakeholder 
participation in scenario development and assessment. It should workshop revised ACC II 
language before submitting it to its Board for consideration.  


Multi-technology pathways can help the state achieve faster and more certain emission 
reductions while expanding ways to reduce greenhouse gas emissions, to comply with the 
requirements of Government Code Section 11346.2(b)(4)(A). CARB should evaluate and 
propose performance standards as an alternative to the proposed ACC II ZEV mandate.  
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Thank you for the consideration of our comments. The Associations would welcome the 
opportunity to discuss these comments and recommendations in more detail with you. Please 
feel free to contact us at tderivi@wspa.org, jverburg@wspa.org, sellinghouse@wspa.org,  
DThoren@afpm.org, and rock@cipa.org with any questions or concerns. 


Sincerely, 


   


Tanya DeRivi Don Thoren Rock Zierman 
Vice President  Vice President Chief Executive Officer 
Climate Policy State & Local Outreach                              


   
cc: Joshua Cunningham – Branch Chief, Transportation Systems Regulations and Technology 


Branch – California Air Resources Board 
 Jim Verburg – Director, Fuels – Western States Petroleum Association 
 Sofie Ellinghouse – Vice President, General Counsel and Corporate Secretary – Western 
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Comments 


CARB’s ACC II ZEV mandate centers around achieving 100% zero emission vehicle (ZEV) or 
plug-in hybrid electric vehicle (PHEV) sales in California by model year 2035. This 
unprecedented mandate is not supported by a demonstration of its technological and economic 
feasibility. Yet, these unsupported mandates necessitate the complete electrification of the 
transportation sector, forcing the phase-out of oil and gas production and refinery industries. 
CARB lacks authority to promulgate sweeping regulations that would exchange our existing 
transportation system for another, with unintended and far-reaching consequences across a 
broad range of environmental, economic, and social issues.  First and foremost, the ACC II 
Program is preempted by federal law and is impermissible under the California Constitution. 
Even if allowed, legislative delegation has its limits— if CARB wishes to push past these limits, 
it must return to the legislature for additional authorizations. Further, even if the legislature 
delegated transformative regulatory authority to CARB (which it did not), CARB has failed to 
meet the express statutory requirements for exercising such authority.  Indeed, if CARB 
evaluated all the economic, technical, and environmental impacts required by statute, CARB 
could not reasonably finalize the ACC II Program.  


 CARB must perform a complete and sufficient assessment of economic impacts 
resulting from its ZEV targets. 


CARB must perform a complete and sufficient assessment of economic impacts resulting from 
rapid electrification of the transportation sector. The provisions of the California Administrative 
Procedures Act (APA) and the California Health & Safety Code (HSC), and their implementing 
regulations, that govern CARB’s regulatory authority require CARB to consider the economic 
impacts associated with any rulemaking proposal.  These also require CARB to consider 
potential impacts to California’s workers, businesses, and greater economy.4  CARB claims 
these provisions as authorizing ACC II,5 yet fails to comply with the provisions’ mandates to 
conduct a robust economic analysis.  


Specifically, the APA and HSC, and implementing regulations require CARB to assess: 


• HSC §§ 43101, 43018.5 and APA § 11346.3 – Impacts to the state’s economy, including 
specific evaluation of the following: 


− The creation of jobs within the state; 


− The creation of new businesses or the elimination of existing businesses within the state; 


− The expansion of businesses currently doing business within the state; 


− The ability of businesses in the state to compete with businesses in other states; 


− The ability of the state to maintain and attract businesses in communities with the most 
significant exposure to air contaminants, localized air contaminants, or both, including, 


 
4 See John R. Lawson Rock & Oil, Inc. v. State Air Res. Bd., 20 Cal. App. 5th 77, 114 (2018) 


(supporting a “broad reading of the required analysis”). 
5 See ISOR at 11-12, 70, 73, 77, 134, 183. 
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but not limited to, communities with minority populations or low-income populations, or 
both; 


− The automobile workers and affiliated businesses in the state; and 


− The benefits of the regulation to the health and welfare of California residents, worker 
safety, and the state’s environment; 


• HSC § 57005 – Less costly but equally effective alternatives to ACC II; 


• APA § 11346.5(a)(7) – Adverse economic impacts on California business enterprises and 
individuals, including the ability of California businesses to compete with businesses in other 
states; 


• APA § 11346.5(a)(7)(A) – The specific types of businesses that would be affected by the 
proposal; and 


• HSC § 38562(b)(8) – The potential for leakage. 
While the ISOR is a preliminary assessment, it still must take into account fact-based analyses 
based on information and impacts currently known to CARB.6  Importantly, CARB’s analysis 
cannot “ignore evidence of impacts to specific segments of businesses already doing business 
in California.”7  As a recent decision emphasized, “[i]f the Board’s proposed regulatory 
amendments place[s] the state’s thumb on the scale for one group of in-state businesses over 
another, it need[s] to consider that impact.”8 CARB notes in its ISOR that “[t]he Executive 
Officer has made an initial determination that the proposed regulatory action would not have a 
significant statewide adverse economic impact directly affecting businesses, including the 
ability of California businesses to compete with businesses in other state[s], or on 
representative private persons.”9 This conclusion is not supported by CARB’s Standardized 
Regulatory Impact Analysis (SRIA) which overlooks key facts, including significant costs and 
other key impacts stemming from the forced electrification of the transportation sector. 


CARB’s economic analysis is deficient in several respects. First, CARB does not consider any 
competitive impacts to oil and gas production and refinery businesses in the state, nor to any of 
the numerous other businesses related to the petroleum industry (e.g., storage terminals, 
asphalt production, lubricants, and others). In assessing competitive advantage or 
disadvantage in its SRIA, CARB considers only the potential advantage to certain vehicle 
manufacturers as a result of already producing ZEVs.10 This analysis completely overlooks the 
blatant “thumb on the scale” that ACC II will place in favor of the electricity sector as compared 
to oil and gas producers and refineries by forcing electrification of the transportation sector. 


 
6 See California Ass’n of Med. Prods. Suppliers v. Maxwell-Jolly, 199 Cal. App. 4th 286, 304–05 


(2011); W. States Petroleum Ass’n v. Bd. of Equalization, 57 Cal. 4th 401, 428 (2013). 
7  John R. Lawson Rock & Oil, Inc. v. State Air Res. Bd., 20 Cal. App. 5th 77, 115 (2018). 
8 Id. 
9 ISOR at 172. 
10 CARB, Standardized Regulatory Impact Assessment (SRIA), at 129 (Jan. 26, 2022). Available at: 


https://dof.ca.gov/wp-content/uploads/Forecasting/Economics/Documents/ACCII-SRIA.pdf. 
Accessed: May 2022. 
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This analysis also overlooks potential competitive disadvantages to California businesses as 
compared to businesses in other states.11  


Second, CARB fails to consider the leakage potential of its ZEV proposal, based on an 
accurate life cycle analysis of the greenhouse gas (GHG) emissions associated with electric 
vehicles and associated infrastructure, as well as residual demand for liquid fuels for internal 
combustion engine vehicles (ICEV) remaining in 2035 and beyond. CARB has a responsibility 
to minimize the “leakage” potential of any regulatory activities.12  As part of this responsibility, 
CARB must analyze the potential for emissions reduction activities in the state to be offset by 
an equivalent or greater increase in GHG emissions outside the state. This analysis necessarily 
requires estimating emissions impacts outside the state, including how higher in-state power 
sector costs would drive greater economic investment outside of California, potentially resulting 
in increased emissions outside of the state, which CARB has failed to do. CARB acknowledges 
in its ISOR that “ICEVs will remain in use on California’s roads well beyond 2035,”13 but fails to 
account for the possibility that competitive disadvantages to California oil and gas production 
and refinery businesses will either drive these businesses out of state or force these 
businesses to shut down, requiring California to import petroleum or refined petroleum products 
to meet remaining demand.14  Moreover, the loss of public funds by way of gas taxes is not 
factored into the economic analysis and should be. 


Finally, despite CARB’s access to ample information related to the economic impacts of 
electrification and existing strains on California’s grid, CARB failed to address these impacts, 
and instead constrained its analysis to a narrow consideration of direct costs centered around 
vehicle manufacturing and ownership.15 CARB’s SRIA concludes that only vehicle 
manufacturers are directly affected by the proposed ACC II program,16 which fails to account for 
extensive economic impacts stemming from the electrification of the transportation sector, 
discussed in detail below. This assessment is therefore insufficient to fulfill CARB’s legal duty to 
broadly consider economic impacts.  


 
11  For example, businesses would face higher capital investment in vehicles, reduced fleet utilization 


from recharging, and higher utility rates, among other challenges. Certain businesses, particularly 
small businesses in rural areas, would bear disproportionate impacts, as detailed in Capitol Matrix 
Consulting’s analysis at Appendix F. 


12 HSC § 38562(b)(8). 
13 ISOR at 12. 
14  Importantly, refineries are long-cycle investments that require advanced planning—owners and 


operators will make capital decisions in the coming years about investments to serve markets 10 
years from now. Under CARB’s proposed program, refineries operating in California may consider 
this trend toward phase-out and determine that a long-term capital investment is not warranted. If the 
ZEV market does not materialize as anticipated, ACC II may shutter refinery operations needed to 
serve continued demand for liquid fuels based on incompatibility with long-term planning needs for 
these businesses. 


15 See SRIA at 98. 
16 See Major Regulations Standardized Regulatory Impact Assessment Summary, State of California 


Department of Finance (Jan. 21. 2022). Available at: https://dof.ca.gov/wp-
content/uploads/Forecasting/Economics/Documents/Summary-ACCII-SRIA.pdf. Accessed: May 
2022. 



https://dof.ca.gov/wp-content/uploads/Forecasting/Economics/Documents/Summary-ACCII-SRIA.pdf
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 CARB must consider grid reliability impacts from the electrification of the 
transportation sector. 


As part of its evaluation of potential economic impacts to the welfare of California residents and 
in-state businesses, CARB must assess grid reliability impacts stemming from ACC II’s forced 
electrification of the transportation sector.17  


California already faces unresolved grid reliability issues that will be exacerbated by ACC II’s 
ZEV targets and the resulting increases in electricity demand. During a heatwave in August 
2020, nearly half a million Californians lost power. The California Independent System 
Operator’s (CAISO) root cause analysis of these rotating outages identified three major causal 
factors, including: 


• “The climate change-induced extreme heat wave across the western United States resulted 
in demand for electricity exceeding existing electricity resource adequacy (RA) and planning 
targets”; 


• “In transitioning to a reliable, clean, and affordable resource mix, resource planning targets 
have not kept pace to ensure sufficient resources that can be relied upon to meet demand in 
the early evening hours. This made balancing demand and supply more challenging during 
the extreme heat wave;” 


• “Some practices in the day-ahead energy market exacerbated the supply challenges under 
highly stressed conditions.”18 


Recent studies reflect that factors affecting grid reliability are predicted to increase in future 
years. For example, a recent report by the California Legislative Analyst’s Office indicates that 
California is expected to experience higher average temperatures; more frequent, intense, and 
prolonged heatwaves; and a greater number of extreme heat days due to climate change.19 As 
these increasingly frequent extreme weather events increase demand for electricity, existing 
supply shortages will also worsen.20 According to CAISO’s 2021 Summer Loads & Resources 
Assessment,21 2021 faced “potential challenges in meeting demand during extreme heat waves 
… [which] affect a substantial portion of the Western Interconnection and cause simultaneously 
high loads across the West … reduc[ing] the availability of imports into the ISO balancing 
authority area.” As recently as July 30, 2021, Governor Gavin Newsom issued an emergency 


 
17    These impacts also have implications for cybersecurity, as discussed at Section A.7. 
18 See CPUC, 2020 Resource Adequacy Report (Apr. 2022). Available at: https://www.cpuc.ca.gov/-


/media/cpuc-website/divisions/energy-division/documents/resource-adequacy-
homepage/2020_ra_report-revised.pdf. Accessed: May 2022. 


19 Legislative Analyst’s Office, Climate Change Impacts Across California (Apr. 5, 2022). Available at: 
https://lao.ca.gov/Publications/Report/4575. Accessed: May 2022. 


20  Governor Newsom recently requested federal funding assistance to facilitate continued operations at 
the Diablo Canyon nuclear power plant in order to help meet existing supply challenges. See Doug 
Alexander, California, Long Leery of Nuclear Power, Joins Bid to Save It, Bloomberg Law (May 25, 
2021). Available at: https://news.bloomberglaw.com/environment-and-energy/california-long-leery-of-
nuclear-power-joins-bid-to-save-it?context=search&index=1. Accessed: May 2022. 


21 CAISO, 2021 Summer Loads and Resources Assessment (May 12, 2021). Available at: 
http://www.caiso.com/Documents/2021-Summer-Loads-and-Resources-Assessment.pdf. Accessed: 
May 2022. 



https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/resource-adequacy-homepage/2020_ra_report-revised.pdf

https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/resource-adequacy-homepage/2020_ra_report-revised.pdf

https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/resource-adequacy-homepage/2020_ra_report-revised.pdf

https://lao.ca.gov/Publications/Report/4575

https://lao.ca.gov/Publications/Report/4575

https://news.bloomberglaw.com/environment-and-energy/california-long-leery-of-nuclear-power-joins-bid-to-save-it?context=search&index=1

https://news.bloomberglaw.com/environment-and-energy/california-long-leery-of-nuclear-power-joins-bid-to-save-it?context=search&index=1

http://www.caiso.com/Documents/2021-Summer-Loads-and-Resources-Assessment.pdf





Advanced Clean Cars 
May 31, 2022 
Page A-5 


 


 


Western States Petroleum Association          1415 L Street, Suite 900, Sacramento, CA 95814          916.498.7750          wspa.org 


proclamation highlighting that California currently faces an energy supply shortage of up to 
3,500 megawatts during the afternoon-evening net-peak period of high-power demand on days 
when there are extreme weather conditions.22,.23 


ACC II and other CARB rulemakings will exacerbate supply challenges by significantly 
increasing demand for electricity in California. According to discussions during a Staff 
Workshop regarding the California Energy Commission’s (CEC) 2022 Integrated Energy Policy 
Report Update, existing regulations are “very modest compared to what is on the near horizon 
and in the future”—increases in state electricity demand are already apparent, and the 
electrification of the transportation sector will increase demand by around 300,000 gigawatt-
hours (GWh) statewide.24 In addition, CARB’s SRIA predicts a 20.23% increase in output for 
electric power generation, transmission, and distribution by 2040.25 


While securing additional generation capacity will mitigate some of these supply challenges, 
overreliance on renewable generation may exacerbate existing shortages, particularly during 
early evening hours. The California Public Utility Commission’s (CPUC) recently adopted 
Integrated Resource Plan for 2018-2020 demonstrates that substantial new resource capacity 
will be required to support accelerated electrification.26 The CPUC’s preferred portfolio for 
electricity generation heavily relies on substantial scale-up of renewable resources that already 
face reliability challenges. 


 
22 Governor Gavin Newsom, Proclamation of a State of Emergency (July 30, 2021), available at: 


https://www.gov.ca.gov/wp-content/uploads/2021/07/Energy-Emergency-Proc-7-30-21.pdf, accessed: 
May 2022. The order noted that ”sufficient resources were not available” through CAISO’s Capacity 
Procurement Mechanism to combat this shortfall, and that the summer of 2022 will also likely see a 
shortfall of up to 5,000 megawatts. To combat these shortfalls, the order called for the California 
Energy Commission to accelerate reviews of proposed natural gas generator projects that are 10 
megawatts or larger, authorized incentive payments of up to $2 per kilowatt-hour reduced for large 
energy users, and eliminated permitting restrictions and air regulations on the use of existing backup 
fossil fuel fired generators. On August 17, 2021, the California Energy Commission approved five 
temporary gas-fueled generators, each with a generation capacity of 30 megawatts, to help address 
continued electricity shortages. Darrell Proctor, California Will Add Gas-Fired Units to Increase Power 
Supply, PowerMag (Aug. 20, 2021), available at: https://www.powermag.com/california-will-add-gas-
fired-units-to-increase-power-supply/, accessed: May 2022.  


23  Further, the North American Electric Reliability Corporation’s (NERC) draft 2022 Summer Reliability 
Assessment determined that extreme weather creates an elevated reliability risk in the western 
United States.  NERC, 2022 Summer Reliability Assessment (May 2022). Available at: 
https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_SRA_2022.pdf. 
Accessed: May 2022. 


24 CEC, Transcript - IEPR Staff Workshop on Demand Scenarios, Electricity Forecast, 22-IEPR-03, TN# 
243031 at 64, 79 (May 12, 2022). Available at: 
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=22-IEPR-03. Accessed: May 2022. 


25  SRIA at 125. 
26 CPUC, Order Instituting Rulemaking to Continue Electric Integrated Resource Planning and Related 


Procurement Processes, Decision No. 22-02-004 (Feb. 10, 2022). Available at: 
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF. Accessed: 
May 2022. 



https://www.gov.ca.gov/wp-content/uploads/2021/07/Energy-Emergency-Proc-7-30-21.pdf

https://www.powermag.com/california-will-add-gas-fired-units-to-increase-power-supply/

https://www.powermag.com/california-will-add-gas-fired-units-to-increase-power-supply/

https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_SRA_2022.pdf

https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=22-IEPR-03

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF
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Figure A-1. New Resource Buildout Based on CPUC’s Preferred Portfolio27 


 


By 2026, when ACC II goes into effect, the CPUC must plan for a new resource buildout of 
28,154 MW, climbing to 43,131 MW by 2032.28 Nearly half of this capacity depends on battery 
storage, for which feasibility has not been demonstrated, and the majority of the remaining 
capacity is supplied by utility-scale solar, which also involves significant feasibility and reliability 
concerns.29 Battery storage at this scale would result in significant additional demand for critical 
minerals, increasing consumer costs for both electricity and electric vehicles. CARB has failed 
to adequately assess these reliability challenges, despite its clear legal duty to do so. 


 CARB must consider economic impacts and burdens to communities, including 
low-income and disadvantaged communities.  


CARB is required to assess any adverse economic impacts on California business enterprises 
and individuals resulting from its proposal.30 Further, under Executive Order N-79-20, CARB 
must ensure that its ZEV regulations “serve all communities and in particular low-income and 
disadvantaged communities.”31 These requirements are written broadly to ensure that CARB 
considers a wide range of both direct and indirect impacts to individuals—this consideration 
must include electricity rate increases. 


First, CARB must consider the impact of electricity rates. CARB acknowledges that by 
increasing the amount of electricity used, this will increase the amount of Utility User Tax 


 
27 Id. at 87. 
28 Id. 
29 See id. 
30  See APA § 11346.5(a)(7); HSC § 43018.5(c)(2)(E), (CARB must consider “[t]he ability of the state to 


maintain and attract businesses in communities with the most significant exposure to air 
contaminants, localized air contaminants, or both, including, but not limited to, communities with 
minority populations or low-income populations, or both.”). 


31 Governor Gavin Newsom, Executive Order N-79-20 (Sep. 23, 2020). Available at: 
https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf. Accessed: 
May 2022. 



https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
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levied.32 However, CARB fails to address the fact that low-income and disadvantaged 
communities spend a disproportionate amount of their income on essential utilities, such as 
electricity.33  In order to facilitate the ACC II targets, significant infrastructure buildout is 
necessary to support the increased electricity demand.  Electrification of transportation sector 
will require an estimated $49 billion dollars.34  Low-income households will bear a 
disproportionate share of these costs.35 


Second, the lack of sufficient charging equipment is significant both as it relates to public and 
home charging.  Both CARB and the CEC acknowledge that sufficient charging infrastructure is 
needed to accommodate the ACC II ZEV targets.36  But CARB fails to consider that residents of 
low-income communities are more dependent on public charging infrastructure, which is more 
expensive and less convenient than home charging. A recent study indicates that home 
charging is often not an option for people living in multi-family housing, who are 
disproportionately low-income,37 because  "[p]ublic charging can be 2-4 times more expensive 
than home charging.”38  


While CARB does acknowledge the need to expand public charging infrastructure into ESJ 
communities, it does not take into consideration the interim consequences of uneven access 
before improvements are made. For example, CARB states that “already, in disadvantaged 
communities in California, used electric vehicles are purchased at higher rates than new 
electric vehicles.”39  As a result, the proposed solution is to increase warranty, durability and 


 
32  See SRIA at 112.  
33 See CPUC, 2019 Annual Affordability Report at 10-11 (Apr. 2021). Available at: 


https://www.cpuc.ca.gov/-/media/cpuc-website/industries-and-topics/reports/2019-annual-
affordability-report.pdf. Accessed: May 2022. 


34 See CPUC, Order Instituting Rulemaking to Continue Electric Integrated Resource Planning and 
Related Procurement Processes, Decision No. 22-02-004 (Feb. 10, 2022), available at: 
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF, accessed: 
May 2022. Further, as discussed in additional detail in the Technical Comments at Appendix B, 
cumulative costs associated with electricity grid infrastructure upgrades could reach $1.55 trillion for 
2026-2050. See Section B.6.  See also CEC, Presentation - Transportation Energy Demand 
Forecast, 21-IEPR-03, TN# 240934 (Dec. 14, 2021). Available at: 
https://www.energy.ca.gov/event/workshop/2020-12/session-1-transportation-energy-demand-
forecast-update-commissioner-workshop. Accessed: May 2022. 


35 CPUC, Draft Environmental & Social Justice Action Plan Version 2.0, at 21 (Mar. 25, 2022). Available 
at: https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M465/K846/465846599.pdf. Accessed: 
May 2022. 


36 CEC, Assembly Bill 2127 Electric Vehicle Charging Infrastructure Assessment Analyzing Charging 
Needs to Support ZEVs in 2030, 19-AB-2127 at ii (Jul. 14, 2021), available at: 
https://www.energy.ca.gov/programs-and-topics/programs/electric-vehicle-charging-infrastructure-
assessment-ab-2127, accessed: May 2022 . As discussed in further detail in the Technical 
Comments at Appendix B, the total cost associated with purchasing and installing these chargers is 
estimated to be between $13 and $24 billion. See Section B.6. 


37  See Scott Hardman, et al., A perspective on equity in the transition to electric vehicle, 2 MIT Sci. & 
Pol. Rev. 46, 49 (Aug. 30, 2021). Available at: https://sciencepolicyreview.org/wp-
content/uploads/securepdfs/2021/08/A_perspective_on_equity_in_the_transition_to_electric_vehicles
.pdf. Accessed: May 2022. 


38  Id. 
39  See ISOR at 21. 



https://www.cpuc.ca.gov/-/media/cpuc-website/industries-and-topics/reports/2019-annual-affordability-report.pdf
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https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF

https://www.energy.ca.gov/event/workshop/2020-12/session-1-transportation-energy-demand-forecast-update-commissioner-workshop

https://www.energy.ca.gov/event/workshop/2020-12/session-1-transportation-energy-demand-forecast-update-commissioner-workshop

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M465/K846/465846599.pdf

https://www.energy.ca.gov/programs-and-topics/programs/electric-vehicle-charging-infrastructure-assessment-ab-2127
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affordability of new ZEVs beginning in model year 2026.40 However, CARB does not address 
the economic impacts to ESJ communities between now and when model year 2026 ZEVs are 
viable as “used.”  


Finally, CARB has not factored the subsidization of electric vehicles into its economic analysis.  
The electric vehicle market is buoyed by state and federal subsidies.  From California this 
includes grants for the purchase of zero-emission buses, grants for the replacement or repower 
of heavy-duty vehicles, and various rebate programs such as the Clean Vehicle Rebate Project 
and the Clean Fuel Reward program,41 and from the federal government this includes a tax 
credit of up to $7,500 for the purchase of a new electric vehicle. 42  Similarly, CARB must 
consider the impact of electric vehicle mandates on all motor vehicles, not just electric vehicles, 
as manufacturers spread unrecouped and compliance costs across their business.43  CARB 
cannot claim to have reasonably considered cost impacts to consumers or accurately evaluated 
electric vehicle purchase prices without adjusting for these subsidies and cross-subsidization. 


Without considering the aforementioned effects, CARB has failed to fully account for substantial 
economic impacts from forced electrification to individuals in general and to vulnerable 
communities in particular.  


 CARB must consider life cycle emissions from Zero Emission Vehicles in 
evaluating the ACC II program. 


Along with impacts to the state’s economy from proposed regulations, CARB is required to 
consider any less costly but equally effective alternatives.44 The ISOR and associated 
rulemaking document do not satisfy this obligation because nowhere does CARB compare the 
life cycle emissions analysis of ZEVs and highly efficient low emission vehicles, which impose 
significantly fewer infrastructure expenses while achieving equivalent or greater GHG 
emissions reductions on a faster timeline. 


As noted by the National Bureau of Economic Research, “…despite being treated by regulators 
as ‘zero emission vehicles’, electric vehicles are not necessarily emissions free.”45 Battery 


 
40  Id. at 153. 
41  See U.S. Dept. Energy, California Laws and Incentives. Available at: 


https://afdc.energy.gov/laws/all?state=CA#State%20Incentives. Accessed: May 2022. 
42  See U.S. Dept. Energy, Federal Tax Credits for New All-Electric and Plug-in Hybrid Vehicles. 


Available at: https://www.fueleconomy.gov/feg/taxevb.shtml. Accessed: May 2022. 
43  The Associations are concerned that ACCII will harm consumers and small businesses that depend 


on affordable comprable internal combustion vehicles—which cost significantly less and are more 
accessible— by driving up the cost of these vehicles.  This cross-subsidization of electric vehicles at 
the expense of non-electric vehicles occurs in two ways. First, driven by the need to sell electric 
vehicles to meet California requirements, motor vehicle manufacturers will attempt to bolster sales by 
decreasing the sales price of electric vehicles and increasing the sales price of internal combustion 
engine vehicles.  Second, manufacturers that do not meet sales mandates likely will spread the cost 
of buying compliance credits across all vehicle models, rather than only increasing the cost of their 
electric vehicles. CARB must consider the impact of ACC II on all new motor vehicles. 


44  See HSC § 57005. 
45 Stephen P. Holland, et al., Environmental Benefits from Driving Electric Vehicles?, Working Paper 


21291, National Bureau of Economic Research. Available at: http://www.nber.org/papers/w21291. 
Accessed: May 2022. 



https://afdc.energy.gov/laws/all?state=CA%23State%20Incentives
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production, transport, and disposal or recycling present emissions and waste impacts46 as well 
as national security concerns.47 Furthermore, as the Ramboll LDA Study observes, “it is likely 
that the vast majority of batteries produced in the future would require virgin material given the 
significant increase in demand under a mass vehicle electrification scenario.”48 


Low-carbon fuels like renewable diesel, ethanol and renewable gasoline should be evaluated 
as an alternative because they are compatible with existing vehicle infrastructure, from light- to 
heavy-duty long-haul vehicles right now. By contrast, electric vehicles require transformation of 
energy production and distribution infrastructure—which will take significant time even in the 
most optimistic scenarios.  This makes low-carbon fuels a commonsense solution to reduce 
transportation GHG emissions near-term, allowing battery, hydrogen, and low-carbon intensity 
gaseous and liquid fueled vehicles to compete to achieve the State’s GHG targets in the 
quickest and most cost-effective manner. For example, a scenario that phases in low-carbon 
intensity gasoline as a drop-in fuel for ICEVs over a two-decade period could reduce GHG 
emissions the same or more than the proposed ZEV-only mandate, when viewed on a life cycle 
basis. Other scenarios involving hybrid electric vehicles and PHEVs could be equally effective 
in providing GHG reductions when coupled with a phase in of low-carbon intensity gasoline.  


Additionally, unlike with electric vehicles, vehicle owners that use drop-in fuels such as 
renewable diesel achieve emission reductions but do not have to face the high up-front cost to 
replace their current vehicles or the costs associated with locating and installing electric vehicle 
charging infrastructure.49  


Accounting for life cycle emissions and short-term emissions reductions is necessary for CARB 
to fulfill its legal duty to conduct a reasonable assessment of the effectiveness of alternatives 
and the significant impacts to the state’s economy of all scenarios. From this perspective, 
including highly efficient low emission vehicles in the ACC II program is both less costly and 
equally effective in meeting CARB’s regulatory goals, and CARB’s failure to consider this 
alternative violates HSC § 57005.  


 CARB must perform a complete and sufficient assessment of the technological 
feasibility of the ACC II ZEV mandates. 


Similar to economic impacts, the APA and HSC mandate that CARB consider the technological 
feasibility of proposed motor vehicle standards. CARB’s interpretation of this requirement is 
overly narrow because it focuses only on whether a manufacturer has the technology to provide 
an electric vehicle. It fails to consider whether manufacturers have the resources (including 


 
46 Perry Gottesfeld, Electric cars have a dirty little recycling problem—batteries, National Observer 


(Jan. 22, 2021). Available at: https://www.nationalobserver.com/2021/01/21/opinion/electric-cars-
have-dirty-little-recycling-problem-their-batteries. Accessed: May 2022. 


47 Eric Onstad, China frictions steer electric automakers away from rare earth magnets, Reuters 
(Jul. 19, 2021). Available at: https://www.reuters.com/business/autos-transportation/china-frictions-
steer-electric-automakers-away-rare-earth-magnets-2021-07-19. Accessed: May 2022.  


48  See Attachment D, Ramboll LDA Study, at 29.  
49  See Attachment D,  “Multi-Technology Pathways To Achieve California’s Greenhouse Gas Goals: 


Light-Duty Auto Case Study” by Ramboll dated May 31, 2022 for further details. 



https://www.nationalobserver.com/2021/01/21/opinion/electric-cars-have-dirty-little-recycling-problem-their-batteries
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critical and rare earth minerals) to shift to rapidly producing electric vehicles and whether there 
is a reliable supply of electricity to fuel them.50 


Specifically, CARB is required to consider: 


• HSC § 39602.5 – ambient air quality standards (“state board shall adopt these measures if 
they are necessary, technologically feasible, and cost effective…”); 


• HSC § 38562 – GHG emissions (“[T]he state board shall adopt greenhouse gas emissions 
limits… to achieve the maximum technologically feasible and cost-effective reductions…”); 


• HSC § 43013 – motor vehicle emission standards (“…which the state board has found to be 
necessary, cost effective, and technologically feasible, to carry out the purposes of this 
division”); 


• HSC § 43101 – new motor vehicle emission standards (“…that the state board finds to be 
necessary and technologically feasible to carry out the purposes of this division. Before 
adopting these standards, the state board shall consider the impact of these standards on 
the economy of the state, including, but not limited to, their effect on motor vehicle fuel 
efficiency.”); 


• HSC § 43018.5 – GHG vehicle emissions (“maximum feasible and cost-effective reduction of 
greenhouse gas emissions from motor vehicles”); 


• HSC § 43018 – NOx emissions (“the state board shall take whatever actions are necessary, 
cost-effective, and technologically feasible in order to achieve… a reduction in the actual 
emissions of reactive organic gases… [and] a reduction in emissions of oxides of nitrogen… 
from motor vehicles”); and 


• HSC § 38560 – GHG emissions (“The state board shall adopt rules and regulations… to 
achieve the maximum technologically feasible and cost-effective greenhouse gas emission 
reductions from sources or categories of sources”). 


As CARB considers the technological feasibility of its proposal, it should further explore whether 
vehicle manufacturers are likely to possess adequate resources to adapt to these stringent 
requirements, especially in light of increasing global supply chain issues and commodity price 
increases associated with battery demand. Currently, CARB plans to set interim requirements 
for the percentage of electric vehicle sales starting in 2026, with this requirement increasing by 
8 percentage points per year for the first 5 years, and then 6 percentage points per year for the 
latter 5 years. This is an unprecedented rate of vehicle technology change that the nation and 
vehicle manufacturers have never experienced before.  


Importantly, the question here is not only whether a vehicle manufacturer has the technology 
(and, inherent in this question, the resources) to produce a single electric vehicle. Rather, 
examining the technological feasibility of electric vehicle mandates must include asking whether 
vehicle manufacturers have the technology and resources to rapidly shift to producing electric 
vehicles—a relatively new technology category that requires different resources than traditional 
vehicles—by the millions, as well as whether there is a reliable supply of electricity to fuel them. 


 
50  Further, as noted above, the significant existing state and federal subsidies for electric vehicles call 


into question whether this technology is mature enough to be considered feasible. 
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First, both the federal government and the private sector have recognized that critical minerals 
are essential to the future of electric vehicles, and likewise, that unstable critical mineral supply 
chains could disrupt this future. According to Rystad Energy, by 2024, global demand for nickel 
(one of the most widely used critical minerals for EV batteries) will have increased from 
2.5 million tons to 3.4 million tons, thereby surpassing supplies.51 Likewise, the International 
Energy Agency has estimated that lithium demand could increase by over 40 times by 2030, 
and cobalt could face similar demand issues.52,53  


The U.S. is disproportionately reliant on international supplies of critical minerals necessary for 
electric vehicle and electric battery production.  Ninety-one percent of the lithium that the United 
States imports is sourced from Chile and Argentina.54 Relatedly, China has disproportionate 
influence compared to other foreign nations that produce cobalt, molybdenum, and other 
minerals needed to produce electric vehicles. For instance, the U.S. Geological Service 
(USGS) reported that domestic primary aluminum production in 2021 (880,000 metric tons) was 
less than half of domestic production in 2013 (1,946,000 metric tons).55  China, however, 
possesses over half of the entire world’s aluminum smelting capacity.56 Seventy percent of the 
world’s supply of cobalt comes from the Democratic Republic of Congo,57 where eight of the 
largest 14 mines are Chinese-owned.58  Similarly, U.S. domestic mining production of cobalt 
has declined (760,000 tons in 2015 compared to 700,000 tons in 2021).59  Secondary cobalt 
production has also declined between 2017 and 2021 (2,750,000 tons to 1,600,000 tons).60  
The United States imports all its graphite and manganese, having no domestic production of 
these minerals. China produces 82 percent of the world’s graphite,61 while Gabon, a less stable 
country, provides 67 percent of the United States’ manganese.62  For any one of these minerals, 
ACC II’s 100% electrification mandate could put the United States into a situation resembling 
the oil embargoes of the 1970s, where foreign actors control majorities of the critical raw 


 
51 David Iaconangelo, Nickel shortage spells trouble for EVs – report, E&E News (Oct. 13, 2021). 


Available at: https://www.eenews.net/articles/nickel-shortage-spells-trouble-for-evs-report/. Accessed: 
May 2022. 


52 Neil Winton, Lithium Shortage May Stall Electric Car Revolution And Embed China’s Lead: Report, 
Forbes (Nov. 14, 2021). Available at: https://www.forbes.com/sites/neilwinton/2021/11/14/lithium-
shortage-may-stall-electric-car-revolution-and-embed-chinas-lead-report/?sh=70d7fed046ef. 
Accessed: May 2022. 


53  U.S. Geological Survey, Mineral Commodity Summaries 2022, at 100 (Jan. 31, 2022), available at: 
https://pubs.usgs.gov/periodicals/mcs2022/mcs2022.pdf, accessed: May 2022, (“2022 Mineral 
Commodities Summaries”). 


54  Id. In addition, 8% of imported lithium is from China and Russia. Id. 
55  Id. at 22;  U.S. Geological Survey, Mineral Commodity Summaries 2018, at 20 (Jan. 31, 2018), 


available at: https://minerals.usgs.gov/minerals/pubs/mcs/2018/mcs2018.pdf, accessed: May 2022, 
(“2018 Mineral Commodities Summaries”). 


56  2022 Mineral Commodieis Summaries at 23. 
57    Id. at 53. 
58  See China Has a Secret Weapon in the Race to Dominate Electric Cars, Bloomberg (Dec. 2, 2018). 


Available at: https://www.bloomberg.com/graphics/2018-china-cobalt/. Accessed: May 2022. 
59  2018 Mineral Commodities Summaries at 50; 2022 Mineral Commodities Summaries at 53.  
60  2022 Mineral Commodities Summary at 52. 
61  Id. at 75. 
62  Id. at 106. 



https://www.eenews.net/articles/nickel-shortage-spells-trouble-for-evs-report/

https://www.forbes.com/sites/neilwinton/2021/11/14/lithium-shortage-may-stall-electric-car-revolution-and-embed-chinas-lead-report/?sh=70d7fed046ef

https://www.forbes.com/sites/neilwinton/2021/11/14/lithium-shortage-may-stall-electric-car-revolution-and-embed-chinas-lead-report/?sh=70d7fed046ef

https://pubs.usgs.gov/periodicals/mcs2022/mcs2022.pdf

https://minerals.usgs.gov/minerals/pubs/mcs/2018/mcs2018.pdf

https://www.bloomberg.com/graphics/2018-china-cobalt/
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material supplies used in the manufacture of fuels, battery, and motor components designed to 
provide transportation mobility services for the U.S. consumer.63 


California’s ACC II mandates risk arbitrarily exacerbating supply chain strains, and CARB does 
not adequately account for how the increasing adoption of electric vehicles will further affect the 
technological feasibility of its proposed mandates. In the Draft Environmental Assessment (EA), 
CARB identifies this problem but does not offer a solution: “In summary, while substantial 
research has been done and there is a clear commitment to increasing domestic supply of 
lithium, exact actions that will be taken in response to this goal of increasing domestic supply of 
lithium are yet to be identified with certainty.”64 


Second, as described in detail above, California already faces unresolved grid reliability issues 
that will be exacerbated by ACC II’s ZEV targets.65 Increases in state electricity demand are 
already apparent, and electrification of the transportation sector will increase demand by 
around 300,000 GWh statewide.66 By 2026, when ACC II would go into effect, California will 
need an additional 28,154 MW, climbing to 43,131 MW by 2032.67 Nearly half of this capacity 
depends on battery storage that has not been demonstrated, and the majority of the remaining 
capacity is supplied by utility-scale solar, which also presents significant feasibility concerns.68 It 
is entirely unreasonable to determine that a vehicle is technologically feasible solely because it 
can be built when it simultaneously cannot reliably operate because it does not have the power 
to do so.  Creating a rapid increase in electricity demand before more renewable energy 
infrastructure is built could increase emissions from traditional energy generating sources and 
offset GHG reductions achieved by ZEVs, an unintended consequence CARB did not consider. 


By failing to account for these issues, CARB not only offers an arbitrary and capricious 
assessment of technological feasibility, but also violates its statutory obligations as set forth in 
the APA and HSC. 


 
63  See Securing America’s Future Energy, The Commanding Heights of Global Transportation,  


https://secureenergy.org/wp-content/uploads/2020/09/The-Commanding-Heights-of-Global-
Transportation.pdf.  


64 See CARB, Appendix E – Draft Environmental Analysis for the Proposed Advanced Cleans Cars II 
Program, 121 (Apr. 12, 2022). Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. Accessed: May 2022. 


65  These reliability challenges are discussed in more detail in the Technical Comments at Appendix B, 
Section B-5. 


66 CEC, Transcript - IEPR Staff Workshop on Demand Scenarios, Electricity Forecast, 22-IEPR-03 at 79 
(May 12, 2022). Available at:  https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=22-
IEPR-03. Accessed: May 2022. 


67 CPUC, Order Instituting Rulemaking to Continue Electric Integrated Resource Planning and Related 
Procurement Processes, Decision No. 22-02-004, at 87 (Feb. 10, 2022). Available at: 
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF. Accessed: 
May 2022. 


68 See id. 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf

https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=22-IEPR-03

https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=22-IEPR-03

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M451/K412/451412947.PDF
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 CARB lacks the legal authority to unilaterally ban entire industries. 


CARB’s ACC II Program centers around achieving 100% ZEV or PHEV sales in California by 
model year 2035. This target necessitates the complete electrification of the transportation 
sector, forcing the phase-out of oil and gas production and refinery industries. CARB’s attempt 
to unilaterally ban entire industries exceeds its delegated authority under California’s 
Constitution. 


The California Supreme Court has held that “[t]he constitutional guaranties of liberty include the 
privilege of every citizen to freely select those tradesmen [he desires to patronize].”69 ACC II will 
intrude on this liberty interest by stripping Californians’ current right to choose ICEVs when it 
bans new ICEV sales and effectively banning infrastructure to support these vehicles by forcing 
the phase-out of related industries in California.  Under the California Constitution, legislation 
that impacts a protected liberty interest must not “be ‘unreasonable, arbitrary or capricious’ 
but... have ‘a real and substantial relation to the object sought to be attained.’”70  


ACC II’s exclusive selection of ZEVs is neither reasonable nor rationally related to California’s 
goal to limit GHG emissions from vehicles. Low-carbon fuels and highly efficient ICEVs can 
achieve the same GHG emissions reductions as ZEVs and on a shorter timeline. Low-carbon 
fuels like renewable diesel, ethanol, and renewable gasoline are compatible with existing 
vehicle infrastructure, from light- to heavy-duty long-haul vehicles. These fuels can immediately 
reduce transportation GHG emissions and are not dependent on an electric vehicle 
infrastructure. Further, when viewed from a life cycle perspective, these fuels achieve similar or 
greater emissions reductions and do not impair liberty interests because Californians will retain 
their current options to choose between ICEVs and electric vehicles. As noted above, GHG 
emissions from a light-duty vehicle that runs on soybean-based renewable diesel has 25% 
fewer life cycle GHG emissions when compared to an EV, and this percentage is even greater 
for a vehicle that runs on waste-oil-based renewable diesel. 


Because eliminating an entire sector of industry is not rationally related to California’s interest in 
limiting GHG emissions, ACC II impermissibly interferes with liberty interests protected under 
the California Constitution. 


 ACC II fails to comply with the APA because it effectively mandates the use of 
specific technologies. 


APA § 11346.2(b)(4)(A) requires CARB to consider performance standards as an alternative 
whenever CARB proposes a regulation that would mandate the use of specific technologies or 
equipment, or prescribe specific actions or procedures.  


ACC II will establish interim requirements for the percentage of EV sales starting in 2026— the 
requirement increases by 8 percentage points per year for the first 5 years, and then 6 
percentage points per year for the latter 5 years, achieving 100% ZEV sales by 2035.71 In its 


 
69 New Method Laundry Co. v. MacCann, 174 Cal. 26, 32 (1916). 
70 Coleman v. Department of Personnel Administration, 52 Cal. 3d 1102, 1125 (1991) (internal citations 


omitted). 
71 See ISOR at 9. 







Advanced Clean Cars 
May 31, 2022 
Page A-14 


 


 


Western States Petroleum Association          1415 L Street, Suite 900, Sacramento, CA 95814          916.498.7750          wspa.org 


ISOR, CARB indicates that its proposed ACC II program is a performance standard because 
“manufacturers can meet this proposed regulation requirements using BEV, PHEV or [fuel cell 
electric vehicle (FCEV)] technologies and with several options for securing ZEV values.”72 
However, CARB also notes that, even if ACC II is considered a prescriptive standard, 
“[a]nything less prescriptive than ACC II in terms of emission limits and requirements for ZEVs 
erodes the proposal’s ability to secure the emissions reductions needed for meeting California’s 
public health and climate goals and State and federal air quality standards.”73 


CARB’s conclusion that ACC II is not a prescriptive standard entirely ignores the prescriptive 
effect of mandating one specific avenue for compliance— ACC II requires a transition to ZEV 
technologies rather than setting minimum emission standards that can be achieved through a 
variety of technologies such as highly efficient ICEVs and low-carbon liquid fuels. Providing 
flexibility to choose among various ZEV technologies does not change CARB’s clear selection 
of one compliance pathway, because this “choice” is itself prescriptive. 


Similarly, CARB’s cursory conclusion that ACC II “would still be preferred over other 
performance-based alternatives” overlooks important near-term emissions reductions 
achievable through low carbon fuels and other technologies.74 CARB asserts that “[l]ess 
prescriptive measures would allow, by omission, additional flexibilities on technology, valuation, 
fleet mixing, and assurance measures that would likely not achieve the same magnitude of 
emissions reductions or support for the ZEV market.”75 However, CARB has not adequately 
analyzed the achievable emissions reductions stemming from such performance standards.  


CARB completely overlooks the significant current and projected reductions in GHG emissions 
associated with the liquid transportation fuel pool that are occurring in response to the LCFS,76 
the federal Renewable Fuel Standard (RFS),77 and interest from shareholders to reduce GHG 
emissions associated with the production of fuels. Production of fuels with lower carbon 
intensity has already resulted in significant reductions in GHG emissions attributable to the 
domestic transportation fuel pool and, due to the continued success of the LCFS and RFS, 
there is significant and increasing private investment in low-carbon fuel technologies that will 
further expand GHG reductions in the transportation economy.78 Further, numerous companies 


 
72 Id. at 181. 
73 Id. 
74 Id.  
75 Id. 
76 See California Air Resources Board, LCFS Workshop CARB Presentation, at 5 (Oct. 14, 2020), 


available at: https://ww2.arb.ca.gov/sites/default/files/2020-10/101420presentation_carb.pdf, 
accessed: May 2022. (“Over 15 million metric tons of GHG reductions in 2019.”)  


77 A study performed by Life Cycle Associates found that “The RFS2 has resulted in significant GHG 
reductions, with cumulative CO2 savings of 980 million metric tonnes over the period of 
implementation to date.” Stefan Unnasch and Debasish Parida, GHG Emissions Reductions due to 
the RFS2 – A 2020 Update (Feb. 11, 2021). Available at: https://ethanolrfa.org/wp-
content/uploads/2021/02/LCA_-_RFS2-GHG-Update_2020.pdf. Accessed: May 2022. 


78  By prescribing specific zero-emission technologies, CARB ignores and frustrates the vast emission 
reductions that could be achieved via continued operation of the LCFS.  Market signals benefitting 
electric vehicle automakers and electric generators only will drive away private investment and 
innovation into alternative zero emission technologies. 



https://ww2.arb.ca.gov/sites/default/files/2020-10/101420presentation_carb.pdf

https://ethanolrfa.org/wp-content/uploads/2021/02/LCA_-_RFS2-GHG-Update_2020.pdf

https://ethanolrfa.org/wp-content/uploads/2021/02/LCA_-_RFS2-GHG-Update_2020.pdf





Advanced Clean Cars 
May 31, 2022 
Page A-15 


 


 


Western States Petroleum Association          1415 L Street, Suite 900, Sacramento, CA 95814          916.498.7750          wspa.org 


involved in both exploration and production of crude oil as well as production of both renewable 
and nonrenewable liquid fuels have begun projects to sequester, capture, or displace carbon, 
further reducing the GHG emissions associated with liquid fuels in the transportation sector.  


Without adequately considering the emissions reductions available from a performance-based 
vehicle emissions standard, CARB has exceeded its regulatory authority under APA 
§ 11346.2(b)(4)(A). 


  ACC II thwarts legislative priorities by undermining wildfire resilience and 
exacerbating impacts to low-income communities. 


The California legislature has made clear that wildfire resilience is a priority for the state. 
Despite this clear legislative priority, CARB’s proposed ACC II program will undermine wildfire 
resilience by forcing electrification of the transportation sector through its ZEV sales mandate, 
which will necessarily require significant build-out of electricity infrastructure, exacerbating 
existing wildfire risks and worsening wildfire impacts. These impacts will disproportionately 
affect low-income and disadvantaged communities.  


In September 2021, Governor Newsom signed SB-456 into law, requiring the Wildfire and 
Forest Resilience Task Force to “develop a comprehensive implementation strategy to track 
and ensure the achievement of the goals and key actions identified in the state’s ‘Wildfire and 
Forest Resilience Action Plan’ issued by the task force in January 2021.”79 The state has also 
dedicated substantial funding to Wildfire and Forest Resilience Early Action,80 as well as fire 
prevention programs and projects targeted towards reducing GHG emissions caused by 
uncontrolled wildfires.81 


Electric utility infrastructure poses a significant wildfire ignition risk that CARB has failed to 
assess, and that ACC II will exacerbate. The December 2020 Utility Wildfire Mitigation Strategy 
and Roadmap emphasized that climate change will amplify utility wildfire risks by increasing 
vegetation contact through invasive species and tree mortality82 and increasing the size, scope, 
and frequency of wildfires, meaning that utilities will “operate in more high-risk areas going 
forward.”83 Utilities are already operating in areas facing extreme or elevated wildfire risk in both 
Northern and Southern California, and these risks “will almost certainly increase” in the future.84  


Apart from ignition risks, overreliance on electrification, as required by ACC II, can amplify 
wildfire risks to electrical transmission and distribution assets throughout the state. Wildfire 
damages are generally very costly to repair—a 2018 CEC Report indicated that “[o]ver the 
2000-2016 period, wildfire damages to the transmission and distribution system in selected 


 
79 Senate Bill No. 456. 
80 Senate Bill No. 85 (Apr. 13, 2021) (amending the 2020-21 Budget Act to provide $536 million in 


funding for various wildfire and forest resilience activities). 
81 Senate Bill No. 155(5) (Sep. 23, 2021) (appropriating $200,000,000 annually from the Greenhouse 


Gas Reduction Fund beginning in the 2022–23 fiscal year through 2028–29 fiscal year). 
82 CUPC, Utility Wildfire Mitigation Strategy and Roadmap for the Wildfire Safety Division, at 18 (Dec. 


2020). Available at: https://energysafety.ca.gov/wp-content/uploads/docs/strategic-
roadmap/final_report_wildfiremitigationstrategy_wsd.pdf. Accessed: May 2022. 


83 Id. at 14. 
84 Id. 



https://energysafety.ca.gov/wp-content/uploads/docs/strategic-roadmap/final_report_wildfiremitigationstrategy_wsd.pdf

https://energysafety.ca.gov/wp-content/uploads/docs/strategic-roadmap/final_report_wildfiremitigationstrategy_wsd.pdf
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areas exceeded $700 million,” although “[t]otal wildfire damages to all sectors of the economy 
were much larger.”85 These damages can also increase generation costs and disrupt customer 
service.86 Future wildfire risk is expected to significantly increase, exacerbating these existing 
challenges.87 The CEC Report estimated that cost impacts of fires in a high-capacity utilization 
scenario would reach $92.6 million in the midcentury period.88 Again, CARB must account for 
these increased costs in assessing the projected impacts of its proposed program. 


CARB itself notes the increasing wildfire risks faced by the state in its ISOR: “California’s 
annual wildfire extent has increased fivefold since the 1970s, and California’s 2020 fire season 
alone shattered records, not only in the total amount of acres burned (at just over 4 million) but 
also in wildfire size, with 5 of the 6 largest wildfires in California history occurring in 2020.”89 
However, CARB fails to account for any wildfire risks stemming from the electrification of the 
transportation sector, concluding that short-term construction-related and long-term operation 
related effects to wildfire would be “less than significant.”90 Instead, CARB considers only 
perceived benefits to wildfire resilience based on the unproven ability to use ZEVs “to provide 
grid services and decentralized backup power for California residents” to mitigate disruptions.91 
Moreover, CARB overlooks the potential hazards faced by communities with an urgent need to 
evacuate from fires who may be stranded if they cannot charge their electric vehicles. CARB’s 
analysis is entirely one-sided, assessing highly attenuated benefits while ignoring demonstrable 
costs based on extensive analyses by other California agencies.  


Low-income communities are disproportionately burdened by wildfire impacts. According to a 
recent study analyzing wildfire impacts from 2010 to 2020, rural communities “sustained three 
times more wildfire on average”-- these communities exhibited significant environmental justice 
indicators, including “higher rates of poverty, unemployment, and vacant housing, as well as 
higher proportions of low-income residents and residents without college degrees.”92  


Likewise, environmental justice communities are most impacted by de-energization events—
according to the CPUC’s report, “[t]hese events have had massive implications for 
[environmental and social justice (ESJ)] communities, particularly low-income people in rural, 


 
85 Larry Dale, et. al, Assessing the Impact of Wildfires on the California Electricity Grid, CCCA4-CEC-


2018-002, at iv (Aug. 2018). Available at: https://www.energy.ca.gov/sites/default/files/2019-
11/Energy_CCCA4-CEC-2018-002_ADA.pdf. Accessed: May 2022. 


86 See id. at 11. The CEC Report indicated that “In one Northern California subregion, over 100 wildfires 
occurred between 2000 and 2016, covering 15-20% of the land area. Of those, 19 fires approached 
within a quarter mile of Paths 25 and 66. Wildfires near transmission paths may force the California 
Independent System Operator (CAISO) to cut power to those paths (line outages).” Id.  


87  In addition, increased dependency on electricity may impact emergency response, increasing 
vulnerability to wildfires and other natural disasters by limiting the availability of fungible fuel sources 
and decreasing variability of energy supply. 


88 Id. at 28. 
89 ISOR at 7 (internal citations omitted). 
90 ISOR at 150. 
91 ISOR at 171. 
92 Shahir Masri, et al., Disproportionate Impacts of Wildfires among Elderly and Low-Income Communities 


in California from 2000-2020, at 16 (Apr. 8, 2021). Available at: 
https://pubmed.ncbi.nlm.nih.gov/33917945/. Accessed: May 2022. 



https://www.energy.ca.gov/sites/default/files/2019-11/Energy_CCCA4-CEC-2018-002_ADA.pdf

https://www.energy.ca.gov/sites/default/files/2019-11/Energy_CCCA4-CEC-2018-002_ADA.pdf

https://pubmed.ncbi.nlm.nih.gov/33917945/
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high fire threat areas including people with access and functional needs.”93  The CPUC’s 2022 
Environmental and Social Justice Action Plan indicates that “electric utilities have used de-
energization strategies more frequently to prevent ignition of wildfires by electric utility 
infrastructure.”94 Among the three largest utilities in California, data shows an average of 14 
outages per year, impacting more than a million customers.95 CARB must account for the 
impact of rapid electrification on wildfire risk and consider the communities that will bear them.  


CARB does not have the authority to contravene express statutory mandates by omission. It 
must consider the potential for ACC II to increase wildfire risk and change course accordingly. 


 CARB does not adequately consider feasible alternatives or the full range of 
environmental impacts. 


CARB’s Draft Environmental Analysis (EA) does not meet requirements under the California 
Environmental Quality Act (CEQA) because it (1) fails to consider low-carbon fuel and engine 
technologies as feasible alternatives and (2) ignores a number of potentially significant 
environmental impacts. 


 The EA must consider low-carbon fuel and engine technologies as alternatives.  


As mentioned, in its Draft EA, CARB has failed to consider further supporting the production of 
low-carbon fuel and engine technologies that can immediately reduce GHG emissions today as 
an alternative alongside, rather than in lieu of, mandating a certain amount of electric 
vehicles.96 The Associations urge CARB to recognize the proven value of using a diversified 
mix of other low-carbon technologies to achieve its GHG reduction goals. At the least, CARB 
should present a robust and scientifically credible alternatives analysis in its Final EA that 
compares the costs and benefits of using all feasible technologies to the costs and benefits of 
mandating 100% electric vehicles. 


According to the Draft EA, the “primary objectives” of the ACC II Program include goals to 
“[m]aintain and continue reductions in emissions of GHGs beyond 2020” and “[c]omplement 
existing programs and plans to ensure, to the extent feasible, that activities undertaken 
pursuant to the measures complement, and do not interfere with, existing planning efforts to 
reduce GHG emissions, criteria pollutants, petroleum-based transportation fuels, and TAC 


 
93 CPUC, DRAFT Environmental & Social Justice Action Plan Version 2.0, at 20 (Mar. 25, 2022). 


Available at: https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M465/K846/465846599.pdf. 
Accessed: May 2022. 


94 CPUC, DRAFT Environmental & Social Justice Action Plan Version 2.0, at 20 (Mar. 25, 2022). 
Available at: https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M465/K846/465846599.pdf. 


95 PSE Blog, Preventing Wildfires with Power Outages: The Growing Impacts of California’s Public 
Safety Power Shutoffs (Mar. 19, 2021). Available at: 
https://www.psehealthyenergy.org/news/blog/preventing-wildfires-with-power-outages-2/#ref. 
Accessed: May 2022. 


96 See CARB, Appendix E – Draft Environmental Analysis for the Proposed Advanced Cleans Cars II 
Program, 182-83 (Apr. 12, 2022). Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. Accessed: May 2022. 



https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M465/K846/465846599.pdf

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M465/K846/465846599.pdf

https://www.psehealthyenergy.org/news/blog/preventing-wildfires-with-power-outages-2/%23ref
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emissions.”97 Low-carbon alternative fuel and engine technologies align with these primary 
objectives, and thus, CARB should consider how these technologies can achieve more 
immediate environmental benefits while mitigating any cost burdens the ACC II Program may 
impose, especially with regard to low-income communities. Indeed, not doing so would conflict 
and “interfere with[] existing planning efforts to reduce GHG emissions [and] criterial pollutants” 
under the LCFS and RFS.98 


In the ACC II rulemaking, CARB is required to consider a reasonable range of alternatives, 
including “alternatives that are proposed as less burdensome and equally effective in achieving 
the purposes of the regulation in a manner that ensures full compliance with the authorizing 
statute or other law being implemented or made specific by the proposed regulation.”99 This 
aligns with the CEQA Guidelines, which also specify that CARB must consider a reasonable 
range of alternatives that “shall include those that could feasibly accomplish most of the basic 
objectives of the project and could avoid or substantially lessen one or more of the significant 
effects.”100 The CEQA Guidelines define “feasible” as “capable of being accomplished in a 
successful manner within a reasonable period of time, taking into account economic, 
environmental, legal, social, and technological factors.”101 Specifically, when considering the 
feasibility of alternatives, the CEQA Guidelines provide the following factors to consider: 
“economic viability, availability of infrastructure, general plan consistency, other plans or 
regulatory limitations, [and] jurisdictional boundaries.”102 


Importantly, CARB is prohibited from predetermining a particular method to narrow the 
alternatives it considers for achieving the agency’s ultimate policy goals. When examining 
whether or not alternatives or particular features have been foreclosed by the agency, courts 
look “to the surrounding circumstances to determine whether, as a practical matter, the agency 
has committed itself to the project as a whole or to any particular features, so as to effectively 
preclude any alternatives or mitigation measures that CEQA would otherwise require to be 
considered.”103 By deeming ZEVs as the only acceptable technologies and hardly considering 
in this rulemaking how other low-carbon technologies could provide important near-term 
reductions in GHG emissions, CARB is effectively predetermining the outcome of this 
proceeding. This predetermined outcome is not only arbitrary and capricious, but is also a 
violation of CARB’s statutory obligations. 


 
97 Id. at 7–8. While CARB is responsible for regulating emissions from transportation fuels, CARB has 


provided no authority for its premise that reducing petroleum-based transportation fuels is a legitimate 
objective for the agency. As noted throughout these comments, carbon capture and other innovative 
technologies offer opportunities for petroleum-derived fuels to achieve carbon reductions equivalent 
to or superior to those offered by ZEVs on a lifecycle basis.  It is arbitrary to seek to reduce the use of 
these fuels categorically without regard to their lifecycle emissions. 


98   Id. at 8. 
99 California Government Code § 11346.2(b)(4)(A) (emphasis). 
100 Cal. Code Regs. tit. 14, § 15126.6(c).  
101 Cal. Code Regs. Tit. 14 § 15364; Bay Area Citizens v. Ass'n of Bay Area Governments, 248 Cal. App. 


4th 966, 1018 (2016).  
102 Cal. Code Regs. tit. 14, § 15126.6(f)(1). 
103 Save Tara v. City of W. Hollywood, 45 Cal. 4th 116, 139 (2008), as modified (Dec. 10, 2008).  
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While increased electric vehicle adoption will be part of the energy mix to achieve California’s 
GHG goals, it is impossible for this strategy alone to solve the issue of transportation 
emissions, especially in the short-term. Electric vehicles are simply too expensive for the 
majority of American families, and significant portions of California’s population will rely on 
vehicles utilizing gasoline and diesel fuel for decades to come. A recent report by the Rhodium 
Group projects that, nationwide, where more than half of light-duty sales are electric by 2030 
and nearly 90% are electric by 2035, 34% of transportation sector GHG emissions will still 
remain in 2050.104 The report concludes that “low-GHG liquid fuels are needed to fill the 
remaining gap and achieve net-zero emissions in the transportation sector by mid-century.”105 


Low-carbon fuels like renewable diesel, ethanol and renewable gasoline are compatible with 
existing vehicle infrastructure. Such fuels are a commonsense solution to immediately reduce 
transportation GHG emissions without waiting for the time and expenses it will take to build out 
EV infrastructure. Additionally, unlike with electric vehicles, vehicle owners that use drop-in 
fuels such as renewable diesel or low carbon intensity gasoline do not have to face the high up-
front cost to replace their current vehicles or the costs associated with locating and installing 
electric vehicle charging infrastructure.106  


 The EA fails to consider potentially significant environmental impacts.  


CEQA requires that the Draft EA and Final EA contain “[a] discussion and consideration of 
environmental impacts, adverse or beneficial, and feasible mitigation measures which could 
minimize significant adverse impacts identified,” as well as “[a] discussion of cumulative and 
growth-inducing impacts.”107 The Draft EA for the Proposed Regulation fails to consider the 
following potentially significant environmental impacts: 


• Regarding aesthetics, the Draft EA does not consider the unpleasing aesthetic of 
businesses that will close as a result of the Proposed Regulation. Because millions of 
businesses depend upon transportation as a factor, the ZEV mandate will likely result in the 
closure of not only gas stations, but many other kinds of businesses as well. This could 
cause many gas stations and buildings within the state to become unoccupied and fall into a 
state of disrepair. 


• CARB does not consider how the Proposed Regulation could cause businesses to relocate 
to other states based on the proposal’s harmful competitive impacts to California industries. 
The act of relocating to another state involves greenhouse gas emissions and other harmful 
pollutants from transportation, as well as the potential construction of new business sites.  
Such transportation and construction could also injure wildlife and impact overburdened 
communities.  


• CARB does not consider how California residents will likely drive to other states to purchase 
more affordable, traditional vehicles, significantly increasing the number of out-of-state 


 
104 Rhodium Group, Closing the Transportation Emissions Gap with Clean Fuels, at 3 (Jan. 15, 2021). 


Available at: https://rhg.com/wp-content/uploads/2021/01/Closing-the-Transportation-Emissions-Gap-
with-Clean-Fuels-1.pdf. Accessed: May 2022.  


105  Id. at 2.  
106  See Attachment D, “Multi-Technology Pathways To Achieve California’s Greenhouse Gas Goals: 


Light-Duty Auto Case Study” by Ramboll dated May 31, 2022 for further details. 
107  Cal. Code Regs. tit.17, § 60004.2(a).  



https://rhg.com/wp-content/uploads/2021/01/Closing-the-Transportation-Emissions-Gap-with-Clean-Fuels-1.pdf

https://rhg.com/wp-content/uploads/2021/01/Closing-the-Transportation-Emissions-Gap-with-Clean-Fuels-1.pdf
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vehicle purchases. This will result in additional greenhouse gas emissions and other harmful 
pollutants, which also pose a threat to wildlife and overburdened communities. 


• CARB does not consider how, because the Proposed Regulation will likely increase vehicle 
costs. As a result, many Californians may choose to keep their cars for longer than they 
otherwise would have, thereby forgoing opportunities to replace their aging vehicles with 
more efficient models. This would also result in additional greenhouse gas emissions and 
criteria pollutants, compared to existing regulatory requirements.  


• CARB does not adequately consider how increased demand on the electric grid due to 
significantly increased ZEV use will require additional increases in electric utility 
construction, which will likely include gas units to make up for the intermittency of renewable 
resources such as wind and solar. The construction of these facilities, as well as the use of 
additional gas facilities to meet demand, will have environmental impacts, including impacts 
on biological resources and increased greenhouse gas emissions and criteria pollutants. 


• CARB does not consider how the negative economic impact of this Proposed Regulation on 
the petroleum industry could result in the abandonment of carbon capture, utilization, and 
storage technology already being developed, thereby increasing greenhouse gas emissions 
by eliminating opportunities to mitigate these emissions. 


• CARB does not consider how requiring ZEVs will necessitate accessible residential charging 
stations, which will drive up the costs of housing in the state and could result in housing 
displacement.  


• CARB does not consider the cumulative effects of the factors mentioned above that could 
result in greenhouse gas emission and other criteria pollutant increases. 


WSPA and AFPM ask that CARB fully consider and provide mitigation measures for these 
factors, as it must do under CEQA. Notably, supporting low-carbon fuels and engine 
technologies could be a potential mitigation measure, as demonstrated by the previous 
subsection.108 


 The ACC II program is preempted by Federal law.  


 ACC II is expressly preempted by the Energy Policy Conservation Act. 


CARB lacks authority to adopt or enforce any regulation "related to" fuel-economy standards 
under the Energy and Policy Conservation Act (EPCA).  While the Clean Air Act grants 
California certain leeway to address localized pollution,  EPCA's broad preemption provision 
prevents CARB from adopting such regulations when they are "related to" fuel economy, 


 
108  The Draft EA demonstrates that the Proposed Regulation will have significant environmental impacts 


that will be important to mitigate.  For example, the document notes that increased lithium mining 
would require expanding existing facilities or constructing new ones in the Salton Sea Area, which “is 
an important feeding grounds for more than 400 species of birds including waterfowl and shorebirds 
during annual migration[,] and several bird species also use the area for breeding (USFWS 2021).”  
Draft EA, at 86.  The Draft EA characterizes the impacts of such mining activities to these hundreds 
of bird species as “potentially significant.”  Id.  Additionally, CARB indicates throughout the Draft EA 
that making electric vehicles will require industrial-scale mining and manufacturing of batteries, which 
may not occur in California and will generate significant emissions.  Likewise, the disposal of spent 
batteries will have concerning environmental impacts, and California’s plan to handle significant 
increases in the disposal of toxic batteries is unclear.        
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regardless of any accompanying localized pollution benefits.  This provision is self-executing, 
meaning that no agency action is necessary for it to be effective—the lack of a National 
Highway Traffic Safety Administration (NHTSA) regulation expressly preempting CARB's 
program does not affect EPCA’s preemptive effect.  This provision also contains no waiver. 


ACC II is clearly related to fuel-economy standards. Courts have found that state regulations 
"relate to" federal matters when they have a "connection with" or contain a "reference to" these 
matters.  CARB's SRIA specifically discusses the fuel savings that would result from this 
rulemaking.  CARB cannot avoid EPCA's preemptive effect by characterizing this rule as an 
environmental regulation despite its clear implications for fuel economy. 


 ACC II conflicts with important federal statutory objectives. 


A critical failing of ACC II is that in its haste to phase-out oil and gas production and refinery 
industries it does not consider the impact to the remainder of our energy system, including on 
biofuels (which will be sharply curtailed) and electricity supply (which will be overburdened). A 
critical failing of ACC II is that in its haste to phase-out oil and gas production and refinery 
industries, CARB did not consider the impact to the remainder of our energy system, as well as 
other essential products such as jet fuel, asphalt, petrochemicals, and lubricants. This willful 
blindness places ACC II on a collision course with multiple Congressionally mandated 
programs expressly designed to have the opposite impact— biofuels (increased and 
increasing) and electric supply (reliable). Because ACC II undermines and conflicts with the 
fulfillment of these Congressional objectives, it is necessarily preempted. 


It is a “well-established principle that the Supremacy Clause, U.S. Const., Art. VI, cl. 2, 
invalidates state laws,” like ACC II, “that interfere with, or are contrary to federal law.”109  Even 
where Congress has not completely displaced state regulation in a specific area, state law is 
nullified to the extent that it actually conflicts with federal law. Such conflicts arise “when 
compliance with both state and federal law is impossible” and “when the state law ‘stands as an 
obstacle to the accomplishment and execution of the full purposes and objectives of 
Congress.’”110 The ACC II program fails on both accounts. 


First, Congress’ intention to increase production, distribution, and use of biofuels is expressed 
in no less than three statutes, which do everything from mandating biofuel blending in liquid fuel 
to incentivizing its production through loans and loan guarantees. Specifically, the ACC II 
Program conflicts with these federal objectives and deprives federal funding programs of value 
by mandating complete electrification of the transportation sector. These programs set aside 
significant funding for the development and use of liquid fuels for transportation, with the 
expectation that these fuels will continue to play an important role in meeting transportation 
energy demand for many years.  


 
109  Hillsborough Cty., Fla. v. Automated Med. Lab'ys, Inc., 471 U.S. 707, 712–13 (1985) (citations 


omitted). 
110  Capital Cities Cable, Inc. v. Crisp, 467 U.S. 691, 699 (1984) (quoting Hines v. Davidowitz, 312 U.S. 


52, 67 (1941)); see also Dowhal v. SmithKline Beecham Consumer Healthcare, 32 Cal. 4th 910, 923, 
929 (2004) (adopting federal construction of preemption issues and finding that “the use of a 
Proposition 65 warning would conflict with [federal] policy” on a theory of conflict preemption). 
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The Energy Policy 
Conservation Act (EPCA) The Federal Power Act 


The Energy 
Independence and 


Security Act of 2007 
(EISA) 


Includes provisions related to the 
integration of alternative fuels111 in 
the transportation sector and 
requires a “reasonable distribution” 
of the burden of any energy-use 
restrictions: 


• 42 U.S.C. § 6374: Requires 
alternative fuel use by light duty 
Federal vehicles  


• 42 U.S.C. § 6391(b): Prohibition 
on “[u]nreasonably 
disproportionate share of 
burden” between segments of 
the business community and 
requires that, “[t]o the maximum 
extent practicable, any 
restriction under authorities to 
which this section applies on 
the use of energy shall be 
designed to be carried out in 
such manner so as to be fair 
and to create a reasonable 
distribution of the burden of 
such restriction on all sectors of 
the economy” 


  


Provides for investment in 
alternative fuels through grant 
programs and loan guarantees: 


• 42 U.S.C. § 16501: 
Commercial byproducts from 
municipal solid waste and 
cellulosic biomass loan 
guarantee program – loans by 
private institutions for the 
construction of facilities for 
the processing and 
conversion of municipal solid 
waste and cellulosic biomass 
into fuel ethanol 


• 42 U.S.C. § 16503: Sugar 
ethanol loan guarantee 
program 


• 42 U.S.C. § 16071: Grant 
program for the acquisition of 
alternative fueled vehicles or 
fuel cell vehicles and the 
installation of related 
infrastructure 


Includes specific provisions 
to increase energy security 
through increased 
production of biofuels: 


• Title 42, Chapter 152, 
Subchapter II: 
Programs for 
investment in biofuel 
research and 
infrastructure, centered 
around “increasing 
energy security,” which 
is of special federal 
concern 


Requires blending of 
increasing volumes of 
biofuel and other renewable 
fuels: 


• 42 U.S.C. § 
7545(o)(2)(B)(ii): 
Establishes 
requirements related to 
determining the 
applicable volume of 
cellulosic biofuel for the 
calendar years 2023 
and later, based on 
considerations such as 
available infrastructure, 
consumer costs, and 
energy security 


 


By contrast, ACC II would eliminate any role for these alternative fuels in California by requiring 
100% ZEVs and PHEVs by 2035, removing a substantial portion of the demand for these fuels 
and depriving federal investments of significant value. This deprivation is made worse by the 


 
111  While EPCA recognizes electricity within its definition of alternative fuels, it is one of a multitude of 


alternatives in the Act that provide for a diverse energy base preserving flexibility and security. 
Overreliance on electricity does not reasonably distribute the burden of energy-use restrictions as 
required by the Act. 
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potential—indeed California’s expectation112—that other states may adopt California’s engine 
and motor vehicle emission standards under Section 177 of the Clean Air Act, 42 U.S.C. § 7507 
and the potential that manufacturers are unlikely to produce two separate fleets (177 states vs. 
the rest of the country).113  


Further, ACC II expressly contradicts EPCA’s requirement that any burdens stemming from 
energy-use restrictions be reasonably distributed across all industry sectors, instead placing the 
entirety of the burden of these restrictions on the oil and gas production and refinery sector of 
California’s economy. 


Second, federal policy explicitly supports “the modernization of the Nation’s electricity 
transmission and distribution system to maintain a reliable and secure electricity infrastructure 
that can meet future demand growth.” 42 U.S.C. § 17381. The ACC II program conflicts with 
this policy by introducing material security and reliability risks to California’s electricity grid. 


The rapid electrification of the transportation sector will both substantially increase electricity 
demand in California and increase dependence on electricity services, amplifying the risk that 
the grid will be targeted for either physical or cyber-attacks. A 2021 Government Accountability 
Office Report found that “[t]he grid’s distribution systems face significant cybersecurity risks—
that is, threats, vulnerabilities, and impacts—and are increasingly vulnerable to 
cyberattacks.”114 According to the report, these risks “are compounded for distribution systems 
because the sheer size and dispersed nature of the systems present a large attack surface.”115 
As demand increases due to accelerated electrification, grid security will pose a greater 
challenge due to additional resource buildout. Further, the report found that increased use of 
networked consumer devices that are connected to the grid’s distribution systems—including 
electric vehicles and charging stations—also potentially introduce vulnerabilities because 
“distribution utilities have limited visibility and influence on the use and cybersecurity of these 
devices.”116 ACC II’s proposed ZEV regulation will therefore introduce new vulnerabilities to the 
nation’s distribution system by significantly increasing the use of consumer devices. 


In addition, the increased demand for electricity under CARB’s proposed ACC II program will 
worsen existing instabilities in California’s grid, compromising grid reliability in direct 
contravention of federal policy. During a heatwave in August 2020, nearly half a million 
Californians lost power. As recently as July 30, 2021, Governor Gavin Newsom issued an 
emergency proclamation highlighting that California currently faces an energy supply shortage 
of up to 3,500 megawatts during the afternoon-evening net-peak period of high-power demand 


 
114 Gov’t Accountability Office, Electricity Grid Cybersecurity: DOE Needs to Ensure Its Plans Fully 


Address Risks to Distribution Systems, GAO-21-81, at 11 (Mar. 2021). Available at: 
https://www.gao.gov/assets/gao-21-81.pdf. Accessed: May 2022. 


114 Gov’t Accountability Office, Electricity Grid Cybersecurity: DOE Needs to Ensure Its Plans Fully 
Address Risks to Distribution Systems, GAO-21-81, at 11 (Mar. 2021). Available at: 
https://www.gao.gov/assets/gao-21-81.pdf. Accessed: May 2022. 


114 Gov’t Accountability Office, Electricity Grid Cybersecurity: DOE Needs to Ensure Its Plans Fully 
Address Risks to Distribution Systems, GAO-21-81, at 11 (Mar. 2021). Available at: 
https://www.gao.gov/assets/gao-21-81.pdf. Accessed: May 2022. 


115 Id. 
116 Id. at 18. 



https://www.gao.gov/assets/gao-21-81.pdf

https://www.gao.gov/assets/gao-21-81.pdf

https://www.gao.gov/assets/gao-21-81.pdf
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on days when there are extreme weather conditions.117 ACC II will increase demand despite 
existing shortfalls, undermining federal requirements targeting increased grid reliability. 


Because CARB’s proposed ACC II program conflicts with and presents an obstacle to clearly-
stated federal objectives, CARB lacks the authority to promulgate these regulations—and 
indeed is preempted from doing so. 


  CARB ban on ICEVs constitutes a regulatory taking. 


CARB’s plan to eventually phase out the sales of all ICEVs constitutes a regulatory taking.118 A 
regulatory taking occurs when a policy “substantially interferes with the ability of a property 
owner to make economically viable use of, derive income from, or satisfy reasonable, 
investment-backed profit expectations with respect to the property.” Jefferson St. Ventures, LLC 
v. City of Indio, 236 Cal. App. 4th 1175, 1193–94.   


The Associations’ members have invested substantial amounts of money in making their oil 
facilities safe and productive, and therefore, have significant investment-backed expectations 
with respect to their properties, at least some of which may be forced to close as a result of 
CARB’s electric vehicle mandate. California landowners also would be harmed. Landowners 
across the state receive royalties from renting their land to companies. Policies that shut down 
oil facilities would prevent companies and California landowners from realizing these 
investment-backed expectations. Thus, such policies would constitute a regulatory taking based 
on their substantial interference with these expectations, and the state would be obligated to 
provide just compensation for companies’ and landowners’ losses. 


Therefore, as CARB considers the potential costs of policies that would shut down oil facilities, 
it should—at a minimum—account for the estimated costs of just compensation for the loss of 
property use and investment-backed expectations that would inevitably result


 
117 Governor Gavin Newsom, Proclamation of a State of Emergency (July 30, 2021). Available at: 


https://www.gov.ca.gov/wp-content/uploads/2021/07/Energy-Emergency-Proc-7-30-21.pdf. Accessed: 
May 2022. 


118  See Cal. Const. art. I, § 19; U.S. Const. 5th Amend.   



https://www.gov.ca.gov/wp-content/uploads/2021/07/Energy-Emergency-Proc-7-30-21.pdf
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B.1 CARB must set a technology neutral performance-based standard rather than the 
ZEV mandate that is currently proposed under the ACC II regulation. 


Despite multiple comments by WSPA and other stakeholders over the last two years, CARB 
has explicitly insisted on the ZEV technology mandate in its ACC II proposal. It has failed to 
justify this mandate or make an argument that only the mandate can achieve the State’s GHG 
or criteria pollutant goals. It also failed to analyze the full life cycle impacts of ZEVs, which 
precludes a true technology neutral comparison and overestimated ACC II GHG reductions 
(refer to Comment B.3 below for further details). 


WSPA contracted with Ramboll to produce the type of technology neutral study of LDVs that 
analyzes the full life cycle119 GHG emissions of each technology/fuel (“Ramboll LDA Study”) for 
the statewide light duty automobile fleet. This study (included in Attachment D) conclusively 
shows that performance standards could be an alternative to a ZEV mandate.  


Figure B-1: Life Cycle Emissions for Key Scenarios 


 


The Ramboll LDA Study shows that a gradual transition to low-CI gasoline (represented by the 
purple line in Figure B-1) with current vehicle technologies could achieve similar life cycle GHG 
emissions as the current ACC II proposal (represented by the pink shaded region in Figure B-
1). The reason for this is that GHG emissions associated with zero emission vehicles are not 


 
119 Emissions associated with vehicle material recovery and production, vehicle component fabrication, 


vehicle assembly, and vehicle disposal/recycling. 
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zero. The GHG emissions for the “vehicle cycle” for BEVs is significantly higher than other 
vehicle technology types (see Comment B.3 for additional details). 


CARB must consider alternatives such as low-CI fuels because there is not a one-size-fits-all 
solution to reducing transportation sector GHG emissions, and it allows for more flexibility in the 
transition towards lowering transportation GHG emissions in the short and long-term. Other 
technologies also realize similar or lower emissions on a life cycle basis compared to the ACC 
II proposal. These include hybrid electric vehicles (HEVs) coupled with low-CI fuel (represented 
by blue solid line in Figure B-1), plug-in electric hybrid vehicles (PHEVs) coupled with low-CI 
fuels (represented by the blue dotted line in Figure B-1), and a combination of HEVs, PHEVs, 
and BEVs with low-CI fuels (represented by the green solid and dotted lines). These alternative 
pathways would also not require the wholesale transformation of electric energy production and 
distribution infrastructure on an unprecedented short time scale, but they would allow battery, 
hydrogen, and low-carbon intensity gaseous and liquid fuelled vehicles to compete to achieve 
the State’s GHG targets for light-duty transportation in the quickest and most cost-effective 
manner. 


CARB could craft a regulation based on a GHG-reducing performance standard such as the 
LCFS instead of a ZEV sales mandate, which would be more consistent with traditional 
regulations that rely upon innovation within existing marketplaces. The Ramboll LDA Study 
shows that such an approach could dramatically reduce GHG emissions without the systemic 
cost and delay risks associated with the current ZEV-centric strategy that include, but are not 
limited to, electric generation/infrastructure development, zero emission technology 
readiness/feasibility, and cost. 


B.2 The justification for not including an alternative analysis for “Low-Carbon Fuel 
Technology in lieu of ZEV Requirements” due to the inability to enforce low-carbon 
fueling is contradicted by the mechanisms included in the current Low Carbon Fuel 
Standard (LCFS).  


While CARB states that they considered a low-carbon fuel technology alternative to the 
proposed ACC II, they rejected this alternative without analysis by claiming that this type of 
performance-based regulation would not be “verifiable or enforceable”.120 The conclusion 
appears without foundation given that CARB presently administers the LCFS program, which 
contains established mechanisms for verification and enforcement for such a performance-
based alternative. CARB acknowledges that a low-carbon fuel technology alternative may 
reduce GHG emissions in the near to mid-term but fails to perform an environmental or benefit-
cost analyses as required by the California Environmental Quality Act (CEQA), to assist with 
the process of identifying the environmentally superior alternative.  


California has led the nation in the use of lower-CI fuels through its LCFS regulation, which 
relies on market-based mechanisms that deliver sustainable GHG emission reductions without 
a technology-based mandate. Further, the LCFS is poised to drive further reductions in carbon 


 
120 Draft Environmental Analysis (EA) for the Proposed ACC II Program. Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf
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intensity through market incentives that will produce opportunities for carbon capture and 
sequestration and numerous novel low-carbon fuel pathways. CARB Executive Officer Richard 
W. Corey described the LCFS program as “catalyzing investments in these cleaner alternative 
fuels, providing consumers with more choices, and reducing emissions of toxic pollutants and 
greenhouse gases.”121 The assertion that there is an inability to enforce low-carbon fueling 
discredits all the progress that the LCFS program has made over the past 10 years and is 
simply incorrect. CARB has claimed leadership in this space, encouraging billions of dollars of 
investments in developing low-carbon fuel solutions for the California market.  Before arbitrarily 
declaring that the program is unenforceable, CARB must give serious and robust consideration 
to the LCFS as an alternative approach.   


By employing market-based approaches instead of instituting zero emission technology 
mandates, CARB would allow for innovation within existing marketplaces to dramatically reduce 
GHG emissions without the systemic risks associated with the ZEV-centric approach 
concerning electric/hydrogen infrastructure development, zero emission technology readiness, 
and cost.  


B.3 CARB did not conduct a full life cycle greenhouse gas (GHG) emissions analysis 
for the vehicle/fuel system to assess GHG emission impacts of their proposal and 
alternatives, and thus have under-represented the full emissions impact of the 
regulation.  


The current ACC II proposal does not consider the life cycle emissions for “zero emission” 
vehicles, assess GHG emissions leakage outside of the state of California that would be 
caused by the ACC II proposal, or include a technology-neutral analysis of alternatives that 
could meet the GHG reduction goals. Simply put, the ACC II proposal focuses on a complete 
transition to zero-emission vehicle (ZEV) without consideration of other vehicle technologies or 
a future role for renewable fuels.122 In the ISOR analysis, there were several stages of the 
emissions assessment that were excluded. The pieces of life cycle GHG emissions that were 
excluded from the analysis include: 


• Upstream fuel cycle GHG emissions from out-of-state fuel production and transportation 
activities for California reformulated gasoline (CaRFG) and hydrogen (H2), and 


• GHG emissions associated with vehicle production changes required by the proposed 
regulation; this could be significant particularly for minerals extraction and processing and 
battery production, transportation, and disposal impacts for battery electric vehicles (BEVs) 
that are not part of the baseline for internal combustion engine vehicles (ICEVs). 


Figure B-2 below outlines the scope of the CARB ACC II emissions assessment and shows 
what components were included/considered and what was noticeably missing from the ISOR 


 
121 Cleaner fuels have now replaced more than 3 billion gallons of diesel fuel under the LCFS. Available 


at: https://ww2.arb.ca.gov/news/cleaner-fuels-have-now-replaced-more-3-billion-gallons-diesel-fuel-
under-low-carbon-fuel. Accessed: May 2022. 


122  Note that this is inconsistent with Federal mandates under the Renewable Fuel Standard to promote 
domestic production and consumption of renewable fuels in domestic transportation. 42 U.S.C. 7545. 



https://ww2.arb.ca.gov/news/cleaner-fuels-have-now-replaced-more-3-billion-gallons-diesel-fuel-under-low-carbon-fuel

https://ww2.arb.ca.gov/news/cleaner-fuels-have-now-replaced-more-3-billion-gallons-diesel-fuel-under-low-carbon-fuel
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analysis. This figure was adapted from the GREET website and shows the components that 
make up a comprehensive vehicle life cycle assessment. 


CARB has claimed that only in-state emissions for fuels were included due to an AB 32 
emission boundary at state lines. However, this boundary is a regulatory-based line that is not 
representative of the actual behaviour of GHG emissions. GHG emissions are global pollutants 
that enter the atmospheric carbon stock and cause global consequences, no matter the point of 
origin. CARB must assess the full life cycle emissions associated with this regulation, 
regardless of location of the emission. Any assessment that does not recognize these impacts 
misrepresents the actual environmental effects of the proposed regulation and would lead to 
factually incorrect conclusions that undermine any rationale for adoption of the proposed rule.  


Figure B-2. CARB ACC II Emissions Assessment Scope123 


  


Ramboll conducted an analysis of California’s light-duty auto (LDA) fleet to evaluate whether 
alternative vehicle technology and fuel pathways could achieve life cycle GHG emission 
reductions similar or greater than the ACC II proposal (“Ramboll LDA Study”, included in 
Attachment D). Unlike the ISOR analysis, Ramboll has evaluated the full life cycle impacts of 
ZEV technologies under the ACC II proposal to more completely characterize the potential 
near-term and long-term GHG emissions performance and consider other pathways that would 
not require a replacement of the entire transportation infrastructure system.  


 
123 GREET Model Home Page. Available at: https://greet.es.anl.gov/. Accessed: May 2022. 



https://greet.es.anl.gov/
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Vehicle cycle emissions124 were not considered in the ISOR analysis but should be included 
due to the large differences in these emissions between ZEVs and ICEVs. The Ramboll LDA 
Study found that the vehicle cycle emissions for a model year 2026 BEVs (10.1 metric tons 
(MT) CO2e per vehicle) was about 74% higher than those for a MY 2026 ICEV (5.8 MT CO2e 
per vehicle) (see Figure B-3). If the BEV undergoes a battery replacement during its lifetime, its 
vehicle cycle emissions increase to 15.5 MT CO2e per vehicle, which is ~167% higher than 
those of an ICEV. The significant emission increases associated with the production of a BEV, 
as compared to an ICEV, must be included in the ISOR emission analysis to fully understand 
the impacts of the proposed ACC II regulation. 


Figure B-3: Vehicle Cycle GHG Emission Factors for Different Vehicle Technologies 


 
 


 


B.4 CARB does not discuss the potential impact to the California electric grid from this 
regulation including requirements for new and upgraded generation, transmission, 
and distribution. 


CARB has not provided any analysis of the feasibility of the proposed regulation given the 
significant increase of charging infrastructure, electrical generation and transmission and 
distribution infrastructure that would be required to support a ZEV fleet. The Capacity Analysis 
from CEC’s EDGE Model (Figure B-4 below, obtained from Page 48 in the Draft EA125) shows 
the grid has no additional capacity to add electrical load for charging for most of these circuits. 
You can see this in numerical terms in Figure B-5 (obtained from Virtual Medium and  


 
124 Emissions associated with vehicle material recovery and production, vehicle component fabrication, 


vehicle assembly, and vehicle disposal/recycling. 
125 Draft Environmental Analysis (EA) for the Proposed ACC II Program. Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. Accessed: May 2022. 
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https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf
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Figure B-4: Capacity Analysis from CEC’s EDGE Model126 (dark red indicates no 
available additional capacity) 


 


 


 
126 Draft Environmental Analysis (EA) for the Proposed ACC II Program. Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf
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Heavy-Duty Infrastructure Workgroup Meeting - Electricity and the Grid on January 12, 
2022127), which details the capacity of circuits to integrate additional load. This figure illustrates 
that 30% to 76% of circuit segments have no capacity to integrate additional load. Thus, no 
appreciable charging capacity can be added to most of these circuits without the expenditure 
and time for additional construction of needed transmission and distribution infrastructure.  


CARB has cited growth in the electric utilities sector and noted that new infrastructure will be 
needed to support this transition, however, they have failed to account for the costs of the 
infrastructure needed for this regulation in the SRIA,128 and have instead ascribed benefits to 
the electric utilities sector for job growth. This is misleading, and CARB must evaluate the full 
economic impact to electric utilities as a result of this regulation rather than just account for the 
benefits while ignoring the required costs associated with this transition. 


Figure B-5: Capacity of circuits to integrate additional loads129 


 


 
127 Virtual Medium and Heavy-Duty Infrastructure Workgroup Meeting - 01/12/22. Available at: 


https://www.youtube.com/watch?v=_mr0TmwxGZQ. Accessed: May 2022. 
128 Standardized Regulatory Impact Assessment (SRIA) for the for the Proposed ACC II Program. 


Available at: https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf. 
Accessed: May 2022. 


129 Virtual Medium and Heavy-Duty Infrastructure Workgroup Meeting - 01/12/22. Available at: 
https://www.youtube.com/watch?v=_mr0TmwxGZQ. Accessed: May 2022. 



https://www.youtube.com/watch?v=_mr0TmwxGZQ

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf

https://www.youtube.com/watch?v=_mr0TmwxGZQ
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B.5 The proposed ACC II strategy will place further stress on California’s strained 
electric infrastructure and does not address measures to ensure stability and 
reliability of the grid during public safety power shut-off (PSPS) events. 


There have been increasing number of PSPS events in California over the last five years, due 
in large part to an aging electrical transmission and distribution infrastructure that utility 
companies in California have neglected to maintain in order to reduce their costs and increase 
profits.130 In 2019, PG&E explained to the California Public Utilities Commission (CPUC) that it 
would take 10 years to decrease PSPS event severity significantly,131 and this does not include 
all the additional upgrades that will now be needed as a result of the requirements in the 
proposed ACC II regulation. The proposed ZEV strategy may leave California particularly 
vulnerable to PSPS events, which would eliminate the ability to recharge ZEVs. CARB claims 
that vehicle-to-grid (V2G) technology would help solve PSPS event issues, but this is assuming 
that a consumer would consent to feeding their electricity back into their house without 
knowledge of when the power would be restored. Electrical grid upgrades are needed to 
prevent PSPS events and increase the stability and reliability of the electric vehicle charging 
infrastructure. This is an issue unique to electricity as a fuel and must be analyzed. Meanwhile, 
the Renewable Portfolio Standard (RPS) mandates increased reliance on renewable power 
sources such as solar and wind, which has already posed challenges to the reliability of the 
California electrical grid. CARB must consider the impacts of rolling blackouts, higher utility 
costs, destabilization of industrial operations, and other foreseeable consequences of shifting 
significant additional power demand onto the grid. 


B.6 CARB has failed to account for the full costs associated with the charging 
infrastructure and grid infrastructure upgrades in their benefit-cost analysis of the 
proposed ACC II regulation. 


CARB estimated a benefit-cost ratio of 1.17 for the proposed ACC II regulation in the recently 
released SRIA132. This value was calculated as a ratio of the benefits associated with the 
rulemaking to the total costs for vehicle ownership. The list of benefits considered for this 
benefit-cost ratio calculation include: cost of ownership savings (gasoline fuel costs, 
maintenance and repair costs, electricity cost savings from V2G integration), health benefits 
associated with avoided health outcomes of fine particulate matter (PM2.5) emissions, and 
changes in tax/fee revenues for state and local governments. The total costs for vehicle 
ownership include vehicle price, charger price for single family homes, sales tax, fuel (electricity 
and hydrogen) cost, insurance, and registration.  


While the costs considered in the calculation include charger costs for single family homes 
(detached, attached, duplex, triplex, and quad), CARB has not accounted for the costs 


 
130 Preventing Wildfires with Power Outages. Available at: 


https://www.psehealthyenergy.org/news/blog/preventing-wildfires-with-power-outages-2/. Accessed: 
May 2022. 


131 Ibid. 
132 ACC II Standardized Regulatory Impact Assessment (SRIA). Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf. Accessed: May 2022. 



https://www.psehealthyenergy.org/news/blog/preventing-wildfires-with-power-outages-2/

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf
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associated with multi-family residential, public, and workplace chargers which would include 
direct current (DC) fast charging stations. CARB claims that the “capital cost of public charging 
infrastructure is assumed to be passed through to the consumer via refueling rates”.133 Upon 
further review, it appears that the commercial/residential fueling (electricity) rates used in the 
SRIA were developed based on the fuel forecasts in the California Energy Commission’s 
(CEC’s) 2021 Integrated Energy Policy Report (IEPR).134 While the 2021 IEPR notes that the 
key driver of electricity rates is the cost of investment in the grid infrastructure (including 
chargers) to meet state policy goals, it also states the that the demand forecasts “do not 
incorporate currently nonexistent policies, such as [the proposed] Advanced Clean Cars II”. 
Hence, the electricity rates do not account for the costs associated with these (multi-family 
residential, public, and workplace) chargers. We estimated a total cost of $13 - 24 billion for 
these chargers using the charger purchase and installation costs (Table B-1) from South Coast 
Air Quality Management District’s (SCAQMD’s) Final Staff Report for the Warehouse Indirect 
Source Rule135 and projected number of chargers (Table B-2) required for the implementation 
of the ACC II from the Draft 2022 State Strategy for the State Implementation Plan.136 If just the 
costs associated with multi-family residential/public/workplace chargers were accounted for in 
the ACC II SRIA benefit-cost analysis, the benefit-cost ratio would fall to 1.08-1.12.   


 
133 See Page 169 in the SRIA. 
134 Available at: https://efiling.energy.ca.gov/GetDocument.aspx?tn=241581. Accessed March 2022. 
135 Available at: http://www.aqmd.gov/docs/default-source/Agendas/Governing-Board/2021/2021-May7-


027.pdf?sfvrsn=10. Accessed: May 2022.  
136 Available at: https://ww2.arb.ca.gov/sites/default/files/2022-01/Draft_2022_State_SIP_Strategy.pdf. 


Accessed: May 2022.  



https://efiling.energy.ca.gov/GetDocument.aspx?tn=241581

http://www.aqmd.gov/docs/default-source/Agendas/Governing-Board/2021/2021-May7-027.pdf?sfvrsn=10

http://www.aqmd.gov/docs/default-source/Agendas/Governing-Board/2021/2021-May7-027.pdf?sfvrsn=10

https://ww2.arb.ca.gov/sites/default/files/2022-01/Draft_2022_State_SIP_Strategy.pdf
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Table B-1. Electric Vehicle Charger Purchase and Installation Costs 


EV Charger  
Cost Item EV Charger Type1 


EV Charger 
Level2 
(kW) 


Cost Range2 
($/charger) 


Low 
Estimate 


High 
Estimate 


Purchase 
LDV DC Fast Charger 19.2-50 $10,000 $30,000 


LDV Level 1 and 2 Chargers up to 19.2 $3,000 $5,000 


Installation 
LDV DC Fast Charger3 19.2-50 $10,000 $16,518 


LDV Level 1 and 2 Chargers Level 2 $5,000 $10,000 


Notes: 
1 EV charger types based on charger levels presented in SCAQMD Warehouse ISR Staff Report. 
2  Data obtained from Table 18 in Appendix B of the Final Draft Staff Report Proposed Rule 2305 – 


Warehouse Indirect Source Rule. Available at: http://www.aqmd.gov/docs/default-
source/Agendas/Governing-Board/2021/2021-May7-027.pdf?sfvrsn=10.  
Accessed March 2022.  


Abbreviations: 


$ - dollars, DC – direct current, EV – electric vehicle, LDV – light duty vehicle,  
SCAQMD – South Coast Air Quality Management District 


 


  



http://www.aqmd.gov/docs/default-source/Agendas/Governing-Board/2021/2021-May7-027.pdf?sfvrsn=10

http://www.aqmd.gov/docs/default-source/Agendas/Governing-Board/2021/2021-May7-027.pdf?sfvrsn=10
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Table B-2. Charger Costs Not Accounted for in the ACC II SRIA 


Charger Type 
Additional Chargers 
Needed (2026-2037)1 


Low Estimate2 


(millions of $) 
High Estimate2 
(millions of $) 


MUD (Level 1/2) Charger 420,073 3,361 6,301 


Public Level 2 Charger 585,490 4,684 8,782 


Work Level 2 Charger 470,133 3,761 7,052 


Public DC Fast Charger 43,531 870 2,025 


Total Cost 12,676 24,160 


Notes: 
1 Data obtained from Draft 2022 State Strategy for the State Implementation Plan, Figure 25. Available at: 


https://ww2.arb.ca.gov/sites/default/files/2022-01/Draft_2022_State_SIP_Strategy.pdf. Accessed: March 
2022.  


2 Charger costs estimated as a product of the additional chargers needed (shown in this table) and the 
sum of the purchase and installation costs for a charger (obtained from Table A-1).  


Abbreviations: 


MUD - Multi-unit dwellings, DC – Direct Current 
 


Additionally, CARB has failed to account for the electricity grid infrastructure (generation, 
distribution, and transmission) upgrade costs that would be necessary to support the additional 
load demand generated from the ACC II proposal. While the SRIA acknowledges that there 
would be tremendous growth in the electricity grid infrastructure and estimates the benefits of 
job growth in this sector, it remains silent on the costs associated with this grid infrastructure 
upgrades and development. As noted in the 2018 E3 Deep Decarbonization in a High 
Renewables Future Report (2018 E3 Report), these costs could be significant. For example, 
the cumulative cost for electric grid infrastructure development and maintenance for a high 
electrification scenario that includes the deployment of 35 million ZEVs is of $1.55 trillion from 
2026-2050.137 This value is $378 billion higher than the current policy reference case that was 
evaluated in that 2018 E3 Report. (Refer to Table A-3 for further details on the current policy 
scenario and the high electrification scenario). Hence, CARB must include the costs associated 
with the electricity grid infrastructure updates needed for the implementation of the proposed 
ACC II in their benefit-cost analysis.  


 
137 The grid infrastructure costs accounted for in the 2018 E3 Report include: capital, operations and 


maintenance (O&M), administrative, and taxes.  



https://ww2.arb.ca.gov/sites/default/files/2022-01/Draft_2022_State_SIP_Strategy.pdf
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Table B-3. 2018 E3 Report Scenario Descriptions 


Scenario Parameters 


E3 CEC Study1 


Reference Scenario 
(CEC 2018 Policy) 


High Electrification 
Scenario 


Meets California’s 2050 GHG Emission 
Reduction Target? No Yes 


Meets California’s 2030 LD ZEV Targets? No, 4M LD ZEVs Yes, 6M LD ZEVs 


2050 ZEV Population 
(percentages as fraction of EMFAC2 in-state 
fleet in 2050) 


24M LD ZEVs (68%) 
303k MD/HD ZEVs 
(4%) 


35M LD ZEVs (100%) 
1.3M MD/HD ZEVs (18%) 


2050 Electric Grid Mix 50% Renewable  
(2030 through 2050) 


95% Zero Carbon 
70% Renewable 


2050 Building Electrification None (2030) 91% Building Energy is 
Electric 


2050 Total Electricity Demand (TWh) 378 TWh 456 TWh 


Cumulative Cost for Electric Grid Infrastructure 
2026-2050 (Trillions of $)3 $1.17 $1.55 


Notes: 
1 E3 2018 Deep Decarbonization PATHWAYS Report. Available at: 


https://www.ethree.com/projects/deep-decarbonization-california-cec/. Accessed April 2022. 
2 EMFAC2017. Available at: https://arb.ca.gov/emfac/emissions-inventory. Accessed April 2022. 
3 The grid infrastructure costs accounted for in the 2018 E3 Report include: capital, operations and 


maintenance (O&M), administrative, and taxes. 


Abbreviations: 


AEO – Annual Energy Outlook, BEV – battery electric vehicle, CEC – California Energy Commission, 
EIA – Energy Information Agency, HD – heavy duty, LD – light duty, M – Million,  
NZA – Net Zero America, TWh – terawatt hour, ZEV – zero emission vehicle  


 


B.7 The ISOR overestimates the potential benefits associated with the vehicle-to-grid 
(V2G) technology. 


CARB has assumed there would be savings associated with V2G technology as seen in total 
cost of ownership calculations. These savings begin in 2027 at $2 million, increasing over time 



https://www.ethree.com/projects/deep-decarbonization-california-cec/

https://arb.ca.gov/emfac/emissions-inventory
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to $5.3 billion by 2040. The cumulative savings for V2G technology are nearly 40% of the total 
net savings as a result of the ACC II proposal and are therefore a significant driver in the 
benefit-cost ratio calculation. CARB has described these purported benefits, without accounting 
for the costs of V2G technology on the lifetime and warranties for battery electric vehicles 
(BEVs). If the batteries in BEVs are used as a source of power for homes, this would increase 
the number of vehicle battery charging cycles without adding miles which will negatively impact 
the battery state of health and the lifetime. Further, BEVs currently available in the market are 
not intended to be used in this fashion. Hence, there is potential for the battery warranty to be 
voided with such use. There is no mention of V2G technology in the draft regulatory language 
for BEVs in the proposed ACC II.138 Hence, warranty requirements for future BEVs 
manufactured to meet the sales requirements of ACC II may preclude V2G technology from 
being used on these vehicles. Assuming benefits for V2G technology without considering the 
potential cost impacts to the vehicle battery lifetime and warranty results in a one-sided benefit-
cost evaluation. Additionally, CARB has assumed that up to 25% of BEV owners in single-
family homes will partake in this use case, without any factual basis or hard references for 
these assumptions. Because of this, the savings calculated as a result of these numbers must 
be re-evaluated and considered carefully in the benefit-cost analysis. CARB should update the 
SRIA to present a more complete analysis. 


B.8 CARB erroneously claims that because the proposed program will divert energy 
from fossil fuel-powered systems to an increasingly renewable electrical system, 
the regulation will not result in a significant cumulative impact related to energy, 
grossly oversimplifies the efforts that will be required to achieve this transition. 


CARB appears to be arguing that a unit of energy is fungible regardless of its source (i.e., from 
the electrical grid or from liquid fuels) and that because the net consumption of energy for 
fueling will decrease as a result of this transition, the overall impacts to the energy sector will be 
less than significant. This assumption is fundamentally flawed because these two energy 
systems (the electrical grid and liquid fuels) are wholly independent.  


The challenges associated with increasing the supply in the electrical grid will include 
complications of mismatched renewable energy supply and demand (i.e., duck curve), 
upgrading the grid infrastructure (generation, storage, transmission, and distribution) to 
accommodate increased electric vehicle charging. 


The renewable energy supply versus demand curve (i.e., duck curve) is one example of a 
barrier that is unique to renewable energy that will need to be considered during the transition 
to electric vehicles alongside the transition to 100% renewable grid electricity. California has 
abundant solar energy generated during the day when demand is low and lower supply of 
renewable energy at night paired with higher demand when residents will want to charge their 
electric vehicles and power other appliances once they get home from work. This imbalance 
calls for advanced efforts to plan EV charging events and make improvements to the grid 
infrastructure to accommodate the increased demand at off-peak hours. Based on the ACC II 


 
138 Available at: https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa9.pdf. 


Accessed: May 2022. 
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SRIA, residential charging is projected to be the second cheapest form of charging an electric 
vehicle battery for the foreseeable future.139 Electric utilities will have to work with EV users to 
implement smart charging measures that do not exacerbate the duck curve. This planning may 
include increasing investment in energy storage devices that can be used to supply power at 
off-peak periods (I.e., night-time) when BEV users will charge their cars.  


This proposed regulation will require an increase in electrical consumption on the scale of 
terawatt-hours (TWh’s) on an annual basis. The impacts of this increased demand to the 
State’s electrical generation, distribution, and transmission systems must be analyzed. CARB 
cannot assert without evidence that renewable energy would be available for the increased 
demand for electrical generation without impacts to the existing grid infrastructure.  


The ISOR assumption that the regulation will not have a significant cumulative impact related to 
energy does not consider the factors described above that will generate additional stress on the 
electric grid. The challenges that renewable electricity presents must be analyzed, and there is 
no credible basis to assume that there will be no cumulative impact to energy as a result of this 
transition to ZEVs. 


Additionally, CARB has not considered any alternatives that minimize the number of stranded 
liquid fuel infrastructure assets or addressed the economic impact of these stranded assets that 
will result by the adoption of the ACC II proposal. If this regulation were to consider a 
technology-neutral approach, there could be potential for existing liquid fuels infrastructure to 
be converted from carrying fossil fuels to renewable fuels. This has already been demonstrated 
by the conversion of some refineries to renewable fuel facilities.140 There are over 14 refineries 
currently located in California and the total input capacity is more than 1.7 million barrels per 
day.141 The liquid fuel network in California is already extensive and fully built out to scale. 
Hence using this existing network for the production and distribution of renewable fuels 
presents a lower risk scenario compared to an unprecedented rate of electrical grid 
infrastructure development on which the implementation of the current ACC II proposal would 
require.  


B.9 CARB has not fully assessed the economic impact the proposed regulation would 
have on the liquid fuels supply chain. 


CARB assumes that gasoline prices will follow the current CEC IEPR fuel price projection but 
has not assessed the impacts a technology mandate could have on these prices and how this 
will affect the domestic and foreign supply-chains. As discussed in the Stillwater Study142 if the 
proposed regulation goes into effect as currently written, there will be a 66% decrease in 
gasoline sales by 2035 and a 90% decrease by 2050. Gasoline and petroleum-based diesel 


 
139  ACC II Standardized Regulatory Impact Assessment (SRIA). Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf. Accessed: May 2022. 
140  Possible Market Implications of California’s Efforts to Ban Internal Combustion Engines. Available at: 


https://stillwaterassociates.com/possible-market-implications-of-californias-efforts-to-ban-internal-
combustion-engines/. Accessed: May 2022. 


141  Ibid. 
142  Ibid. 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf

https://stillwaterassociates.com/possible-market-implications-of-californias-efforts-to-ban-internal-combustion-engines/

https://stillwaterassociates.com/possible-market-implications-of-californias-efforts-to-ban-internal-combustion-engines/
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demand will be reduced to 1 billion gallons per year, which is less than half of what is produced 
by a moderate California facility today. As a result of this, it is likely California will consolidate or 
eliminate the entire petroleum refining industry in the State and shift to imported finished 
product (See the Stillwater Study143 and Attachment E). This will lengthen the supply chain 
and threaten the security of supply. Capitol Matrix Consulting predicts that per-gallon petroleum 
prices will increase as a result of this increased importation of finished product as the supply-
chain is lengthened and the fixed costs for distribution and sale of gasoline are spread over a 
decreasing number of customers (Attachment E). CARB has addressed the job and income-
related impacts of declining oil and gasoline production, refining and distribution in California, 
but has not addressed the long-term impacts to the gasoline and diesel prices in the state and 
the impact this would have on consumers and the economy. 


B.10 The ISOR assessment of the prices of ZEVs is unfounded and leads to a skewed 
cost assessment that does not fully capture the cost of ZEVs to consumers. 


The ISOR estimates of the future ZEV price declines do not consider the supply-chain 
constraints that could have an impact on the cost of the ZEVs. Capitol Matrix Consulting (CMC) 
completed a review of the impact of ACC II on California Businesses (Attachment E) and notes 
that CARB has assumed a continued decrease in battery costs of ~7% per year from 
2020-2030 and ~5% annually from 2030-2035. CMC found that this does not take into account 
key factors that drive battery prices up such as supply constraints and worldwide demand for 
battery-powered vehicles. CMC cites that battery prices are rising in 2022 due to increases in 
prices of battery-related metals. These prices could potentially continue to increase as there is 
a continued growing uptake of battery-powered vehicles, and this would be further exacerbated 
by the additional demand generated by the implementation of the ACC II proposal.  


CMC estimated the resulting incremental purchase price of a EV pickup would be $16,000 in 
2026 and nearly $10,000 in 2035, if the recent uptick in battery prices was taken into account 
and the future price decline assumptions in the SRIA were cut in half. CARB should re-evaluate 
they assumptions for BEV vehicles update their cost-effectiveness and benefit-cost ratio 
analysis to reflect the recent market trends noted in CMC’s analysis (Attachment E). 


The ISOR analysis does not address distributional impacts of the Proposed ACC II regulation. 
CMC also conducted a review of the distributional impacts of the ACC II proposal 
(Attachment F) and found that the incremental cost for a BEV compared to an ICE vehicle 
with similar features, capabilities, and range is $12,000 or more for small passenger vehicles, 
and well over $20,000 for high-end sedans, SUVs, and pickup trucks. The increased 
expenditures required to purchase and maintain a ZEV will be disproportionally felt by lower- 
and middle-income households. CARB must consider these cost implications when evaluating 
the proposed rule. 


 
143  Ibid. 
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B.11 CARB has not demonstrated that ZEVs will meet the long-distance use cases of 
customers, and therefore has not demonstrated that this regulation will achieve the 
claimed GHG emission reductions.  


The ISOR analysis has not definitively shown that BEVs will be used as a one-to-one 
replacement for ICEVs, which may lead to a use case that has not been addressed in the 
environmental assessment as currently written. The Stillwater Study144 on Possible Market 
Implications of California’s Efforts to Ban ICEs states that ZEVs are expected to provide only 
65-95 percent of the vehicle miles travelled by their gasoline counterpart. The Study also notes 
that ICEVs would be typically used for infrequent long-distance trips which contribute to a 
majority of the GHG emissions, because today’s long-range ZEVs with supercharger 
recharging add significantly more travel time on long trips. 


While BEV ranges have continued to improve, the charging times have still lagged, and 
consumers may continue to use ICEVs for long-range range trips even past 2035 while they still 
own these vehicles if battery and charging technology do not improve significantly. CARB must 
consider a technology-neutral alternative, which could allow liquid fuel alternatives that would 
meet a performance-based standard. This could allow a phase-in of low-carbon drop-in 
replacement fuels that could be used in an ICEV, PHEV or HEV, thus generating near- and 
long-term GHG reductions for long-range applications. 


B.12 CARB has not proven that consumers will be able to buy ZEVs on the schedule 
outlined in the rule.  


While the ISOR analyses indicates that the total cost of ownership of ZEVs are less than their 
ICEVs counterparts, they have not evaluated if consumers will have the capital necessary to 
invest in ZEVs which have a higher purchase price than ICEVs. Capitol Matrix Consulting 
(CMC) completed a review of the impact of ACC II on California Businesses (Attachment E) 
and found that the ACC II regulation could lead to a “loss of customer discretionary income tied 
to higher ZEV purchase prices”. As a result, customers who do not want to give up their extra 
discretionary income may postpone the purchase of a ZEV, resulting in lower ZEV sales rates 
than those assumed under the current ACC II proposal.  


While CARB claims that the purchase price of ZEVs will drop rapidly in the future (~7% annually 
from 2026-2030 and ~5% annually from 2030-2035), current market trends indicate otherwise 
(refer to Comment B.10 for further details). Affordability of ZEVs has not been guaranteed by 
the proposed ACC II regulation, leaving consumers with very few choices for affordable ZEVs. 
CARB must consider customer-related impacts of the proposed ACC II as described in the 
CMC analysis (Attachment E) while evaluating the feasibility and cost-effectiveness of their 
proposal. 


 
144  Ibid. 







Advanced Clean Cars 
May 31, 2022 
Page B-17 


 


 


Western States Petroleum Association          1415 L Street, Suite 900, Sacramento, CA 95814          916.498.7750          wspa.org 


B.13 CARB has provided no foundation for the conclusion that the Proposed Program 
“would not result in a cumulatively considerable contribution to a significant 
cumulant impact related to mineral resources.”  


CARB has not assessed the amount of mineral resources that would be required for this 
regulation, and therefore has no factual basis to conclude that the impact “would be generally 
small when viewed in the context of global lithium markets.”145 Nor has CARB developed the 
factual record needed to conclude that other mineral resources needed to meet ACC II are 
adequate. 


The findings of the 2021 International Energy Agency’s report titled The Role of Critical World 
Energy Outlook Special Report Minerals in Clean Energy Transitions,146 indicate that a typical 
electric car would require six times the amount of mineral inputs compared to a conventional 
vehicle. This report also stated that the rapid deployment of clean energy technologies 
(including EVs) would result in a significant impact on mineral resources, and that there are 
currently not enough of these resources available to meet this demand.  


CARB must provide a basis for their significance argument, including but not limited to an 
estimate of the minerals required to manufacture the ZEVs mandated by this proposed 
regulation, the potential strain on global mineral resources, and impacts to the global supply 
chains for lithium, cobalt, nickel, and other critical minerals. The assessment should include 
sensitivity analysis to determine how costs and availability may be affected by mineral scarcity 
and global supply chain disruptions. 


While CARB did not provide mineral resource estimates for the proposed regulation, CARB 
does provide an estimate for the projected annual increase in battery production in Table 4 of 
the Draft EA.147 These projections show an annual increase in battery production, ranging from 
43.2 gigawatt-hours (GWh) in 2026 to 150.8 GWh in 2035. The recently released Assembly Bill 
(AB) 2832 Lithium-ion Car Battery Recycling Advisory Group Final Report cites that over 
60 GWh of Li-ion battery capacity has been deployed in the US EV market from 2010-2020.148 
In the current proposal, CARB expects that two-thirds of this capacity that was deployed over 
the last decade, would be made available during the first year of the rule implementation. CARB 
also projects that the annual battery production capacity would continue to increase into the 
future reaching levels that are two and a half times the production capacity deployed in the last 
decade. This unprecedented ramp-up in battery production capacity which in turn would lead to 


 
145 CARB. Draft Environmental Assessment. Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. Accessed: May 2022. 
146 International Energy Agency (IEA). 2021. The Role of Critical World Energy Outlook Special Report 


Minerals in Clean Energy Transitions. Available at: https://www.iea.org/reports/the-role-of-critical-
minerals-in-clean-energy-transitions. Accessed: May 2022. 


147 CARB. Draft Environmental Assessment. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. Accessed: May 2022. 


148 Available at: https://calepa.ca.gov/wp-content/uploads/sites/6/2022/05/2022_AB-2832_Lithium-Ion-
Car-Battery-Recycling-Advisory-Goup-Final-Report.pdf. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf

https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions

https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf

https://calepa.ca.gov/wp-content/uploads/sites/6/2022/05/2022_AB-2832_Lithium-Ion-Car-Battery-Recycling-Advisory-Goup-Final-Report.pdf

https://calepa.ca.gov/wp-content/uploads/sites/6/2022/05/2022_AB-2832_Lithium-Ion-Car-Battery-Recycling-Advisory-Goup-Final-Report.pdf
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a similar ramp up of mineral extraction cannot be ignored. CARB must first analyze and 
evaluate these impacts before rushing to conclude that they are “not significant”. 


B.14 The ISOR assertion that no new facilities will be required to manufacture ZEVs is 
likely not representative of reality. The manufacturing process of ZEVs greatly 
differs from that of ICEVs and will require dedicated facilities outside of the 
existing ICEV manufacturing facilities. 


CARB has failed to fully address the additional resources and facilities that will be needed to 
ramp up electric vehicle production to meet the proposed state zero-emission vehicle mandate. 
CARB has stated that they assume that existing vehicle manufacturing facilities will be able to 
meet the growing demand for ZEVs, but this assumption fails to account for the differences in 
the manufacturing processes between ICEVs and ZEVs.  


As CARB describes in the Draft EA, Lithium-ion (Li-ion) batteries can pose a potential risk if 
damaged, exposed to a fire or a heat source, or poorly packaged.149 This risk will need to be 
mitigated through additional measures, which could include additional training of facility 
operators, emergency responders, and manufacturing personnel and additional design 
measures added to vehicle manufacturing facilities. The assumptions that no new facilities will 
be required assumes that all these upgrades can take place at existing ICEV manufacturing 
facilities. This assumption is made without any factual basis. CARB must consult with existing 
ICEV and ZEV manufacturers to understand the differences in the manufacturing processes 
and use this information to assess and evaluate the environmental and economic impacts 
associated with the conversion of ICEV manufacturing facilities to ZEV manufacturing facilities. 


B.15 The ISOR misrepresents potential impacts to public services, utilities, and service 
systems.  


CARB must comprehensively address the full potential of impacts to public services, utilities, 
and service systems to understand the potential environmental and economic impacts this 
regulation will have, including the potential impact on the State’s GHG reduction goals as well 
as its criteria pollutant emissions goals. Increased use of high-capacity battery storage and 
high-voltage upgrades to the grid’s electrical distribution and transmission infrastructure may 
lead to increased risk of wildfires, which would have an impact on fire response and other 
emergency services. CARB recognized that the increased reliance on the electrical grid and 
increase in infrastructure needed could lead to increased risk of wildfire ignition, but they have 
failed to fully account for the environmental effects of this impact and impacts on public services 
such as CAL FIRE. According to a letter by the California State Auditor, 19% of CAL FIRE-
reported acres burned from 2019-2020 were caused by electrical power. 150 A scale-up of the 
grid in response to the ZEV mandate could have detrimental effects on public services that 
support fire-suppression and wildfire response.   These impacts may be significant. A January 


 
149 Available at: https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. Accessed: 


May 2022. 
150 California State Auditor. Electrical System Safety: California’s Oversight of the Efforts by 


Investor‑Owned Utilities to Mitigate the Risk of Wildfires Needs Improvement. Available at: 
https://www.bsa.ca.gov/reports/2021-117/. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf

https://www.bsa.ca.gov/reports/2021-117/
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2021 study by Stanford researchers modelling the effects of wildfires on ambient air quality 
indicated that the contribution of wildfire smoke to PM2.5 concentrations currently accounts for 
up to half of the overall PM2.5 exposures in western regions of the United States.151 CARB must 
perform a full economic and emissions analysis of the potential impacts of increased wildfire 
risk as a result of the proposed ACC II regulation. 


B.16 CARB must provide justification as to why rescinding the SAFE rule would result in 
an increase in BEVs in the State’s baseline fleet from ~11% to ~19% in 2026.  


The Emissions Inventory Methods for the ACC II analysis (ISOR Appendix D) appear to update 
the baseline BEV and PHEV sales following the rescinding of the Safer Affordable Fuel-Efficient 
Vehicles (SAFE) rule. However, in the newest version of EMFAC released (v1.0.2), the light-
duty auto (LDA) population in 2026-2050 does not appear to change relative to the population 
from the previous version of EMFAC (v1.0.1), which included the SAFE rule. It is not clear how 
CARB has derived these new ZEV vehicle baseline population values presented in the ISOR 
Appendix D, and their basis for increasing the BEV population baseline based on the rescinding 
of the SAFE rule is similarly unclear. The SAFE rule sets a standard for GHG emission 
reductions, not a mandate of increased BEV and PHEV sales. CARB must provide justification 
as to why this would result in an increase in BEVs in the State’s fleet from ~11% to ~19% in 
2026 given the SAFE rule does not require the sale of ZEVs and provide EMFAC runs to show 
where how this new population baseline was derived to ensure transparency in their emissions 
inventory development through this rulemaking process. 


 
151 Available at:  https://www.pnas.org/doi/10.1073/pnas.2011048118.  Accessed:  May 2022. 



https://www.pnas.org/doi/10.1073/pnas.2011048118
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October 27, 2021 Comments152 


1. CARB’s credit pooling concept requires further discussion.  


2. CARB must include lower-carbon alternative fuel and engine technologies. 


September 1, 2021 Comments153 


1. CARB must evaluate lower-CI vehicle/fuel systems, similar to the evaluation for the 
BEV/electrical grid system. Such an evaluation would show that there are additional cost-
effective options, which build on the Low Carbon Fuel Standard (LCFS) and other 
successful programs, for reducing GHG emissions. 


2. CARB must determine if additional ZEV requirements could increase consumer costs and 
potentially delay ZEV deployment, assess if new PHEV and LEV standards are appropriate, 
and evaluate how these factors may impact the emission benefits sought in ACC II.  


3. It is CARB's responsibility to provide analyses on alternatives to the draft regulatory 
proposal that include emissions and cost benefits analyses, whether or not stakeholders 
provide analyzed alternatives.  


4. CARB must clarify and expand the scope of the Environmental Analysis (EA) to ensure that 
all indirect and unintentional impacts from this rule are being considered, as required under 
CEQA. 


a. Note: CARB claims that the upstream emissions of electricity generation will be 
accounted for in the analysis, but has not yet published the analysis 


5. CARB’s assumptions in the ZEV Cost Modeling workbook released prior to the May 6th 
ACC II workshop are optimistic and do not reflect the true cost increase that consumers 
would likely experience while purchasing a ZEV.  


a. Note: CARB has updated some of these parameters but has not released an updated 
cost analysis workbook. 


6. We respectfully request that CARB respond to our prior June 11th comment letter 
(Attachment A) and this letter. 


June 11, 2021 Comments154 


1. Evaluate multiple vehicle/fuel technology scenarios instead of focusing on an electric vehicle 
(EV) centric approach to reducing NOx and Greenhouse Gas (GHG) emissions from light-
duty and medium-duty vehicles (LD/MDVs)  


 
152 WSPA Comments on the October 13, 2021, Public Workshop on the ACC II Regulation. Available at: 


https://www.arb.ca.gov/lists/com-attach/27-accii-comments-w3-ws-UwxTMwFpAz5XMAhk.pdf. 
Accessed: April 2022. 


153 WSPA Comments on the August 11, 2021 Public Workshop on the ACC II Regulation. Available at: 
https://www.arb.ca.gov/lists/com-attach/19-accii-comments-w3-ws-BXJVIF0sBDZWDwVm.pdf. 
Accessed: April 2022. 


154 WSPA Comments on the May 6, 2021 Public Workshop on the ACC II Regulation. These comments 
are not posted online.  



https://www.arb.ca.gov/lists/com-attach/27-accii-comments-w3-ws-UwxTMwFpAz5XMAhk.pdf

https://www.arb.ca.gov/lists/com-attach/19-accii-comments-w3-ws-BXJVIF0sBDZWDwVm.pdf
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2. Justify that a bifurcated criteria air pollutant emission standard for ZEVs and non-ZEVs will 
be a cost-effective pathway to achieve emission reductions 


3. Evaluate the impact of the proposed ZEV penetration on the state-wide particulate matter 
(PM) inventory (notably, due to heavier battery electric vehicles (BEVs)), especially in PM2.5 
nonattainment areas 


4. Consider the costs of additional road maintenance and loss of revenue from fuel sales into a 
techno-economic feasibility and cost-effectiveness assessment  


5. Assess how future electric grid reliability and infrastructure needs will affect the feasibility of 
CARB’s proposed ZEV purchase mandate 


6. Evaluate potential electric vehicle battery supply chain requirements, especially demand for 
critical mineral resources which would be necessary to support the proposed ZEV sales 
mandate  


7. Evaluate the feasibility of achieving CARB’s anticipated near-term ZEV sales targets given 
current low adoption rates and consumer concerns 


8. Address shortfalls in BEV performance that fail to satisfy end-uses currently met by internal 
combustion engines (ICEs)  


9. Incorporate the cost implications of the proposed Durability and Minimum Warranty 
Requirements on the future sales prices of ZEVs 


10. Account for increased financial burden on non-dealer Independent Repair Shops resulting 
from ZEV transition 


11. Provide data regarding the expected emission impacts of medium duty vehicle travel that is 
in towing mode 


a. Note: CARB presented some verbal comments about the emissions impact of this 
regulation but has not provided emission calculations 
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Executive Summary Ramboll 


EXECUTIVE SUMMARY 
The California Air Resources Board (CARB or Board) Advanced Clean Cars program aims to reduce 
criteria air pollutants (CAP) and greenhouse gas (GHG) emissions throughout the state by setting 
regulations and standards aimed at light-duty vehicles (LDVs). The newest generation of rulemaking 
that has been drafted is the Advanced Clean Cars II (ACC II) proposal and is expected to be presented 
to the Board in summer 2022. This proposal introduced by CARB includes setting zero emission vehicle 
(ZEV) sales mandates for model year 2026 and later passenger cars and light-duty trucks (i.e., 
light-duty vehicles, LDVs). This proposed sales mandate would begin at 35% in 2026 and ramp up to 
100% for the 2035 model year and beyond.1 The stated aim of the ACC II proposal is to reduce CAP 
and GHG emissions through a ZEV sales mandate. This technology mandate is different from 
traditional CARB motor vehicle regulations that set engine emission standards or emission-based 
performance standards that allowed multiple lower-emitting technologies to compete. Although a 
stated goal is to reduce GHG emissions, the current ACC II proposal does not consider or analyze the 
full life cycle emissions for “zero emission” vehicles, account for greenhouse gas emissions leakage 
that would be caused outside of the state of California by the ACC II proposal, or include a 
technology-neutral analysis of alternatives that could help meet the greenhouse gas reduction goals. 
Simply put, CARB’s ACC II proposal focuses on a complete transition to ZEVs without a full accounting 
of GHG emissions impacts, and without consideration of other vehicle technologies or a future role for 
renewable and other low carbon fuels. 


Ramboll has conducted an analysis of California’s light-duty auto 
(LDA) fleet to evaluate whether alternative vehicle technology and 
fuel pathways could achieve life cycle GHG emission reductions 
similar or greater than the ACC II proposal. Unlike CARB’s 
analysis, Ramboll has evaluated the full life cycle impacts of ZEV 
technologies under the ACC II proposal to more completely 
characterize the potential near-term and long-term GHG emissions 
performance and considers other pathways that would not require 
a replacement of the entire transportation infrastructure system. 
These alternative pathways would also not require the wholesale 
transformation of electric energy production and distribution infrastructure on an unprecedented short 
time scale, but they would allow battery, hydrogen, and low-carbon intensity gaseous and liquid fueled 
vehicles to compete to achieve the State’s GHG targets for light-duty transportation in the quickest 
and most cost-effective manner. 


The main conclusions of our analysis are: 


• Zero emission vehicle technology is only one of many different technology/fuel scenarios that 
could be utilized to meet California’s GHG emission reduction targets; 


• A full life cycle emission assessment is necessary if GHG reductions are a goal of the regulation, in 
order to understand the cradle-to-grave effects of a given vehicle/fuel technology pathway; 


 
1 California Air Resources Board (CARB). 2022. Appendix A-5: Proposed Regulation Order for Section 1962.4 


Zero-Emission Vehicle Standards for 2026 and Subsequent Model Year Passenger Cars and Light-Duty Trucks. 
April 12. Available at: https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf. 
Accessed: May 2022. 


Ramboll’s multi-technology 
pathways analysis 
demonstrates that there are 
multiple light duty vehicle 
technology and fuel 
pathways that can meet 
California’s GHG emission 
reduction targets.  



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf
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• BEV technology of the scope and schedule proposed under ACC II would require technology and 
electrical generation/infrastructure developments that CARB has not analyzed and cannot 
mandate, control, or incentivize; 


• There is a growing potential for renewable and low carbon fuels, including some with negative 
carbon intensity (CI), to meet long-term GHG reduction targets for light-duty transportation; 


• Low-CI gasoline (included in scenarios represented by the blue, purple, and green lines in 
Figure ES-1) could decarbonize the transportation sector at a rate comparable to a ZEV-only 
regulation (represented by the pink shaded region in Figure ES-1); and 


• Allowing the market flexibility to meet emission reduction targets could lead to a more diverse 
deployment of fuel and vehicle technologies to meet State targets. 


Figure ES-1: Life Cycle Emissions for Key Scenarios 


 


These conclusions show that GHG reductions attributed by CARB to the proposed ACC II regulation are 
incomplete and emphasize the need for CARB to conduct a full life cycle GHG emission assessment to 
quantify the cradle-to-grave effects of the draft ACC II proposal. As demonstrated in this study, a full 
life cycle analysis demonstrates that there are multiple GHG-reducing vehicle/fuel technologies that, 
individually or in combination, have equivalent GHG reductions as ZEV-mandated ACC II proposal. 
CARB should revise the environmental analysis to consider all feasible vehicle/fuel pathways that could 
achieve the State’s emission reduction goals. This must be done in the alternative analyses presented 
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in the Standardized Regulatory Impact Assessment (SRIA)2 and the Environmental Assessment (EA)3 
for the proposed ACC II, including evaluations of the environmental, cost, and socioeconomic impacts 
of the different technology pathways. Consistent with rule development precedent, the results of this 
broader alternative analyses should inform the appropriate revisions to the draft ACC II rule language. 


 


 
2 CARB. 2022. Appendix C-1: Standardized Regulatory Impact Assessment (SRIA). April 12. Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf. Accessed: May 2022.  
3 CARB. 2022. Appendix E-1: Draft Environmental Analysis for the Proposed Advanced Clean Cars II Program. 


April 12. Available at: https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. Accessed: 
May 2022.  



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf





 Multi-Technology Pathways to Achieve 
 California Greenhouse Gas Goals 
 Light-Duty Auto Case Study 
 1 


 


Introduction Ramboll 


1. INTRODUCTION  
1.1 Proposed ACC II Regulation Summary 


The California Air Resources Board (CARB) Advanced Clean Cars program aims to reduce 
criteria air pollutants (CAP) and greenhouse gas (GHG) emissions throughout the state by 
setting regulations and standards aimed at LDVs. The newest generation of rulemaking that 
has been drafted is the Advanced Clean Cars II (ACC II) proposal and is expected to be 
presented to the Board in summer 2022. This proposal introduced by CARB includes setting 
zero emission vehicle (ZEV) sales mandates for model year 2026 and later passenger cars 
and light-duty trucks (i.e., light-duty vehicles, LDVs). This proposed sales mandate begins at 
35% in 2026 and would ramp up to 100% for the 2035 model year and beyond.4 The stated 
aim of the ACC II regulation is to reduce CAP and GHG emissions through a ZEV sales 
mandate. This technology mandate is different from traditional CARB motor vehicle 
regulations that set engine emission standards or emission-based performance standards 
that allowed multiple lower-emitting technologies to compete. Although a stated goal is to 
reduce GHG emissions, the current ACC II proposal does not consider or analyze the full life 
cycle emissions for “zero emission” vehicles, account for greenhouse gas emissions leakage 
that would be caused outside of the state of California by the ACC II proposal, or include a 
technology-neutral analysis of alternatives that could help meet the greenhouse gas 
reduction goals. Simply put, CARB’s ACC II proposal focuses on a complete transition to 
ZEVs without a full accounting of GHG emissions impacts, and without consideration of other 
vehicle technologies or a future role for renewable and other low carbon fuels. 


The current ACC II proposal takes a narrow approach to achieving the State’s GHG emission 
goals by setting a ZEV mandate, rather than setting performance-based emission targets. 
The alternatives analyzed in the Standardized Regulatory Impact Assessment (SRIA)5 and 
the Environmental Assessment (EA)6 for the proposed ACC II represent varying penetration 
rates for ZEV sales mandates for the 2026 through 2035 model years, and do not include a 
performance-based analysis of technology/fuel alternatives.  


Additionally, CARB has not conducted a full life cycle GHG analysis for the vehicle/fuel 
system to assess GHG emission impacts of their proposal and alternatives. CARB did not 
consider the upstream fuel cycle GHG emissions from out-of-state fuel production and 
transportation activities for California reformulated gasoline (CaRFG) and hydrogen (H2), and 
vehicle cycle GHG emissions associated with the vehicle production. These life cycle 
emissions are significant, particularly for battery electric vehicles (BEVs) as compared to 
internal combustion engine vehicles (ICEVs), due to the energy-intensive nature of producing 
a BEV battery. Failure to consider these GHG emissions has the effect of overstating the 
emissions benefits of the proposed ACC II regulation.  


 
4 California Air Resources Board (CARB). 2022. Appendix A-5: Proposed Regulation Order for Section 1962.4 


Zero-Emission Vehicle Standards for 2026 and Subsequent Model Year Passenger Cars and Light-Duty Trucks. 
April 12. Available at: https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf. 
Accessed: May 2022. 


5 CARB. 2022. Appendix C-1: Standardized Regulatory Impact Assessment (SRIA). April 12. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf. Accessed: May 2022.  


6 CARB. 2022. Appendix E-1: Draft Environmental Analysis for the Proposed Advanced Clean Cars II Program. 
April 12. Available at: https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. 
Accessed: May 2022.  



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf
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1.2 Purpose of this Study 
The proposed ACC II regulation would prescribe a ZEV-centric pathway to achieve the State’s 
long-term climate goals through sales mandates. Ramboll conducted an analysis of 
California’s light-duty auto (LDA) fleet to evaluate alternative vehicle technology and fuel 
pathways that could achieve life cycle GHG emission reductions similar or greater than the 
ACC II proposal. Ramboll’s analysis approaches the State’s climate goals from an emission 
reduction or environmental performance perspective, rather than a technology mandate and 
a potential means to allow increased market flexibility. This analysis evaluates the life cycle 
impacts of ACC II to more fully characterize the potential near-term and long-term GHG 
emissions reductions of that proposal and considers alternative technology/fuel pathways 
that would not require an overhaul of the entire transportation infrastructure system. These 
alternative pathways would not require the wholesale transformation of energy production 
and distribution infrastructure on an unprecedented short time scale, but they would allow 
battery, hydrogen, and low carbon intensity gaseous and liquid fueled vehicles to potentially 
co-exist in a market to achieve the State’s GHG targets in the quickest and most cost-
effective manner.  


This white paper provides a summary of the methodology, results, and conclusions of 
Ramboll’s analysis.  
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2. MULTI-TECHNOLOGY SCENARIOS: LIGHT-DUTY 
VEHICLE FLEET EXAMPLE 
The CARB ACC II proposal would prescribe a sales mandate for ZEVs in the LDV fleet in order 
to meet California’s long-term climate goals. Table 2-1 below presents the proposed ZEV 
sales requirements for the statewide LDV fleet as contained in the draft ACC II regulation 
released on April 12, 2022. As shown in the table, the draft ACC II regulation requires 
manufacturers that produce and deliver LDVs for sale in California to meet increasing ZEV 
sales fractions from 35% in the 2026 model year, 68% in 2030, and 100% by the 2035 
model year and beyond. In the proposed ACC II regulation, CARB does not consider or 
assess other scenarios that could use a mix of alternative vehicle and fuel technologies to 
achieve the California’s long-term climate goals. 


Table 2-1. ZEV Sales Requirements in the Proposed ACC II Regulation7 


Model Year Percentage Requirement 


2026 35% 


2027 43% 


2028 51% 


2029 59% 


2030 68% 


2031 76% 


2032 82% 


2033 88% 


2034 94% 


2035 and subsequent 100% 


 
Ramboll’s analysis presented in this report evaluates the potential GHG emission benefits for 
a series of technology and fuel scenarios for a subset of the statewide LDV fleet consisting of 
light-duty autos (LDAs)8 from calendar year 2026 through 2050. Specifically, Ramboll’s 
scenario analysis considers gasoline-fueled ICEVs, BEVs, plug-in hybrid electric vehicles 
(PHEVs), hybrid electric vehicles (HEVs), and fuel cell electric vehicles (FCEVs).9 Additional 
information on each of the vehicle technologies considered in this analysis is presented in 
Section 3.1. The purpose of this analysis is to evaluate if there are alternative vehicle/fuel 


 
7  CARB. 2022. Appendix A-5: Proposed Regulation Order for Section 1962.4 Zero-Emission Vehicle Standards for 


2026 and Subsequent Model Year Passenger Cars and Light-Duty Trucks. April 12. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf. Accessed: May 2022.  


8 LDVs subject to ACC II ZEV sales requirements include the LDA, LDT1, and LDT2 vehicle classes in EMFAC2021. 
Only the LDA vehicle class is considered in Ramboll’s analysis. 


9 Natural gas vehicles are excluded as they are not included in the default EMFAC2021 LDA fleet. Diesel vehicles 
are not included in this analysis because they comprise less than 0.3% of the total LDA population in 
EMFAC2021.  



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf
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technology pathways besides CARB’s ACC II proposal that could achieve life cycle GHG 
emission reductions similar or greater than the ACC II proposal and meet the State’s 
long-term climate goals. Because CARB does not provide a breakdown between the classes 
of LDVs included in the ACC II proposal, Ramboll’s analysis of the proposed ACC II scenarios 
assumes the sales mandates and other requirements (e.g., range requirements, battery 
warranty, etc.) for LDVs in the ACC II proposal apply to LDAs. Additionally, because the ZEV 
sales mandates in the ACC II proposal can be met with a combination of PHEVs, BEVs and 
FCEVs, Ramboll’s analysis considers several scenarios to outline the range of potential fleet 
mixes allowable under the proposed ACC II regulation.  


A brief description of the analyzed scenarios is presented below. Figure 2-1 and Figure 2-2 
present new vehicle sales fractions by model year while Figure 2-3 and Figure 2-4 show 
the resulting fleet mix. Figure 2-5 through Figure 2-7 presents the resulting fuel usage for 
these scenarios. A detailed matrix of all scenarios can be found in Appendix A. 


• S0 – ACC I: This scenario serves as the baseline and is based on EMFAC2021 fleet mix 
defaults, which represents ACC I PHEV and BEV sales requirements. As shown in 
Figure 2-2, the fleet is comprised primarily of ICEVs, with a small but increasing 
percentage of PHEVs and BEVs. PHEVs and BEVs represent approximately 4% and 12% 
of new vehicle sales, respectively, for model years 2026-2050 (Figure 2-1). Note, in all 
scenarios, the existing sales fraction and population of PHEVs and BEVs in EMFAC2021 
defaults served as the minimum penetration of these vehicle technologies. Thus, while 
additional BEVs and/or PHEVs were added in some scenarios, only ICEVs in the 
EMFAC2021 default fleet were replaced with other vehicle types as applicable in each 
scenario.  


• S1 – Baseline ACC II Scenarios: In this set of scenarios, Ramboll evaluated multiple 
possible outcomes allowable under the proposed ACC II regulation to understand the 
range of potential emission reductions. 


− S1a – ACC II (BEV): This scenario assumes that any additional ZEVs sales beyond 
those (BEVs and PHEVs) in the S0-ACC I Scenario that are needed to meet the ZEV 
sales requirements in the draft ACC II proposal are met with BEVs. 


− S1b – ACC II (BEV + PHEV): This scenario assumes that the ZEV sales needed to 
meet the ZEV sales requirements in the draft ACC II proposal are met with the 
maximum allowable fraction of PHEVs (20% of ZEV sales requirement) and BEVs 
(80% of ZEV sales requirement). 


− S1c – ACC II (CARB SRIA): This scenario assumes that the ZEV sales needed to 
meet the draft ACC II proposal are met with combination of PHEVs, BEVs, and FCEVs 
as noted in the CARB’s SRIA for the ACC II proposal. 


− S1d – ACC II (FCEV): This scenario assumes that any additional ZEVs sales beyond 
those (BEVs and PHEVs) in the S0-ACC I Scenario that are needed to meet the ZEV 
sales requirements in the draft ACC II proposal are met with FCEVs. The carbon 
intensity (CI) of hydrogen fuel used to power FCEVs in this scenario was developed 
based on the feedstock projections in CARB’s SRIA for the ACC II proposal. Refer to 
Section 3.2.4 for further discussion of hydrogen pathways. 


▪ S1d-1 – ACC II (FCEV) + AB32 H2: This sensitivity scenario is identical to 
scenario S1d – ACC II (FCEV) with the following exception: the CI for hydrogen 
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fuel used to power FCEVs was developed based on the assumptions in the 
Assembly Bill (AB) 32 Source Emissions Initial Modeling Results10 (“AB 32 Initial 
Modeling”) for the draft 2022 Scoping Plan Update.  


• S2 – Alternative Scenarios Part 1: In this set of scenarios, Ramboll evaluated 
alternatives to the draft ACC II proposal where the ZEV sales requirements are met with 
PHEVs or HEVs instead of BEVs and FCEVs. Some of these scenarios also include the 
phase-in of a lower CI renewable drop-in fuel (“low-CI gasoline”) used as a replacement 
for CaRFG that is used to fuel internal combustion engines (ICEs) in ICEVs, PHEVs, and 
HEVs. The carbon intensity of low-CI gasoline analyzed in these scenarios is 19g CO2e/MJ 
(see Section 3.2.2 for further discussion of low-CI gasoline). 


− S2a – PHEV: This scenario assumes that any additional ZEVs sales beyond those 
(BEVs and PHEVs) in the S0-ACC I Scenario that are needed to meet the ZEV sales 
requirements in the draft ACC II proposal are met with PHEVs. 


− S2b – PHEV + Low-CI Gas: This vehicle fleet mix for this scenario is identical to 
scenario S2a – PHEV. However, it also includes the gradual phase-in of low-CI 
gasoline (see orange area in Figure 2-6) beginning as a replacement of 1% of 
CaRFG in 2026 and increasing to a replacement of 30% and 100% of CaRFG by 2035 
and 2050 respectively.  


− S2c – HEV + Low-CI Gas: This scenario assumes that any additional ZEVs sales 
beyond those (BEVs and PHEVs) in the S0-ACC I Scenario that are needed to meet 
the ZEV sales requirements in the draft ACC II proposal are met with all HEVs. It 
also includes a phase-in of low-CI gasoline (see orange area in Figure 2-6) 
beginning as a replacement of 2% of CaRFG in 2026 and increasing to a replacement 
of 35% and 100% of CaRFG by 2035 and 2050 respectively.  


• S3 – Alternative Scenarios Part 2: In this set of scenarios, Ramboll utilized the same 
vehicle fleet mix as scenario S0 – ACC I along with a phase-in of low-CI gasoline as a 
replacement for CaRFG that is used to power internal combustion engines in the 
analyzed LDAs. The scenarios considered under S3 evaluate a range carbon intensities 
and phase in timetables for low-CI gasoline.  


− S3a – Low-CI Gas: This scenario analyzes the same vehicle fleet mix as S0 – ACC I 
with a gradual phase-in of low-CI gasoline (see orange area in Figure 2-6) 
beginning as a replacement of 1% of CaRFG in 2026 and increasing to a replacement 
of 45% and 100% of CaRFG by 2035 and 2050 respectively. The CI of the low-CI 
gasoline used in this scenario is 19 g CO2e/MJ (see Section 3.2.2 for further 
discussion of low-CI gasoline). 


▪ S3a-1 – Low-CI Gas (Upper Range): This sensitivity scenario is identical to 
scenario S3a – Low CI Gas with the following exception: the carbon intensity of 
the low-CI gasoline is increased by 10 g CO2e/MJ to 29 g CO2e/MJ.  


 
10 Energy + Environmental Economics (E3). 2022. AB 32 Initial Model Results. March 15. Available at: 


https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf
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▪ S3a-2 – Low-CI Gas (Lower Range): This sensitivity scenario is identical to 
scenario S3a – Low-CI Gas with the following exception: the carbon intensity of 
the low-CI gasoline is reduced by 10 g CO2e/MJ to 9 g CO2e/MJ.  


− S3b – Low-CI Gas (Delayed): This scenario is identical to scenario 3a with the 
following exception: the phase in of low-CI gasoline is delayed and occurs more 
slowly from 2026-2035 (replacement of 1% to 20% of CaRFG from 2026-2035) but 
increases rapidly from 2035-2040 (replacement of 97% and 100% of CaRFG by 2045 
and 2050 respectively), as compared with scenario 3a (see orange area in 
Figure 2-6). 


• S4 – Alternative Scenarios Part 3: In this set of scenarios, Ramboll evaluated various 
vehicle fleet mixes that utilize a combination of HEVs, PHEVs, BEVs, and/or FCEVs along 
with a gradual phase-in of low-CI gasoline as a replacement for CaRFG that is used to 
power ICEs in the analyzed LDA fleet.  


− S4a – Custom Fleet Mix 1: This scenario evaluates a custom fleet mix (see 
Figure 2-4) that assumes early implementation of HEVs from 2026-2035, with HEV 
sales declining after 2035 (see green area in Figure 2-2). PHEV sales increase by 
1% per year from 2026-2040 and 2% per year thereafter (see gold area in 
Figure 2-2). BEV sales increase by 1% per year from 2030-2044 and 2% per year 
thereafter (see blue area in Figure 2-2). This scenario also includes a phase-in of 
low-CI gasoline (CI of 19 g CO2e/MJ) beginning as a replacement of 2% of CaRFG in 
2026 and increasing to a replacement of 100% of CaRFG by 2050 (see orange area 
in Figure 2-6). 


− S4b – Custom Fleet Mix 2: This scenario evaluates a custom fleet mix (see 
Figure 2-4) similar to S4a – Custom Fleet Mix 1, but with aggressive early 
implementation of HEVs from 2026-2035 and HEV sales declining after 2035 (see 
green area in Figure 2-2). PHEV sales increase by 1% per year from 2028-2031, 
stay constant from 2031-2035, increase by 2% per year from 2036-2039, increase 
by 4% per year in 2040 and 2041, and then stay constant at 39% from 2042 and 
thereafter (see gold area in Figure 2-2). Phase-in of additional BEVs is delayed until 
2036, beginning at 7% in 2036 and increasing by 1% per year from 2036-2041. 
Additional BEV sales then increase by 3.5% per year until 2046 and remain constant 
thereafter at 42% (see blue area in Figure 2-2). This scenario also includes a 
phase-in of low-CI gasoline (CI of 19 g CO2e/MJ) beginning as a replacement of 2% 
of CaRFG in 2026 and increasing to a replacement of 100% of CaRFG by 2050 (see 
orange area in Figure 2-7). 


− S4c – Custom Fleet Mix 3: This scenario evaluates a custom fleet mix (see 
Figure 2-4) similar to scenario S4a - Custom Fleet Mix 1, but with more FCEVs and 
less BEVs. Specifically, HEV and PHEV implementation is the same as scenario 4a 
(see green and gold areas in Figure 2-2), while BEV sales increase by only 0.5% per 
year from 2031-2044 and 1.5% per year thereafter (see blue area in Figure 2-2). 
FCEV sales start at 1% in 2030 and increase by 0.5% per year thereafter (see purple 
area in Figure 2-2). This scenario also includes a phase-in of low-CI gasoline (CI of 
19 g CO2e/MJ) beginning as a replacement of 2% of CaRFG in 2026 and increasing to 
a replacement of 100% of CaRFG by 2050 (see orange area in Figure 2-7). Similar 
to scenario S1d – ACC II (FCEV), the carbon intensity (CI) of hydrogen fuel used to 
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power FCEVs in this scenario was developed based on the feedstock projections in 
CARB’s SRIA for the ACC II proposal. Refer to Section 3.2.4 for further discussion of 
hydrogen pathways. 
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Figure 2-1. LDA New Vehicle Sales Fractions for Scenarios 0, 1a, 1b, 1c, 1d, and 2a 
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Figure 2-2. LDA New Vehicle Sales Fractions for Scenarios 2b, 2c, 3a, 4a, 4b, and 4c 
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Figure 2-3. LDA Fleet Mixes for Scenarios 0, 1a, 1b, 1c, 1d, and 2a 


 







 Multi-Technology Pathways to Achieve 
 California Greenhouse Gas Goals 
 Light-Duty Auto Case Study 


 11 
 


Multi-Technology Scenarios: Light-Duty Vehicle FLEET Example Ramboll 


Figure 2-4. LDA Fleet Mixes for Scenarios 2b, 2c, 3a, 3b, 4a, 4b, and 4c 


 







 Multi-Technology Pathways to Achieve 
 California Greenhouse Gas Goals 
 Light-Duty Auto Case Study 


 12 
 


Multi-Technology Scenarios: Light-Duty Vehicle FLEET Example Ramboll 


Figure 2-5. Fuel Usage Fractions for Scenarios 0, 1a, 1b, 1c, 1d, and 1d-1
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Figure 2-6. Fuel Usage Fractions for Scenarios 2a, 2b, 2c, 3a, 3b, and 4a 
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Figure 2-7. Fuel Usage Fractions for Scenarios 4b and 4c 
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3. SCENARIO ANALYSIS METHODOLOGY 
An accurate assessment of future vehicle/fuel technology pathways requires full life cycle 
emissions analysis, including fuel cycle emissions and vehicle cycle emissions. The vehicle 
cycle analysis includes emissions associated with vehicle material recovery and production, 
vehicle component fabrication, vehicle assembly, and vehicle disposal and recycling, while 
the fuel cycle analysis considers energy use and emissions associated with fuel production 
and distribution activities as well as energy use and emissions associated with vehicle 
operation.11,12 The various processes included in the fuel cycle and vehicle cycle are 
represented in Figure 3-1 below. 


Figure 3-1. Fuel Cycle and Vehicle Cycle Emissions Representation in the GREET 
Model13 


 


 
11 P. Moon, A. Burnham, M. Wang. 2006. “Vehicle-Cycle Energy and Emission Effects of Conventional and 


Advanced Vehicles (abstract)”. April 3. Available here: https://greet.es.anl.gov/publication-hkjun004. Accessed: 
May 2022. 


12 USEPA. Lifecycle Analysis of Greenhouse Gas Emissions under the Renewable Fuel Standard. Available at: 
https://www.epa.gov/renewable-fuel-standard-program/lifecycle-analysis-greenhouse-gas-emissions-under-
renewable-fuel. Accessed: May 2022.  


13 ANL. 2021. Greenhouse gases, Regulated Emissions, and Energy use in Technologies model. Available at: 
https://greet.es.anl.gov/. Accessed: May 2022. 



https://greet.es.anl.gov/publication-hkjun004

https://www.epa.gov/renewable-fuel-standard-program/lifecycle-analysis-greenhouse-gas-emissions-under-renewable-fuel

https://www.epa.gov/renewable-fuel-standard-program/lifecycle-analysis-greenhouse-gas-emissions-under-renewable-fuel

https://greet.es.anl.gov/
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The following sections provide a high-level description of the methodology used for Ramboll’s 
scenario analysis. Detailed modeling inputs, outputs, and methodology are provided in 
Appendix A. 


3.1 Vehicle Technologies 
Several LDA vehicle technologies are considered in Ramboll’s analysis, as described in the 
following sections. Of these vehicle technologies, ICEVs, PHEVs, and BEVs are present in the 
EMFAC2021 default fleet mix for LDAs while FCEVs and HEVs are not. As described 
previously, LDAs fueled by diesel and natural gas are not included in this analysis.14 


3.1.1 Internal Combustion Engine Vehicles 
ICEVs are vehicles that use only an internal combustion engine to attain propulsion power. 
As described previously, only gasoline-fueled ICEVs are considered in this analysis. ICEVs 
comprise the majority of the LDA fleet in the EMFAC2021 default fleet mix and are replaced 
to varying degrees with other vehicle technologies in the scenarios described in Section 2. 
Key data for ICEVs used to perform the analysis were derived from EMFAC2021.15 
Specifically, Ramboll used EMFAC2021 data to derive fuel economy, daily vehicle miles 
travelled (VMT) per vehicle, and tailpipe emission factors for ICEVs by model year for each 
calendar year. Fuel economy for ICEVs was determined using fuel consumption and VMT 
data from EMFAC2021 and vary by model year and calendar year, ranging from about 
18 miles per gallon (MPG) for the oldest vehicles to 35 MPG for the newest vehicles. 
Similarly, daily VMT per vehicle was calculated using VMT and population data from 
EMFAC2021 and ranges from 5 miles per vehicle per day for the oldest vehicles to 55 miles 
per vehicle per day for the newest vehicles. The methodology used to calculate tailpipe 
emissions is discussed in Section 3.3. See Appendix A (Tables A-8 through A-25) for 
ICEV fuel economy, tailpipe emission factors, and daily VMT per vehicle by model year for 
each calendar year considered in this analysis.  


Daily VMT per vehicle for ICEVs serves as the basis for calculating VMT for other vehicle 
technologies as ICEVs are replaced with PHEVs, BEVs, HEVs, or FCEVs in each scenario. 
Specifically, this analysis assumes that any vehicle technology replacing an ICEV travels the 
same number of miles per vehicle per day as the ICEV it is replacing, as determined from 
EMFAC2021. Thus, in each scenario, as ICEVs are replaced with other vehicle technologies, 
the population and corresponding VMT of ICEVs is reduced and allocated to the replacement 
vehicles in a one-to-one ratio.16 Similarly, Ramboll’s analysis assumes that the vehicle 
lifetime (i.e., retirement rate) for ICEVs obtained from EMFAC2021 remains the same for any 
replacement vehicle technology. Therefore, Ramboll’s analysis does not alter the total vehicle 


 
14 Natural gas vehicles are excluded as they are not included in the default EMFAC2021 LDA fleet. Diesel vehicles 


are not included in this analysis because they comprise less than 0.3% of the total LDA population in 
EMFAC2021.  


15 This analysis uses EMFAC2021 v1.0.1. A newer version of EMFAC2021 v1.0.2 was released on May 2, 2022 
(after completion of this analysis) that reflects the revocation of the Safe Affordable Fuel-Efficient or SAFE 
vehicles rule. While this update increases the fuel economy, methane (CH4), and nitrous oxide (N2O) tailpipe 
emission factors by <5% and <0.5% for 2025+ model year ICEVs and PHEVs, respectively, it does not change 
the overall conclusions of the analysis.  


16 For PHEVs replacing ICEVs, total VMT from the ICEV is allocated to eVMT and cVMT for the replacement PHEV 
according to the EMFAC2021 default split between eVMT and cVMT for the replacement vehicle. Additional details 
are provided in Section 3.1.3 and Appendix A. 
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population and VMT projections in EMFAC2021, even as vehicle technologies change in each 
scenario.  


3.1.2 Battery Electric Vehicles 
BEVs are vehicles that use energy from batteries to attain propulsion power. BEVs have 
larger batteries than PHEVs and HEVs and are plugged in and charged using electricity from 
the grid. BEVs have no ICE, do not use gasoline fuel, and have zero tailpipe emissions. BEVs 
comprise a small but increasing percentage of the EMFAC2021 default fleet mix and are the 
primary vehicle technology assumed to replace ICEVs under the proposed ACC II regulation. 
Fuel economy for BEVs was calculated using energy consumption and VMT data from 
EMFAC2021. Unlike fuel economy for ICEVs, which varies by model year and calendar year, 
fuel economy for all model year BEVs in EMFAC2021 is fixed at 0.386 kilowatt-hour per mile 
(kWh/mi) (~86 miles per gallon equivalent (MPGe))17 irrespective of the calendar year in 
which they operate. Although VMT per vehicle for BEVs is not used in this analysis because 
any BEV replacing a ICEV is assumed to travel the same number of miles as the ICEV it is 
replacing, EMFAC2021 assumes that BEVs generally travel a similar number of miles per 
vehicle per day as ICEVs.  


3.1.3 Plug-In Hybrid Electric Vehicles 
PHEVs are vehicles that use energy from a battery, an ICE fueled by gasoline, or a 
combination of the two to attain propulsion power. PHEVs have smaller batteries than BEVs 
but can operate solely on energy from the battery and can be plugged in and charged using 
electricity from the grid. PHEVs comprise a small but increasing percentage of the 
EMFAC2021 default fleet mix and are the only vehicle technology considered in this analysis 
that is capable of both electric-only trips and trips using an ICE.  


In order to account for the two potential operational modes of a PHEV (i.e., propulsion using 
only energy from the battery or propulsion with use of the ICE), total VMT in EMFAC2021 is 
resolved by combustion VMT (cVMT), for miles traveled by vehicles powered by an ICE, and 
electric VMT (eVMT), for miles traveled by vehicles powered by energy from a battery.18 
Similarly, EMFAC2021 accounts for electric energy consumption separate from gasoline fuel 
consumption. In EMFAC2021, eVMT is defined as miles traveled during a pure electricity 
powered trip, and energy consumption is determined based on only pure electric trips during 
which an ICE does not turn on.19 Thus, only PHEVs have both cVMT and eVMT and both 
energy consumption and fuel consumption in EMFAC2021. The remaining vehicle 
technologies in EMFAC2021 have either cVMT and fuel consumption (e.g., ICEVs), or eVMT 
and energy consumption (e.g., BEVs). Throughout this analysis, we utilize the term “fuel 


 
17 Non-liquid fuels, like electricity and hydrogen, are not measured in gallons, so using conversion factors allows 


them to be displayed on an energy-equivalent basis using the familiar MPG measurement. MPGe, or miles per 
gallon of gasoline equivalent, is calculated based on the energy content of gasoline, 119.53 MJ/gal for CARBOB, 
which is then converted to kWh to derive a conversion factor of 33.203 kilowatt-hours/gallon of gasoline 
equivalent. Available at: https://ww2.arb.ca.gov/sites/default/files/2022-05/quarterlysummary_043022.xlsx. 
Accessed: May 2022.  


18 CARB. 2021. EMFAC2021 Volume I – User’s Guide. January 15. Available at: 
https://ww2.arb.ca.gov/sites/default/files/2021-01/EMFAC202x_Users_Guide_01112021_final.pdf. Accessed: 
May 2022.  


19 CARB. 2021. EMFAC2021 Volume III Technical Document - Version 1.0.0. March 31. Available at: 
https://ww2.arb.ca.gov/sites/default/files/2021-03/emfac2021_volume_3_technical_document.pdf. Accessed: 
May 2022. 



https://ww2.arb.ca.gov/sites/default/files/2021-01/EMFAC202x_Users_Guide_01112021_final.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-03/emfac2021_volume_3_technical_document.pdf
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economy” as a fuel-neutral description of miles traveled per unit of fuel or energy consumed, 
whether the fuel is gasoline, hydrogen, or electricity. For example, fuel economies for all 
vehicles considered in this analysis are shown in Appendix A, Tables A-8, A-11, A-14, 
A-17, A-20, and A-23. 


Based on these distinctions, Ramboll used EMFAC2021 data to derive electric and gasoline 
fuel economy, and the split between eVMT and cVMT for PHEVs. Gasoline fuel economy was 
determined based on fuel consumption and cVMT while electric fuel economy was 
determined based on energy consumption and eVMT. Gasoline fuel economy values for 
PHEVs in EMFAC2021 vary by model year and calendar year, ranging from 23 MPG to 
29 MPG. In contrast, electric fuel economy values for PHEVs are constant in EMFAC2021 at 
0.302 kWh/mi (~110 MPGe) for all model years in all calendar years. For PHEVs, the split 
between eVMT and cVMT varies by model year and calendar year. The eVMT fraction of total 
VMT increases from 46% in the earlier model years to 59% in the later model years, while 
the cVMT fraction decreases from 54% to 41%. These percentages are used to allocate total 
VMT to eVMT and cVMT when a PHEV replaces a ICEV in the scenario analysis. Although total 
VMT per vehicle for PHEVs is not used in this analysis because any PHEV replacing a ICEV is 
assumed to travel the same number of miles as the ICEV it is replacing, EMFAC2021 data 
shows that PHEVs generally travel a similar number of miles per vehicle per day as ICEVs. 
The methodology used to estimate tailpipe emissions for PHEVs is discussed in Section 3.3. 
See Tables A-8 through A-25 in Appendix A for PHEV fuel economy, tailpipe emission 
factors, and eVMT and cVMT percentages.  


3.1.4 Hybrid Electric Vehicles (HEVs) 
HEVs operate similar to ICEVs and obtain propulsion power primarily from an ICE, but 
incorporate a small battery and electric motor to improve overall fuel economy. Unlike BEVs 
and PHEVs, HEVs are not able to be plugged in and charged using electricity from the grid, 
nor are they capable of electric-only trips. Because of these operational characteristics, HEVs 
were analyzed similar to ICEVs in this analysis. HEVs are not included in the EMFAC2021 
default fleet mix but were considered as replacements for ICEVs in some of the scenarios 
described in Section 2.  


Fuel economy for HEVs was calculated based on the fuel economy of ICEVs obtained from 
EMFAC2021 and the relative fuel economies of the average model year 2020 HEV and ICEV 
as obtained from the United States Environmental Protection Agency’s (USEPA’s) 2020 EPA 
Automotive Trends Report (“EPA Report”).20 The EPA Report shows that, as a production-
weighted average, hybrid cars had a fuel economy about 41% higher than the average 
non-hybrid car in model year (MY) 2020. This factor was assumed to remain constant in 
future years and was used to estimate fuel economies for MY 2026 to 2050 HEVs. Using this 
factor, HEVs are estimated to have gasoline fuel economies ranging from about 43 MPG to 
50 MPG. The methodology used to calculate tailpipe emissions for HEVs is discussed in 
Section 3.3 and HEV fuel economies are shown in Appendix A. 


 
20 United States Environmental Protection Agency (USEPA). 2021. The 2020 EPA Automotive Trends Report. EPA-


420-R-21-003. January. Available at: https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1010U68.pdf. Accessed: 
May 2022.  



https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1010U68.pdf
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3.1.5 Fuel Cell Electric Vehicles 
FCEVs use an electric propulsion system similar to that of BEVs but use an on-board fuel cell 
to convert energy stored as hydrogen to electricity rather than utilizing energy only from a 
battery. Thus, FCEVs are fueled with hydrogen stored in a tank on the vehicle. Similar to 
BEVs, FCEVs produce zero tailpipe emissions. FCEVs are not included in the EMFAC2021 
default fleet mix but were considered as replacements for ICEVs in some of the scenarios 
described in Section 2. Fuel economy for FCEVs was calculated based on the fuel economy 
of ICEVs and the Energy Economy Ratio (EER) of a FCEV relative to an ICEV. EERs are 
dimensionless values that represent the efficiency of a fuel as used in a powertrain as 
compared to a reference fuel used in the same powertrain. Ramboll used an EER of 2.5 
based on the value for a FCEV used as a replacement for a gasoline-fueled ICEV in 
light/medium-duty applications as reported in CARB’s LCFS Regulation.21 This EER was 
applied to ICEV fuel economies as described in Section 3.1.1 to determine FCEV fuel 
economies by model year and calendar year for MY 2026-2050 FCEVs. Using this 
methodology, FCEV energy economies range from about 0.366 to 0.374 kWh/mi (89 to 
91 MPGe) as shown in Appendix A.  


3.2 Fuel Cycle Emissions 
An accurate assessment of future vehicle/fuel technology pathways requires a complete 
fuel-cycle analysis, commonly called a well-to-wheels analysis. A well-to-wheels analysis 
considers energy use and emissions associated with fuel production and distribution activities 
(“well-to-tank” or “upstream”) as well as energy use and emissions associated with vehicle 
operation (“tank-to-wheels” or “tailpipe”) activities.22 The following sub-sections describes 
the methodology used to estimate upstream and tailpipe emissions for the vehicle/fuel 
technologies that are considered in this analysis. 


3.2.1 Upstream (Well-to-Tank) Emissions 
Upstream emissions are generated from feedstock-related processes (recovery, processing, 
storage, and transportation of feedstocks) and fuel-related processes (production, 
transportation, storage, and distribution of fuels).23  


Ramboll estimated well-to-tank GHG emission factors for each analyzed fuel type (CaRFG, 
low-CI gasoline, electricity, and hydrogen) using carbon intensities obtained from the 
CA-GREET3.0 model,24 LCFS Lookup Pathways Tables,25 LCFS Quarterly Summary data,26 


 
21 CARB. 2020. Unofficial Electronic Version of the Low Carbon Fuel Standard. May 27. Available at: 


https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf. 
Accessed: May 2022. 


22 Brinkman, Norman, Michael Wang, Trudy Weber, and Thomas Darlington. 2005. Well-to-Wheels Analysis of 
Advanced Fuel/Vehicle Systems – A North American Study of Energy Use, Greenhouse Gas Emissions, and 
Criteria Pollutant Emissions. May. Available at: https://greet.es.anl.gov/files/4mz3q5dw. Accessed: May 2022. 


23 Ibid. 
24 CA-GREET 3.0 Model. Available at: https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-corrected.xlsm. 


Accessed: January 2021. 
25 CARB. 2018. CA-GREET3.0 Lookup Table Pathways Technical Support Documentation. August 13. Available at: 


https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf. Accessed: May 2022. 
26 CARB. LCFS Quarterly Summaries. Available at: https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-


standard-reporting-tool-quarterly-summaries. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf

https://greet.es.anl.gov/files/4mz3q5dw

https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-corrected.xlsm

https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf

https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-standard-reporting-tool-quarterly-summaries

https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-standard-reporting-tool-quarterly-summaries
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and assumptions used in CARB’s ACC II SRIA,27 and AB 32 Initial Modeling.28 Upstream GHG 
emission factors are typically represented as carbon intensities, i.e., the mass of GHG 
emissions in carbon dioxide equivalent (CO2e) per unit of energy consumed in mega joules 
(MJ) for each fuel type. Carbon intensities for all fuel pathways considered in this analysis 
with and without EER adjustment are shown in Figure 3-2 and Figure 3-3 respectively. 
Additional details on the methodology used to estimate upstream GHG emission factors or 
CIs are provided in Sections 3.2.1.1 through 3.2.1.4. 


Ramboll estimated the total upstream GHG emissions for each analysis year in each modeled 
scenario as a sum-product the upstream CI for each fuel type (Figure 3-2) and the total 
amount of each fuel consumed for each fuel type across all vehicle technologies 
(Tables A-26 through A-91 in Appendix A). The total amount of each fuel consumed was 
calculated using the VMT and fuel economy of the vehicle technologies included in each 
scenario. Fuel economies and VMT are determined as described in Section 3.1. This 
methodology accounts for the differences in EER between vehicle technologies because the 
conventional gasoline fuel energy derived from EMFAC2021 for the proportion of ICEVs 
replaced by other vehicle technologies was adjusted by the relative fuel economy of the 
replacement vehicles. 


Figure 3-2. Upstream (EER-unadjusted) GHG Emission Factors by Fuel Type 


 


  


 
27 CARB. 2022. Appendix C-1: Standardized Regulatory Impact Assessment (SRIA). April 12. Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf. Accessed: May 2022.  
28 E3. 2022. AB 32 Initial Model Results. March 15. Available at: https://ww2.arb.ca.gov/sites/default/files/2022-


03/SP22-Model-Results-E3-ppt.pdf. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf
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Figure 3-3. Upstream (EER-adjusted) GHG Emission Factors by Fuel Type 


 
 
3.2.1.1 California Reformulated Gasoline 


Ramboll estimated the upstream CI of CaRFG as an energy-weighted average value of the 
upstream CIs of the two components that make up CaRFG: California reformulated gasoline 
blendstock for oxygenate blending (CARBOB), and ethanol.  


The upstream CI values used in this calculation include: 


• 26.9 g CO2e/MJ for CARBOB obtained from the CA-GREET3.0 Lookup Table Pathways,29 
and 


• 59.8 g CO2e/MJ for ethanol calculated as an average of the ethanol CIs available in the 
LCFS Quarterly Reports30 for the most recent period (2020 Q1 to 2021 Q3) at the time of 
this analysis.  


The blend ratio applied to these CI values to obtain a CI of 29.1 g CO2e/MJ for CaRFG is 
6.61% ethanol and 93.39% CARBOB on an energy basis, which is consistent with the 9.5% 
ethanol blend by volume assumed in the GREET model.31  


 
29 CARB. 2018. CA-GREET3.0 Lookup Table Pathways Technical Support Documentation. August 13. Available at: 


https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf. Accessed: May 2022. 
30 CARB. LCFS Quarterly Summaries. Available at: https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-


standard-reporting-tool-quarterly-summaries. Accessed: May 2022. 
31 CA-GREET3.0 Model. Available here: https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-


corrected.xlsm?_ga=2.255823756.582239942.1645477627-990540269.1603987774. Accessed: May 2022. 
Available under the tab ‘Petroleum’ under ‘Energy % Ethanol in CaRFG’. 



https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf

https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-standard-reporting-tool-quarterly-summaries

https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-standard-reporting-tool-quarterly-summaries

https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-corrected.xlsm?_ga=2.255823756.582239942.1645477627-990540269.1603987774

https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-corrected.xlsm?_ga=2.255823756.582239942.1645477627-990540269.1603987774
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Finally, Ramboll estimated the upstream GHG emissions for CaRFG consumed by LDVs in 
each scenario using this CI value and the total consumption of CaRFG across all vehicle 
technologies in each analysis year.  


3.2.1.2 Low-CI Gasoline 
To estimate a carbon intensity for the low-CI gasoline considered in this analysis, a review of 
currently available and documented carbon intensities for low-CI renewable gasoline drop-in 
fuels was performed, as documented in Table 3-1. Sources for low-CI drop-in renewable 
gasoline fuels included the USEPA lifecycle GHG results, LCFS fuel pathways, Argonne 
National Laboratory (ANL) state-of-technology research, CARB-driven research, and a 
research paper published by the University of Chicago ANL. While the research yielded 
multiple pathways that spanned both renewable gasoline (e.g., bio-based feedstocks) as well 
as lower-CI gasoline alternatives, we chose to represent them as a single category due to 
their similar function as a drop-in replacement fuel. The average of these values was taken 
in order to find a representative carbon intensity for the low-CI gasoline fuel considered in 
this analysis, resulting in a CI of 19.0 g CO2e/MJ, which is about 35% lower than the 
upstream CI for CaRFG.  


Upstream GHG emissions associated with the use of low-CI gasoline in LDAs with ICEs for 
Scenarios S2b - PHEV + Low -CI Gas, S2c – HEV + Low-CI Gas, S3a – Low-CI Gas, S3b – 
Low-CI Gas (Delayed) and Custom Fleet Mix scenarios (S4a, S4b, and S4c) were calculated 
using this CI value of 19 g CO2e/MJ and the total consumption of low-CI gasoline across all 
vehicle technologies in each analysis year. 


In order to understand the impact of this carbon intensity on upstream and life cycle 
emissions, we also considered two sensitivity scenarios:  


• Scenario 3a-1 – Low-CI Gas (Upper Range): For this scenario the low-CI gasoline CI was 
increased by 10 g CO2e/MJ to 29 g CO2e/MJ. This value is similar to the upstream CI for 
CaRFG.  


• Scenario 3a-2 – Low CI-Gas (Lower Range): For this scenario the low-CI gasoline CI was 
reduced by 10 g CO2e/MJ to 9 g CO2e/MJ. This value is about 69% lower than the 
upstream CI for CaRFG.  
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Table 3-1. Low-CI Fuel Carbon Intensity Summary 


Reference Process Feedstock 
Upstream CI 
(g CO2e/MJ) 


USEPA Lifecycle GHG Results1 Direct biochemical fermentation Cellulose from corn stover -29.0 


USEPA Lifecycle GHG Results1 Catalytic pyrolysis and upgrading Cellulose from corn stover 28.7 


USEPA Lifecycle GHG Results1 Biochemical fermentation and upgrading Cellulose from corn stover 30.6 


LCFS Fuel Pathways2 Pyrolysis Forest residue [transport by rail] 21.2 


LCFS Fuel Pathways2 Pyrolysis Forest residue [transport by truck] 26.1 


ANL state-of-technology 
research3 Ex Situ Catalytic Fast Pyrolysis Woody biomass 20.7 


Biofuel Supply Module4 Pyrolysis Cellulosic 8.1 


Biofuel Supply Module4 Pyrolysis Wood 24.7 


University of Chicago ANL 
Research Paper5 Fischer-Tropsch Fuel Synthesis 


Solar/Nuclear/Wind Energy for Hydrogen 
and Corn Ethanol Production for CO2 37.1 


Average Carbon Intensity 19.0 


References: 
1  EPA. 2016. Lifecycle Greenhouse Gas Results. Available here: https://www.epa.gov/fuels-registration-reporting-and-compliance-help/lifecycle-greenhouse-


gas-results. Accessed: May 2022. 
2  CARB. 2022. LCFS Current Pathways. Available here: https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/fuelpathways/currentpathways_all.xlsx. 


Accessed: May 2022. 
3  Argonne National Laboratory. 2021. Supply chain sustainability analysis of renewable hydrocarbon fuels- update of the 2020 state-of-technology cases. 


Available here: https://greet.es.anl.gov/publication-2020_update_renewable_hc_fuel. Accessed: May 2022. 
4  CARB. 2016. Biofuels Supply Module. Available here: https://www.arb.ca.gov/cc/scopingplan/meetings/090716/bfsmv83b.zip. Accessed: May 2022. 
5 University of Chicago. 2021. Life Cycle Analysis of Electrofuels: Fischer–Tropsch Fuel Production from Hydrogen and Corn Ethanol Byproduct CO2. Available 


here: https://pubs.acs.org/doi/10.1021/acs.est.0c05893. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/fuelpathways/currentpathways_all.xlsx

https://greet.es.anl.gov/publication-2020_update_renewable_hc_fuel

https://pubs.acs.org/doi/10.1021/acs.est.0c05893
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3.2.1.3 Electricity 
Ramboll estimated upstream GHG emissions associated with the production and distribution 
of electricity consumed by PHEVs and BEVs in each modeled scenario using emission factors 
obtained from the CA-GREET 3.0 model.32 Developed from Argonne National Laboratory’s 
GREET 2016 model,33 the CA-GREET 3.0 model is used by CARB to calculate well-to-wheel 
emissions from transportation fuels under the California LCFS Program. Hence, use of this 
model to estimate upstream emissions is consistent with the CARB methodologies. 


For purposes of this analysis, Ramboll adjusted the electricity grid mix inputs to the 
CA-GREET 3.0 model based on California Energy Commission (CEC) projections for each of 
the modeled calendar years 2026, 2030, 2035, 2040, 2045, and 2050.34 Further details 
regarding CA-GREET 3.0 model inputs and outputs can be found in Appendix A. 


As shown in Figure 3-2, the electricity CI values estimated using CA-GREET 3.0 decrease 
from 65.3 g CO2e/MJ in 2026 to 11.1 g CO2e/MJ in 2050. Once adjusted for the differences in 
the efficiency of electricity in BEVs as compared to gasoline-fueled ICEVs, the electricity CI 
values range from 27.6 g CO2e/MJ of gasoline displaced (5.1% lower than that for CaRFG) in 
2026 to 4.7 g CO2e/MJ of gasoline displaced (83.9% lower than that for CaRFG) in 2050 
(Figure 3-3).  


3.2.1.4 Hydrogen 
The methodology used to derive the carbon intensity for the hydrogen fuel pathways 
modeled in this analysis are described in the following sub-sections.  


CARB SRIA Hydrogen  


Ramboll assumed that 40% of the hydrogen for the CARB SRIA H2 fuel pathway would come 
from renewable feedstocks and the remaining 60% from fossil feedstocks based on the 
methodology used in the SRIA for the proposed ACC II35 and discussions with CARB ACC II 
staff.36 The fossil feedstock for hydrogen is assumed to be fossil natural gas which is 
processed via a steam methane reformation (SMR) process to produce Fossil Hydrogen per 


 
32 CARB. 2019. CA-GREET3.0 Model - Current Version: Effective January 4, 2019 (released August 13, 2018). 


Available at: https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-
corrected.xlsm?_ga=2.203396115.367263062.1651770761-1504446328.1547148412. Accessed: May 2022.  


33 Available at: https://greet.es.anl.gov/publication-greet-model. Accessed: January 2021. 
34 CEC 2018. Deep Decarbonization in a High Renewables Future - Implications for Renewable Integration and 


Electric System Flexibility, Docket 18-IEPR-06 - 223869, Slide 10. Available at: 
https://efiling.energy.ca.gov/GetDocument.aspx?tn=223869&DocumentContentId=54081. Accessed: January 
2021. 


35 CARB. 2022. Appendix C-1: Standardized Regulatory Impact Assessment (SRIA). April 12. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf. Accessed: May 2022.  


36 Based on e-mail communication between S. Moca, Ramboll US Consulting and CARB ACC II Staff on 
February 15, 2022. CARB staff indicated in their email that hydrogen fuel in the SRIA for the proposed ACC II 
consisted of 3 major blends of fuel types: fossil natural gas (NG) hydrogen, renewable hydrogen from renewable 
NG, renewable hydrogen from curtailments. CARB assumed that renewable hydrogen levels off at 40% of the 
total hydrogen used, and that renewable hydrogen gradually transitions from renewable NG hydrogen to 
renewable hydrogen from curtailments. CARB shared that this transition was modeled with a log function 
assuming a market share (%) of renewable hydrogen at specific time points which are 6% at 2020, 10% at 
2025, and 100% at 2045. Additionally, they shared that the renewable natural gas feedstock was assumed to be 
100% from landfill biogas. Lastly, for renewable hydrogen from curtailments, CARB staff assumed zero GHG 
emissions given transmission/distribution and refilling phases using renewable energy. 



https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-corrected.xlsm?_ga=2.203396115.367263062.1651770761-1504446328.1547148412

https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-corrected.xlsm?_ga=2.203396115.367263062.1651770761-1504446328.1547148412

https://greet.es.anl.gov/publication-greet-model

https://efiling.energy.ca.gov/GetDocument.aspx?tn=223869&DocumentContentId=54081

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf
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the 2020 Mobile Source Strategy37 and as cited in the SRIA. The renewable feedstock is 
assumed to be Landfill Biogas with hydrogen production via SMR (Landfill SMR Hydrogen) 
and electrolysis using curtailment electricity (Curtailment Electrolysis Hydrogen). 38 Based on 
correspondence with CARB ACC II staff, the transition of hydrogen production from landfill 
biogas to curtailment electricity was modeled with a log function assuming specific feedstock 
shares at three points in time: 6% at 2020, 10% at 2025, and 100% at 2045.39 The 
feedstock breakdown shown in Figure 3-4 below illustrates this transition. 


Figure 3-4: Feedstock Breakdown for CARB SRIA H240 


 
 


The upstream carbon intensity values for each feedstock were estimated as follows: 


• Fossil Hydrogen: A CI of 117.67 g CO2e/MJ for Fossil Hydrogen was obtained from the 
LCFS certified pathway for hydrogen production from SMR using fossil natural gas.41 


 
37 CARB. 2021. 2020 Mobile Source Strategy. October 28. Available here: 


https://ww2.arb.ca.gov/sites/default/files/2021-12/2020_Mobile_Source_Strategy.pdf. Accessed: May 2022. 
38 Curtailment is the reduction of output of a renewable resource below what it could have otherwise produced due 


to oversupply or other factors. Thus, the energy source for curtailment electrolysis hydrogen is envisioned to be 
electricity produced by an oversupply of a renewable resource. Reference: CAISO. 2017. Impacts of renewable 
energy on grid operations. Available here: https://www.caiso.com/documents/curtailmentfastfacts.pdf. 
Accessed: May 2022. 


39 Based on e-mail communications between S. Moca, Ramboll US Consulting and CARB ACC II Staff on 
February 15, 2022. 


40 Ibid. 
41 CARB. 2018. CA-GREET3.0 Lookup Table Pathways Technical Support Documentation. August 13. Available at: 


https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf. Accessed: May 2022. 
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Since the gaseous hydrogen compression and precooling processes in this pathway use 
California grid electricity, the CIs for Fossil Hydrogen SMR were adjusted over time to 
account for the increased renewables in the grid. Refer to Table A-6 in Appendix A for 
further details. 


• Landfill SMR Hydrogen: A CI of 99.48 g CO2e/MJ for Landfill SMR Hydrogen was obtained 
from the LCFS certified pathway for hydrogen production from SMR using landfill 
biogas.42 Since the gaseous hydrogen compression and precooling processes in this 
pathway use California grid electricity, the CIs for Landfill SMR were adjusted over time 
to account for the increased renewables in the grid. Refer to Table A-6 in Appendix A 
for further details. 


• Curtailment Electrolysis Hydrogen: It was assumed that Curtailment Electrolysis 
Hydrogen would have a CI of zero, as the hydrogen is produced by electrolysis using 
curtailment electricity.43 


The resulting CIs for the CARB SRIA Hydrogen are estimated as a feedstock weighted 
average of the CIs for the individual feedstocks (Fossil Hydrogen, Landfill SMR, and 
Curtailment Electrolysis) based on the feedstock breakdown shown in Figure 3-4 for each 
analysis year. As shown in Figure 3-2, these CIs reduce from 102.6 g CO2e/MJ in 2026 to 
64.8 g CO2e/MJ in 2050. Once adjusted for the for differences in the efficiency of electricity 
in FCEVs as compared to gasoline-fueled ICEVs, the CARB SRIA Hydrogen CI values range 
from 41.0 g CO2e/MJ of gasoline displaced (41% greater than that for CaRFG) in 2026 to 
25.9 g CO2e/MJ of gasoline displaced (11% lower than that for CaRFG) in 2050 
(Figure 3-3).  


AB32 Hydrogen 


The AB 32 Initial Modeling44 for the draft 2022 Scoping Plan Update assumes that 100% of 
hydrogen production in the future would come from renewable sources, with the primary 
hydrogen production pathway being electrolysis using electricity generated by solar 
photovoltaic systems (Solar Electrolysis Hydrogen). To evaluate how hydrogen from a 100% 
renewable feedstock (AB32 Hydrogen) would impact the GHG inventory for the draft ACC II 
proposal, Ramboll modeled sensitivity scenario S1d-1 – ACC II (FCEV) + AB32 H2 with this 
lower CI hydrogen. The following assumptions were used to develop the CI for AB32 
Hydrogen: 


• We assumed that AB32 Hydrogen would be a combination of hydrogen produced using 
the following pathways: Landfill SMR Hydrogen and Solar Electrolysis Hydrogen.  


• The methodology used to estimate the CI for Landfill SMR Hydrogen is described in 
Section 3.2.4.1. As noted in that section, this CI reduces over time to account for the 
increased renewables in the California grid electricity that is used in the hydrogen 
compression and precooling processes. Refer to Tables A-6 and A-7 for further details. 


 
42 Ibid. 
43 Based on e-mail communications between S. Moca, Ramboll US Consulting and CARB ACC II Staff on February 


15, 2022 
44 E3. 2022. CARB Draft Scoping Plan: AB32 Source Emissions Initial Modeling Results. March 15. Available at: 


https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf
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• The upstream CI for Solar Electrolysis Hydrogen was assumed to be zero, as hydrogen is 
produced using electrolysis with zero CI electricity that is generated by solar photovoltaic 
systems.  


• The volumes of Landfill SMR Hydrogen for the analysis years was assumed to not exceed 
the total renewable hydrogen volume (2,700,000 kg/year or 324,000,000 MJ/year) 
produced in 2021 per Annual Hydrogen Evaluation.45 The remaining hydrogen demand in 
each analysis year was assumed to be met by Solar Electrolysis Hydrogen. Refer to 
Table A-7 for further details. 


The resulting CIs for the AB32 Hydrogen were estimated as a feedstock weighted average of 
the CIs for the individual feedstocks (Landfill SMR and Solar Electrolysis) are shown in 
Figure 3-2 for each analysis year. These CIs reduce from 7.45 g CO2e/MJ in 2026 to less 
than 1 g CO2e/MJ in 2030 and beyond. Once adjusted for the for differences in the efficiency 
of electricity in FCEVs as compared to gasoline-fueled ICEVs, the AB32 Hydrogen CIs values 
are even lower, ranging from 2.98 g CO2e/MJ of gasoline displaced in 2026 to less than 0.5 g 
CO2e/MJ of gasoline displaced in 2030 and beyond (Figure 3-3). 


3.2.2 Tailpipe (Tank-to-Wheel) Emissions 
Tailpipe emissions (tank-to-wheel) are generated from fuel consumption during vehicle 
operation.46 Table 3-2 summarizes the assumptions used to estimate the tailpipe GHG 
emissions from various vehicle/fuel technologies that are included in this analysis. 


Table 3-2. Tailpipe Emission Assumptions 


Vehicle/Fuel Technology Tailpipe GHG  


ICEVs fueled by CaRFG Default EMFAC emission factors adjusted for the 
ethanol content of CaRFG 


ICEVs fueled by Low-CI Gasoline Zero tailpipe CO2 emissions, default EMFAC 
emission factors for CH4 and N2O emissions 


PHEVs fueled by CaRFG and Electricity cVMT: Default EMFAC emission factors adjusted for 
the ethanol content of CaRFG 


eVMT: Zero GHG tailpipe emissions 


PHEVs fueled by Low-CI Gasoline and Electricity cVMT: Zero tailpipe CO2 emissions, default EMFAC 
emission factors for CH4 and N2O emissions 


eVMT: Zero GHG tailpipe emissions 


HEVs fueled by CaRFG Default EMFAC emission factors for ICEVs adjusted 
for the fuel economy of HEVs and the ethanol 
content of CaRFG 


HEVs fueled by Low-CI Gasoline Zero tailpipe CO2 emissions, default EMFAC 
emission factors for CH4 and N2O emissions 


 
45 CARB. 2021 Annual Evaluation of Fuel Cell Electric Vehicle Deployment and Hydrogen Fuel Station Network 


Development. September. Available at: https://ww2.arb.ca.gov/sites/default/files/2021-09/2021_AB-
8_FINAL.pdf. Accessed: May 2022. 


46 Brinkman, Norman, Michael Wang, Trudy Weber, and Thomas Darlington. 2005. Well-to-Wheels Analysis of 
Advanced Fuel/Vehicle Systems – A North American Study of Energy Use, Greenhouse Gas Emissions, and 
Criteria Pollutant Emissions. May. Available at: https://greet.es.anl.gov/files/4mz3q5dw. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/2021-09/2021_AB-8_FINAL.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-09/2021_AB-8_FINAL.pdf

https://greet.es.anl.gov/files/4mz3q5dw
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Table 3-2. Tailpipe Emission Assumptions 


Vehicle/Fuel Technology Tailpipe GHG  


BEVs fueled by Electricity Zero GHG tailpipe emissions 


FCEVs fueled by Hydrogen Zero GHG tailpipe emissions 


 
Combustion of gasoline (CaRFG and Low-CI gasoline) in ICEs in ICEVs, PHEVs, and HEVs 
generate the following greenhouse gas emissions: carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O). Ramboll estimated tailpipe GHG emissions from gasoline fueled vehicle 
operation for each Scenario using data from EMFAC2021, as follows:  


• EMFAC202147,48 was queried at the statewide level for analysis years 2026, 2030, 2035, 
2040, 2045 and 2050 to obtain daily total GHG exhaust emissions and gasoline fuel 
consumption data for ICEV and PHEV LDAs by model year.  


• Tailpipe emission factors for CO2, CH4, and N2O in mass of emissions per unit of gasoline 
fuel consumed (e.g., tons/gal and tons/MJ) were calculated for ICEVs and PHEVs as a 
ratio of the total exhaust emissions to gasoline fuel consumption obtained from 
EMFAC202149 for each model year vehicle in each analysis year. Refer to Tables A-10, 
A-13, A-16, A-19, A-22, and A-25 in Appendix A for further details. 


• Tailpipe GHG emission factors in mass of emissions per unit of gasoline fuel consumed 
(e.g., tons/gal and tons/MJ) for HEVs are assumed to be the same as ICEVs because of 
their operating characteristics, as described in Section 3.1.4.  


• Tailpipe GHG emissions for ICEVs, PHEVs, and HEVs were then estimated using tailpipe 
GHG emission factors and the cVMT and gasoline fuel economies for these vehicle 
technologies in each Scenario (determined as described in Section 3.1). Specifically, 
gasoline fuel economies were used to calculate the average daily gasoline consumption 
for each vehicle type based on daily cVMT, and then the tailpipe emission factors for 
each vehicle type, were applied to the gasoline fuel consumption to estimate average 
daily tailpipe emissions of CO2, CH4, and N2O for ICEVs, PHEVs, and HEVs.  


• Total average daily tailpipe GHG emissions reported in units of carbon dioxide equivalent 
(CO2e) were calculated by applying the global warming potentials (GWPs) from the 
International Panel on Climate Change (IPCC) Fourth Assessment Report50 to the 
average daily emissions of CO2, CH4, and N2O.  


 
47 CARB. 2021. EMFAC2021 Database v1.0.1. Available at: https://arb.ca.gov/emfac/emissions-inventory. 


Accessed: January 2022. 
48 This analysis uses EMFAC2021 v1.0.1. A newer version of EMFAC2021 v1.0.2 was released on May 2, 2022 


(after completion of this analysis) that reflects the revocation of the Safe Affordable Fuel-Efficient or SAFE 
vehicles rule. While this update increases the fuel economy, methane (CH4), and nitrous oxide (N2O) tailpipe 
emission factors by <5% and <0.5% for 2025+ model year ICEVs and PHEVs, respectively, it does not change 
the overall conclusions of the analysis.  


49 Note, tailpipe emission factors for PHEVs are based only on fuel consumption, as energy consumption associated 
with pure electric trips has zero tailpipe emissions. 


50 Greenhouse Gas Protocol. Available at: https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-
Potential-Values%20%28Feb%2016%202016%29_1.pdf. Accessed January 2021. 



https://arb.ca.gov/emfac/emissions-inventory

https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_1.pdf

https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_1.pdf
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• These average daily GHG emissions are scaled up to annual GHG emissions based on 
347 days of operation per year for LDAs reported in EMFAC technical documentation.51  


• Finally, since the CO2 emissions generated by the combustion of the renewable ethanol 
content in CaRFG and Low-CI gasoline are considered biogenic, they are excluded from 
this analysis,52 using the following adjustments. 


− Adjustments for Tailpipe GHG Emissions Associated with CaRFG: EMFAC2021 
calculates tailpipe emissions assuming gasoline vehicles are fueled by CaRFG. 
However, while tailpipe CO2 emissions in EMFAC2021 account for the reduction in 
carbon content of CaRFG relative to CARBOB due to the 9.5 percent blend of ethanol 
by volume, CO2 emissions from the renewable ethanol fraction in CaRFG are still 
included in EMFAC2021 default outputs. Thus, in order to account for the elimination 
of CO2 emissions from the renewable ethanol content of CaRFG, Ramboll applied an 
emission reduction factor of 6.3 percent to all tailpipe CO2 emissions resulting from 
the use of CaRFG. The emission reduction factor was derived based the 9.5 percent 
volume fraction of ethanol in CaRFG and the carbon content of ethanol, CARBOB, and 
CaRFG, assuming renewable ethanol has zero CO2 tailpipe emissions. No 
adjustments were made to the tailpipe CH4 and N2O. 


− Adjustments for Tailpipe GHG Emissions Associated with Low-CI Gasoline: The 
low-CI gasoline included in this analysis is produced from renewable feedstocks 
(See Section 3.2.1.2) and tailpipe CO2 emissions associated with the combustion of 
this fuel are biogenic and set to zero. No adjustments were made to tailpipe CH4 and 
N2O emissions for Low-CI Gasoline use.  


Electricity consumption from batteries in PHEVs and BEVs does not produce tailpipe 
emissions. Hence, tailpipe GHG emissions for eVMT associated with PHEVs and BEVs was 
assumed to be zero. Similarly, hydrogen consumption in FCEVs does not generate GHG 
emissions, so tailpipe GHG emissions for FCEVs are assumed to be zero. Further details 
regarding tailpipe emission estimation methodology, including EMFAC2021 inputs and 
outputs, can be found in Appendix A.  


3.3 Vehicle Cycle Emissions 
Ramboll estimated vehicle cycle emissions using the Argonne National Laboratory (ANL) 
2021 Greenhouse gases, Regulated Emissions, and Energy use in Technologies (GREET) 
Model.53 GREET is a life cycle model developed by Argonne National Laboratory that 
evaluates the energy and environmental impacts of a range of vehicle technologies and 
transportation fuels, allowing users to model the effects of various vehicle-fuel type 


 
51 CARB. 2018. EMFAC 2017 Volume III – Technical Documentation. July 20. Available at: 


https://ww3.arb.ca.gov/msei/downloads/emfac2017-volume-iii-technical-documentation.pdf. Accessed: 
May 2022.  


52 This aligns CARB’s methodology for estimating the statewide GHG emission inventory, as noted in the 2021 
CARB Report on the California Greenhouse Gas Emissions for 2000 to 2019, which states that “carbon dioxide 
(CO2) emissions from biofuels (the biofuel components of fuel blends) are classified as “biogenic CO2”. They are 
tracked separately from the rest of the emissions in the inventory and are not included in the total emissions 
when comparing to California’s 2020 and 2030 GHG Limits.” Available at: 
https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2019/ghg_inventory_trends_00-
19.pdf?msclkid=9f56cab9d01611ec878dcdb49cca2c91. Accessed: May 2022.  


53 ANL. 2021. Greenhouse gases, Regulated Emissions, and Energy use in Technologies model. Available at: 
https://greet.es.anl.gov/. Accessed: May 2022. 



https://ww3.arb.ca.gov/msei/downloads/emfac2017-volume-iii-technical-documentation.pdf

https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2019/ghg_inventory_trends_00-19.pdf?msclkid=9f56cab9d01611ec878dcdb49cca2c91

https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2019/ghg_inventory_trends_00-19.pdf?msclkid=9f56cab9d01611ec878dcdb49cca2c91

https://greet.es.anl.gov/
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combinations. GREET 1 focuses on fuel life cycle impacts and estimates the energy 
consumption and emissions associated with fuel production (“well-to-tank”) and vehicle 
operation (“tank-to-wheel”). GREET 2 is the vehicle life cycle model and evaluates the 
energy and emission impacts associated with vehicle material recovery and production, 
vehicle component fabrication, vehicle assembly, and vehicle disposal/recycling.54 


3.3.1 Vehicle Cycle Emission Factors 
For this analysis, Ramboll used GREET 2 (and GREET 1 inputs as needed) to estimate vehicle 
life cycle emission factors for ICEV, HEV, BEV, and PHEV technologies. FCEVs were not 
included in the scope of Ramboll’s vehicle cycle emissions analysis.55 The vehicles are 
evaluated as model year 2026 passenger vehicles; while vehicle cycle emissions may 
decrease over time with the increase in the renewable content of the electricity used for 
vehicle production, we do not expect the reduction to significantly alter the results or 
conclusions of the study.  


Battery recycling for BEVs and PHEVs is not included in this assessment. This assumption is 
informed by current end-of-life recycling rate of <1% globally for lithium and rare earth 
minerals noted in the 2021 International Energy Association (IEA) Study on the Role of 
Critical Minerals in Clean Energy Transition.56 Furthermore, it is likely that the vast majority 
of batteries produced in the future would require virgin material given the significant 
increase in demand under a mass vehicle electrification scenario.  


The vehicle emission and electric grid mix data input to the model is based on the most 
current information available at the time of this study as the scope of this analysis does not 
include forecasting or projecting future energy demands from vehicle and battery 
manufacturing.  


The resulting vehicle cycle emission factors in metric tons of CO2e per vehicle for PHEVs, 
BEVs, HEVs, and ICEVs are shown in Figure 3-5. Additional details on the GREET model 
inputs used to estimate these emissions are described in the following sub-sections. 


  


 
54 ANL. 2021. GREET Model Platforms. Available at: https://greet.es.anl.gov/greet.models. Accessed: May 2022. 
55 FCEVs represented only a small fraction (<0.8%) of total 2020 ZEV sales and an even smaller fraction (<0.06%) 


of the total 2020 LDV sales in California. The vehicle material recovery and production, vehicle component 
fabrication, vehicle assembly, and vehicle disposal/recycling processes are still in the developmental stage, and 
it would be too speculative to estimate vehicle cycle emissions until the market for these vehicles mature. Sales 
data obtained from CEC data dashboard ‘New ZEV Sales in California’. Available here: 
https://www.energy.ca.gov/data-reports/energy-almanac/zero-emission-vehicle-and-infrastructure-
statistics/new-zev-sales. Accessed: May 2022. 


56 International Energy Agency (IEA). 2021. The Role of Critical Minerals in Clean Energy Transitions. May. 
Available at: https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-
transitions?msclkid=fa519918d01f11ecbcf188dc9fbbf9f2. Accessed: May 2022. 



https://greet.es.anl.gov/greet.models

https://www.energy.ca.gov/data-reports/energy-almanac/zero-emission-vehicle-and-infrastructure-statistics/new-zev-sales

https://www.energy.ca.gov/data-reports/energy-almanac/zero-emission-vehicle-and-infrastructure-statistics/new-zev-sales

https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions?msclkid=fa519918d01f11ecbcf188dc9fbbf9f2

https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions?msclkid=fa519918d01f11ecbcf188dc9fbbf9f2
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Figure 3-5: Vehicle Cycle and Battery Replacement GHG Emission Factors 


 


3.3.1.1 GREET Inputs for ICEVs and HEVs 
To model ICEVs and HEVs, Ramboll used default values in the GREET model for all vehicle 
production and assembly parameters except for the electricity mix used for material and fuel 
production. The US electric mix for stationary use in GREET 1 was updated with the 2020 
national electricity mix published by the EPA’s Emissions & Generation Resource Integrated 
Database (eGRID).57 Ramboll also updated the GREET 1 electric grid mixes for fuel 
production for non-US countries where vehicle and battery components are produced or 
assembled. These grid mixes were updated using most recent available data from the IEA.58 
A full matrix of all non-default GREET inputs can be found in Appendix A.  


3.3.1.2 GREET Inputs for BEVs and PHEVs 
For BEVs, Ramboll modeled a lithium-ion (Li-ion) battery with a nickel manganese cobalt 
(NMC 622) cathode material, which per a 2021 study from the International Council on Clean 
Transportation (ICCT) is the most common cathode material used in BEVs globally.59 The 
Li-ion peak battery energy for BEVs is modeled as 81 kWh. This value was calculated as a 
product of BEV fuel economy, range, and charge utilization. The fuel economy is 
2.59-mi/kWh based on EMFAC2021 data (described in Section 3.1.2), the range is 


 
57 EPA. 2022. eGRID Summary Tables 2020. January 27. Available here: https://www.epa.gov/egrid/summary-


data. Accessed: May 2022. 
58 IEA. 2022. Countries and regions. Available at: https://www.iea.org/countries. Accessed: May 2022. 
59 ICCT. 2021. A Global Comparison of The Life-Cycle Greenhouse Gas Emissions Of Combustion Engine And 


Electric Passenger Cars. Available here: https://theicct.org/publication/a-global-comparison-of-the-life-cycle-
greenhouse-gas-emissions-of-combustion-engine-and-electric-passenger-cars/. Accessed: May 2022. 



https://www.epa.gov/egrid/summary-data

https://www.epa.gov/egrid/summary-data

https://www.iea.org/countries

https://theicct.org/publication/a-global-comparison-of-the-life-cycle-greenhouse-gas-emissions-of-combustion-engine-and-electric-passenger-cars/

https://theicct.org/publication/a-global-comparison-of-the-life-cycle-greenhouse-gas-emissions-of-combustion-engine-and-electric-passenger-cars/
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200 miles based on the minimum certified all-electric range in the draft ACC II regulation,60 
and the state of charge (SOC) utilization is 95% based on CARB’s ZEV cost modeling 
worksheets.61,62 Battery production and assembly share by country is derived from the 
number of battery cells supplied to the US BEV market by production location, reported in an 
Argonne National Laboratory publication on the 2010-2020 Lithium-Ion Battery Supply Chain 
for E-Drive Vehicles in the United States.63 Production shares for 2020 were used in order to 
reflect the most current information available.  


To model PHEVs, Ramboll assumed the NMC 111 cathode material (which is the GREET 
default) since NMC 622 is not an option provided in GREET 2 for PHEVs. The Li-ion peak 
battery energy for PHEVs is modeled as 14 kWh. This value was calculated as a product of 
PHEV fuel economy, range, and charge utilization. The fuel economy is 3.31 mi/kWh based 
on EMFAC2021 data (described in Section 3.1.3), the range is 40 miles based on the US-06 
minimum certified all-electric range in the draft ACC II regulation,64 and the SOC utilization 
is 85% based on CARB’s ZEV cost modeling worksheets.65,66 Battery production and 
assembly shares by country are assumed to be equivalent to those used in the BEV model.  


All other vehicle and battery parameters for BEVs and PHEVs were left unchanged from 
GREET default values, and a full matrix of all non-default inputs for these vehicles can be 
found in Appendix A. 


3.3.2 Vehicle Cycle GHG Emissions in Scenario Analysis 
Ramboll incorporated vehicle cycle GHG emissions for all ICEVs, PHEVs, BEVs, and HEVs in 
the scenario analysis by calculating GHG emissions for all vehicles of a given model year, 
and attributing those emissions to the corresponding calendar year (assumed to be the same 
as the model year) in which they were produced. The following steps were used to develop 
the vehicle cycle emissions and incorporate it into the scenario analysis: 


 
60 CARB. 2022. Appendix A-5: Proposed Regulation Order for Section 1962.4 Zero-Emission Vehicle Standards for 


2026 and Subsequent Model Year Passenger Cars and Light-Duty Trucks. April 12. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf. Accessed: May 2022. 


61 CARB. 2021. ZEV Cost Modeling Workbook October 2021. Available at: 
https://ww2.arb.ca.gov/sites/default/files/2021-11/ZEV_Cost_Modeling_Workbook_Update_October2021.xlsx. 
Accessed: January 2022. 


62 The October 2021 version of CARB’s ZEV Cost Modeling Workbook was referenced for this analysis. A newer 
version of this workbook was released in late April 2022 (after completion of this analysis), which assumed a 
lower SOC utilization for BEV batteries of 92.5%. However, this does not change the overall conclusions of the 
analysis.  


63 ANL. 2021. Lithium-Ion Battery Supply Chain for E-Drive Vehicles in the United States: 2010-2020. March. 
Available at: https://publications.anl.gov/anlpubs/2021/04/167369.pdf. Accessed: May 2022. 


64 CARB. 2022. Appendix A-5: Proposed Regulation Order for Section 1962.4 Zero-Emission Vehicle Standards for 
2026 and Subsequent Model Year Passenger Cars and Light-Duty Trucks. April 12. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf. Accessed: May 2022. 


65 CARB. 2021. ZEV Cost Modeling Workbook October 2021. Available at: 
https://ww2.arb.ca.gov/sites/default/files/2021-11/ZEV_Cost_Modeling_Workbook_Update_October2021.xlsx. 
Accessed: January 2022. 


66 The October 2021 version of CARB’s ZEV Cost Modeling Workbook was referenced for this analysis. A newer 
version of this workbook was released in late April 2022 (after completion of this analysis), which assumed a 
lower SOC utilization for PHEV batteries of 80%. However, this does not change the overall conclusions of the 
analysis.  



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-07/ZEV_Cost_Modeling_Workbook_MayWorkshop_Accessible_0.xlsx

https://publications.anl.gov/anlpubs/2021/04/167369.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-07/ZEV_Cost_Modeling_Workbook_MayWorkshop_Accessible_0.xlsx
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• Ramboll assumed that the total number of vehicles produced for a given model year is 
equal to the peak population of that model year in EMFAC2021. Figure 3-6 shows that 
the peak vehicle population for any given model year in EMFAC2021 occurs one year 
after the corresponding calendar year (CY) in which they were first introduced to the 
fleet.67 


• GHG emissions from production of vehicles of a certain MY are assumed to occur in the 
calendar year the vehicles are produced (for example, MY 2026 vehicle population peaks 
in CY 2027, but vehicle cycle emission from vehicle production occur in CY 2026).  


• Since EMFAC2021 does not output fleet data for CY 2051, Ramboll estimated the peak 
population of MY 2050 vehicles (which would occur in CY 2051) by applying the 
percentage increase in MY 2049 vehicles from CY 2049 to CY 2050 to the MY 2050 
vehicle population in CY 2050. 


• It is assumed that production patterns for different vehicle technologies would be similar 
to the pattern modeled in EMFAC2021. Therefore, the total number of vehicles produced 
for each vehicle technology in each model year is calculated based on the fleet mix 
percentage for that vehicle technology and the total peak population in the following 
calendar year. Fleet mixes for each scenario are shown in Figure 2-3 and Figure 2-4 
and detailed tables showing fleet mix percentages and population data for each vehicle 
technology by model year in each calendar year are included in Appendix A.  


• Finally, the total annual life cycle GHG emissions for each modeled scenario in the 
analysis years (2026, 2030, 2035, 2045, and 2050) were estimated as follows: The total 
number of vehicles produced for each vehicle technology in an analysis year was 
multiplied by the corresponding GREET vehicle life cycle emission factor (on a per-vehicle 
basis, see Figure 3-5 for vehicle cycle emission factors) in order to generate vehicle life 
cycle GHG emissions. These emissions were then added to the upstream and tailpipe 
emissions for each analysis year in order to estimate total annual life cycle GHG 
emissions.  


 


 
67 Total LDA vehicle population reported in Figure 3-6 is based on the EMFAC2021 queries performed for this 


analysis, as described in detail in Appendix A. Diesel vehicles are not included.  
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Figure 3-6: LDA Vehicle Population in EMFAC2021 


 


 
3.3.3 GHG Emissions from Lithium Battery Replacement  


In addition to GHG emissions from vehicle and battery production, Ramboll analyzed the 
GHG emissions associated with battery replacement for BEVs. Battery replacement for BEVs 
lithium-ion batteries is assumed to occur in the ninth year of use based on the 8-year 
warranty requirement proposed in the CARB ACC II Initial Statement of Reasons (ISOR) 
Staff Report.68 Ramboll’s scenario analysis assumes that one battery replacement occurs 
over the vehicle lifetime for all BEVs remaining in the vehicle fleet in the ninth year of 
operation (e.g., battery replacement emissions in CY 2026 are calculated based on the 
population of MY 2017 BEVs in CY 2026). This methodology accounts for the default 
retirement rate of vehicles in EMFAC2021, as illustrated in Figure 3-6 above.  


The emissions per vehicle associated with this battery replacement were estimated from the 
results of the GREET modelling described in Section 3.4.1. In particular, the emissions for 
battery production and assembly were combined to estimate battery replacement emissions 
on a per vehicle basis. For MY 2026-2050 BEVs, BEV battery replacement is assumed to 
occur for an 81-kWh battery as described in Section 3.4.1. However, for pre-2026 BEVs, a 
peak battery energy of 62.5 kWh was assumed a weighted average of the battery sizes and 
cumulative sales of various BEV models from 2010-2020 in the United States.69 Thus, 


 
68 CARB. 2022. Staff Report: Initial Statement of Reasons. April 12. Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/isor.pdf. Accessed: May 2021. 
69 Lithium-Ion Battery Supply Chain for E-Drive Vehicles in the United States: 2010-2020. March. Available at: 


https://publications.anl.gov/anlpubs/2021/04/167369.pdf. Accessed: May 2022. 
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battery replacement emission factors for BEVs MY <2026 and BEVs MY ≥2026 were 
estimated separately, as represented by the gray bars in Figure 3-5.  


Battery replacement emissions were calculated by multiplying the remaining population of 
BEVs in the vehicle fleet in the ninth year of operation by the emission factors per vehicle 
shown in Figure 3-5. The resulting emissions associated with BEV mid-life battery 
replacements were incorporated into the multi-technology scenario analysis by adding 
battery replacement emissions to life cycle emissions. 


While batteries in PHEVs and HEVs deteriorate over time, for purposes of this analysis 
Ramboll has assumed that vehicle owners/operators would not replace the battery in these 
vehicle technologies. Instead, they would continue to operate these vehicles using the ICE 
and the underperforming battery till the end of the vehicle lifetime. 
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4. SCENARIO ANALYSIS EMISSIONS RESULTS 
4.1 Fuel Cycle (Well-to-Wheel) Emissions 


Fuel cycle emissions, also known as “well-to-wheel” emissions, include both upstream 
(well-to-tank) emissions and tailpipe (tank-to-wheel) emissions and represent overall 
emissions impacts of the fuel, including extraction of the raw materials for the fuel, fuel 
production and distribution, and use of the finished fuel during operation of the vehicle.70 
Figure 4-1 through Figure 4-4 below present the estimated total GHG fuel cycle emissions for 
calendar years 2026 to 2050 for each modeled scenario: S0 – ACC I (represented by black 
line), S1 – Baseline ACC II Scenarios (represented by the pink lines and shaded pink region), 
S2 – Alternative Scenarios Part 1 (represented by blue lines), S3 – Alternative Scenarios 
Part 2 (represented by purple lines), S4 – Alternative Scenarios Part 3 (represented by green 
lines).  


The results presented in Figure 4-1 show that scenario S1d – ACC II (FCEV) achieves the 
fewest GHG emissions reductions of the S1 - Baseline ACC II Scenarios as compared to the 
S0 – ACC I Scenario. This result is driven by the relatively high CI of the CARB SRIA 
Hydrogen as compared to electricity and the AB32 Hydrogen that displace CaRFG used in 
scenario S0 – ACC I. On the other hand, scenario S1d-1 – ACC II (FCEV) + AB32 H2 provides 
the greatest potential GHG emission reductions of the S1 - Baseline ACC II Scenarios, due to 
the significant reduction in upstream emissions for AB32 Hydrogen as compared to CaRFG.  


 
70 https://www.epa.gov/renewable-fuel-standard-program/lifecycle-analysis-greenhouse-gas-emissions-under-


renewable-fuel  



https://www.epa.gov/renewable-fuel-standard-program/lifecycle-analysis-greenhouse-gas-emissions-under-renewable-fuel

https://www.epa.gov/renewable-fuel-standard-program/lifecycle-analysis-greenhouse-gas-emissions-under-renewable-fuel
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Figure 4-1: Fuel Cycle Emissions for Baseline Scenarios 


 


As shown in Figure 3-3, AB32 Hydrogen pathway provides the lowest CI of all fuels 
considered, resulting in nearly carbon-free hydrogen with an upstream EER-adjusted CI less 
than 0.5 g CO2e/MJ of gasoline displaced from 2030-2050. Aside from sensitivity scenario 
S1d-1 – ACC II (FCEV) + AB32 H2, scenario S1a – ACC II (BEV), which assumes any 
additional ZEVs sales beyond those in the S0 – ACC I Scenario that are needed to meet the 
proposed ACC II ZEV sales requirements are met with BEVs, represents the lower bound of 
achievable GHG emissions under the draft ACC II proposal. Assuming the proposed ACC II 
sales requirements are met with the maximum allowable fraction of PHEVs in scenario S-1b 
– ACC II (BEV + PHEV) provides fewer fuel cycle GHG emission reductions than scenario 
S-1a – ACC II (BEV) in comparison to scenario S0 – ACC I. Results for S1c – ACC II (CARB 
SRIA) are similar to scenario S1b – ACC II (BEV + PHEV), although scenario S1c – ACC II 
(CARB SRIA) provides slightly lower fuel cycle GHG emission reductions in comparison to 
scenario S0 – ACC I in CY 2040-2050 due to the inclusion of FCEVs fueled by the CARB SRIA 
Hydrogen.  


Figure 4-2 shows results for S2 - Alternative Scenarios Part 1, which estimate GHG 
emission reductions achievable from increased penetration of PHEVs or HEVs. Some of these 
scenarios include a phase-in of low-CI gasoline as a replacement for CaRFG that is used for 
ICEs in ICEVs, PHEVs, and HEVs.  
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Figure 4-2: Fuel Cycle Emissions for Alternative Scenarios Part 1 


 
 


These results (Figure 4-2) show that we can achieve >50% of the estimated GHG 
reductions from the draft ACC-II proposal (scenarios S1a-1d, represented by the shaded 
pink region) as compared to S0 – ACC I (represented by the black solid line), by using PHEVs 
sales71 to meet the ACC II ZEV sales requirements (S2a – PHEV, represented by the blue 
dash-dot-dash line). Phasing in Low-CI gasoline (S2b – PHEV + Low-CI Gas, represented by 
the blue dotted line) with these PHEVs sales could increase the GHG reductions so they are 
comparable to the reductions achieved with draft ACC-II proposal (scenarios S1a through 
S1d, represented by the shaded pink region). Similarly, a combination of HEVs sales72 to 
meet the ACC II ZEV sales requirement and a phase-in of Low-CI gasoline to fuel ICEs in 
ICEVs, HEVs, and PHEVs (S2c – PHEV + Low-CI Gas, represented by the solid blue line) can 
also achieve GHG reductions that are comparable to the those from the draft ACC II proposal 
(scenarios S1a through S1d, represented by the shaded pink region) relative to Scenario S0 
- ACC I.  


Results for S3 - Alternative Scenarios Part 2, which explore the use of low-CI gasoline to 
generate GHG emission reductions needed to meet the State’s long-term climate goals with 
no change in fleet mix, are shown in Figure 4-3.  


 
71 Any additional ZEVs sales beyond those (BEVs and PHEVs) in the S0 - ACC I Scenario that are needed to meet 


the ZEV sales requirements in the draft ACC II proposal are met with PHEVs. 
72 Any additional ZEVs sales beyond those (BEVs and PHEVs) in the S0 - ACC I Scenario that are needed to meet 


the ZEV sales requirements in the draft ACC II proposal are met with HEVs. 
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Figure 4-3: Fuel Cycle Emissions for Alternative Scenarios Part 2 


 


These results (Figure 4-3) show that a phase in of low-CI gasoline alone (represented by 
the purple lines) with no additional ZEV sales beyond those included in scenario S0 – ACC I 
(represented by the solid black line) can achieve fuel cycle GHG reductions similar to those 
achieved in the baseline ACC II scenarios (S1a through S1d, represented by the pink area) 
as compared to scenario S0 - ACC I. Results for scenario S3a-1 – Low-CI Gas indicate that 
phase in of low-CI gasoline (with a carbon intensity of 19 g CO2e/MJ) could achieve similar or 
greater emission reductions than the lowest emission baseline ACC II scenario S1a - ACC II 
(BEV) through 2035, although emission reductions fall short of those estimated for Scenario 
S1a in 2040-2050. Reducing the carbon intensity of low-CI gasoline (S3a-2 – Low-CI Gas 
(Lower Range)) to 9 g CO2e/MJ could generate further GHG emission reductions that exceed 
those estimated for the baseline ACC II scenarios relative to scenario S0 - ACC I. Even if the 
carbon intensity of low-CI gasoline was increased to 29 g CO2e/MJ (S3a-1 – Low-CI Gas 
(Upper Range)), we can achieve GHG emission reductions (relative to S0 – ACC I) that are 
similar to the draft ACC II proposal (scenarios S1a through S1d).  


The delayed phase in of low-CI gasoline considered in scenario S3b – Low-CI Gas (Delayed) 
decreases the emissions reductions (relative to S0 – ACC I) achieved through 2035 but 
achieves greater emission reductions from 2040-2050. Results for Alternative Scenarios 
Part 2 and Alternative Scenarios Part 3 show that low-CI gasoline could potentially achieve 
the State’s long-term climate goals and decarbonize the transportation sector at a rate 
comparable to a ZEV-only regulation like the draft ACC II proposal. 


Figure 4-4 shows results for Alternative Scenarios Part 3, which explore the potential 
emission reductions achievable from a diverse deployment of vehicle technologies. These 
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scenarios (S-4a through S-4c, represented by the green lines) all provide fuel cycle GHG 
emission reductions (relative to S0 – ACC I) that exceed those achieved in the baseline ACC 
II scenarios (S1a through S1d, represented by the pink area) for all calendar years except 
2050. These results show that increased ZEV sales mandates are not the only way to achieve 
the State’s climate goals and a combination of different vehicle technologies and fuel 
pathways could be utilized to meet California’s GHG emission reduction targets. 


Figure 4-4: Fuel Cycle Emissions for Alternative Scenarios Part 3 


  


4.2 Life Cycle Emissions 
Life cycle emissions include fuel cycle emissions and vehicle cycle emissions and provide a 
comprehensive life cycle-based assessment of the potential GHG emissions from all vehicle 
technologies. Figure 4-5 through Figure 4-8 below present the estimated total GHG life 
cycle emissions for calendar years 2026 to 2050 for each modeled scenario that does not 
include FCEVs,73 using the same color scheme for each scenario described previously in 
Section 4.1.  


The addition of vehicle cycle emissions to fuel cycle emissions increases the total GHG 
emissions in all calendar years in all scenarios relative to those shown in Figure 4-1 through 
Figure 4-4. Additionally, because BEVs have the highest vehicle cycle GHG emissions (see 
Figure 3-5 for vehicle cycle emissions for each vehicle type), scenarios with significant BEV 
penetration show the largest increase in life cycle GHG emissions relative to fuel cycle 
emissions. As a result, scenarios that focus on implementation of low-CI gasoline rather than 


 
73 As described in Section 3.4, life cycle emission results are not available for scenarios with FCEVs, so scenarios 


that include FCEVs are not shown in Figure 4-5 through Figure 4-8. 
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increased penetration of BEVs generally achieve greater life cycle GHG emission reductions 
relative to scenario S0 – ACC I.  


The results presented in Figure 4-5 show that scenario S1a – ACC II (BEV) continues to 
provide greater GHG emission reductions (relative to S0 – ACC I) than scenario S1b – ACC II 
(BEV + PHEV), despite greater vehicle cycle emissions from more BEVs in scenario S1a – 
ACC II (BEV) than scenario S1b – ACC II (BEV + PHEV). Note that in Figure 4-5 through 
Figure 4-8, life cycle emissions for Baseline ACC II Scenarios (pink shaded region) are 
bounded by scenarios S1a and S1b because scenarios with FCEVs (S1c, S1d, and S1d-1) are 
not included in the life cycle analysis. 


Results for S3 - Alternative Scenarios Part 1 in Figure 4-6 show that increased penetration 
of only PHEVs or HEVs combined with phase in of low-CI gasoline can provide greater life 
cycle GHG emission reductions than the draft ACC II proposal (scenarios S1a and S1b, 
represented by the shaded pink region). Similarly, GHG emission reductions from the phase 
in of low-CI gasoline (Alternative Scenarios Part 2, represented by purple lines in 
Figure-4-7) without any fleet mix changes from S0 – ACC I could exceed life cycle GHG 
emission reductions in the draft ACC II proposal (scenarios S1a and S1b, represented by the 
shaded pink region) in all years except 2050. Finally, Figure 4-8 shows that a diverse mix of 
fuel and vehicle technologies (Alternative Scenarios Part 3, represented by green lines) can 
achieve greater life cycle GHG emission reductions relative to S0 – ACC I in all calendar 
years than the ZEV-centric approach in the draft ACC II proposal (scenarios S1a and S1b, 
represented by the shaded pink region). 


Figure 4-5: Life Cycle Emissions for Baseline Scenarios 
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Figure 4-6: Life Cycle Emissions for Alternative Scenarios Part 1 
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Figure 4-7: Life Cycle Emissions for Alternative Scenarios Part 2 


  


Figure 4-8: Life Cycle Emissions for Alternative Scenarios Part 3  
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4.3 Life Cycle Emissions with BEV Battery Replacement  
Figure 4-9 through Figure 4-12 show life cycle GHG emissions, including life cycle 
emissions associated with BEV battery replacement, for all scenarios without FCEVs74 using 
the same color scheme for each scenario described previously. The inclusion of GHG 
emissions from BEV battery replacement increases the total GHG emissions in all calendar 
years for all scenarios with BEVs relative to the life cycle emission totals discussed in 
Section 4.2. As a result, scenarios that focus on implementation of low-CI gasoline rather 
than increased penetration of BEVs generally achieve greater GHG emission reductions 
relative to scenario S0 – ACC I.  


Figure 4-9 shows that scenario S1a – ACC II (BEV) continues to provide greater GHG 
emission reductions (relative to S0 – ACC I) than scenario S1b – ACC II (BEV + PHEV), 
despite greater life cycle emissions from more BEV battery replacements in scenario S1a – 
ACC II (BEV) than scenario S1b – ACC II (BEV + PHEV). In Figures 4-10 through 4-12, the 
pink shaded region represents the range of life cycle emissions with BEV replacement for 
Baseline ACC II Scenarios S1a and S1b only, as other ACC II scenarios with FCEVs S1c, S1d, 
and S1d-a are not included in the life cycle analysis. 


Results for S3 - Alternative Scenarios Part 1 in Figure 4-10 show that increased penetration 
of only PHEVs or HEVs combined with phase in of low-CI gasoline provide even greater life 
cycle GHG emission reductions than the draft ACC II proposal (scenarios S1a and S1b, 
represented by the shaded pink region), when BEV replacement is included (compare with 
Figure 4-6, which does not include life cycle emissions for battery replacement). Similarly, 
phase in of low-CI gasoline alone (Alternative Scenarios Part 2, represented by purple lines 
in Figure 4-11), becomes a more attractive option to achieve similar to or greater GHG 
emission reductions (relative to S0 – ACC I) than those achieved by the draft ACC II 
proposal (S1a and S1b), when BEV battery replacement emissions are included. Finally, the 
mix of fuel and vehicle technologies in Alternative Scenarios Part 3 (represented by the 
green lines in Figure 4-12) provides even greater life cycle GHG emission reductions than 
the baseline ACC II scenarios when BEV battery replacement emissions are included 
(compare with Figure 4-8). Overall, inclusion of GHG emissions associated with the entire 
life cycle of the fuel and vehicle technologies including BEV battery replacement illustrates 
the importance of considering multiple vehicle technology and fuel pathways to achieve GHG 
emissions reductions rather than focusing on ZEV sales mandates as required in the draft 
ACC II proposal.  


  


 
74 As described in Section 3.4, life cycle emission results are not available for scenarios with FCEVs, so scenarios 


that include FCEVs are not shown in Figure 4-9 through Figure 4-12. 
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Figure 4-9: Life Cycle Emissions with BEV Battery Replacement for Baseline Scenarios 


 


Figure 4-10: Life Cycle Emissions with BEV Battery Replacement for Alternative Scenarios Part 1 
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Figure 4-11: Life Cycle Emissions with BEV Battery Replacement for Alternative Scenarios Part 2 


 
 


Figure 4-12: Life Cycle Emissions with BEV Battery Replacement for Alternative Scenarios Part 3 
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5. CONCLUSIONS 
5.1 Summary of Analysis Conclusions 


Ramboll’s analysis demonstrates that there are a number of vehicle technology and fuel 
pathways that could achieve equal or greater GHG reductions as the proposed ACC II 
rulemaking. These alternative pathways would not require transformation of energy 
production and distribution infrastructure on an unprecedented short time scale, but they 
would allow battery, hydrogen, and low-CI gaseous and liquid fueled vehicles to compete to 
achieve the State’s GHG targets in the quickest and most cost-effective manner. For 
example, a scenario that phases in low-CI gasoline as a drop-in fuel for ICEVs over a 
two-decade period could reduce GHG emission the same or more than the proposed 
ZEV-only mandate, when viewed on a life cycle basis. Other scenarios involving HEVs and 
PHEVs could be equally effective in providing GHG reductions when coupled with a phase in 
of low-CI gasoline. CARB could craft a regulation based on a GHG-reducing performance 
standard instead of instituting zero emission technology mandates, which is more consistent 
with traditional technology-forcing regulations that rely upon innovation within existing 
marketplaces. This study shows that such an approach could dramatically reduce GHG 
emissions without the systemic cost and delay risks associated with the current ZEV-centric 
strategy that include, but are not limited to, electric generation/infrastructure development, 
zero emission technology readiness, and cost.  


The main conclusions of our analysis: 


• Zero emission vehicle technology is only one of many different technology/fuel scenarios 
that could be utilized to meet California’s GHG emission reduction targets; 


• A full life cycle emission assessment is necessary if GHG reductions are a goal of the 
regulation, in order to understand the cradle-to-grave effects of a given vehicle/fuel 
technology pathway; 


• BEV technology of the scope and schedule in ACC II would require technology and 
electrical generation/infrastructure developments that CARB has not analyzed and cannot 
mandate, control, or incentivize; 


• There is a growing potential for renewable and low carbon fuels, including some with 
negative carbon intensity, to meet long-term GHG reductions; 


• Low-CI gasoline could decarbonize the transportation sector at a rate comparable to a 
ZEV-only regulation; and 


• Allowing the market flexibility to meet emission reduction targets could lead to a more 
diverse deployment of fuel and vehicle technologies to meet State targets. 


These conclusions emphasize the need for CARB to conduct a similar analysis for the light 
and medium duty vehicle sector targeted in the draft ACC II proposal, to identify vehicle/fuel 
technology pathways that meet the emission reduction goals earlier and more cost 
effectively than the proposed ZEV-centric approach. 


5.2 Next Steps – Technical 
By focusing on a strategy that relies on ZEV sales mandates and not assessing the full life 
cycle GHG impacts of that strategy, CARB has overstated the potential emission benefits 
from PHEVs and BEVs while ignoring different vehicle/fuel pathways that could meet 
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Conclusions Ramboll 


California’s GHG emission reduction targets. Finally, CARB has not demonstrated they have 
minimized leakage as required under AB32.  


CARB should conduct a full life cycle GHG emission assessment to quantify the cradle-to-
grave effects of the draft ACC II proposal and consider alternative GHG-reducing vehicle/fuel 
technologies in a technology-forcing (not technology mandating) rulemaking for California’s 
LDV fleet that meets the State’s emission goals. Such an analysis should build out and 
evaluate multiple scenarios beyond the singular ZEV-centric pathway proposed in the current 
ACC II regulation. These scenarios should be evaluated in the ACC II alternatives analyses 
presented in the SRIA and EA for technical feasibility, environmental impacts, and 
cost-effectiveness. These broader alternative analyses should include an assessment of the 
future availability of fueling (electric, hydrogen, and renewable and low carbon fuels) and 
related infrastructure to support this transition and help inform the final ACC II regulation.  
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This Appendix describes the methodology used to calculate upstream, tailpipe, and vehicle cycle 
emissions for the Ramboll scenario analysis. A list of all tables accompanying this appendix is located 
after this analysis description. Table A-1 provides a list of the analyzed scenarios. Refer to Section 2 
of the main document for further details on the scenarios.  


Upstream Well-to-Tank Emissions 


Ramboll estimated well-to-tank greenhouse gas (GHG) emission factors for each analyzed fuel type 
(California Reformulated Gasoline (CaRFG), low carbon intensity (CI) gasoline, electricity, and 
hydrogen) using carbon intensities obtained from the CA-GREET3.0 model,1 Low Carbon Fuel Standard 
(LCFS) Lookup Pathways Tables,2 LCFS Quarterly Summary data,3 and assumptions used in California 
Air Resources Board’s (CARB’s) Standardized Regulatory Impact Assessment (SRIA)4 for the Advanced 
Clean Cars II (ACC II) proposal and Assembly Bill (AB) 32 Initial Modeling.5 Upstream GHG emission 
factors are typically represented as carbon intensities, i.e., the mass of GHG emissions in carbon 
dioxide equivalent (CO2e) per unit of energy consumed in mega joules (MJ) for each fuel type. 
Upstream GHG emission factors for all fuel pathways considered in this analysis without and with EER 
adjustment are shown in Table A-2 and Table A-3 respectively.  


California Reformulated Gasoline 


Ramboll estimated the upstream CI of CaRFG as an energy-weighted average value of the upstream 
CIs of the two components that make up CaRFG: California reformulated gasoline blendstock for 
oxygenate blending (CARBOB), and ethanol. A summary of these emission factors and the ethanol 
content of CaRFG that is used to estimate the upstream GHG emission factor for CaRFG is provided in 
Table A-4.  


Low-CI Gasoline 


To estimate a carbon intensity for the low-CI gasoline considered in this analysis, a review of currently 
available and documented carbon intensities for low-CI renewable gasoline drop-in fuels was 
performed, as documented in Table 3-1 of the main document. Sources for low-CI drop-in renewable 
gasoline fuels included the USEPA lifecycle GHG results, LCFS fuel pathways, Argonne National 
Laboratory (ANL) state-of-technology research, CARB-driven research, and a research paper published 
by the University of Chicago ANL. While the research yielded multiple pathways that spanned both 
renewable gasoline (e.g., bio-based feedstocks) as well as lower-CI gasoline alternatives, we chose to 
represent them as a single category due to their similar function as a drop-in replacement fuel. The 
average of these values was taken in order to find a representative carbon intensity for the low-CI 
gasoline fuel considered in this analysis, resulting in a CI of 19.0 g CO2e/MJ, which is about 35% lower 
than the upstream CI for CaRFG.  


 
1 CA-GREET 3.0 Model. Available at: https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-corrected.xlsm. 


Accessed: January 2021. 
2 CARB. 2018. CA-GREET3.0 Lookup Table Pathways Technical Support Documentation. August 13. Available at: 


https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf. Accessed: May 2022. 
3 CARB. LCFS Quarterly Summaries. Available at: https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-


standard-reporting-tool-quarterly-summaries. Accessed: May 2022. 
4 CARB. 2022. Appendix C-1: Standardized Regulatory Impact Assessment (SRIA). April 12. Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf. Accessed: May 2022.  
5 E3. 2022. AB 32 Initial Model Results. March 15. Available at: https://ww2.arb.ca.gov/sites/default/files/2022-


03/SP22-Model-Results-E3-ppt.pdf. Accessed: May 2022. 



https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-corrected.xlsm

https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf

https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-standard-reporting-tool-quarterly-summaries

https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-standard-reporting-tool-quarterly-summaries

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf
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In order to understand the impact of this carbon intensity on upstream and life cycle emissions, we 
also considered two sensitivity scenarios:  


• Scenario 3a-1 – Low-CI Gas (Upper Range): For this scenario the low-CI gasoline CI was increased 
by 10 g CO2e/MJ to 29 g CO2e/MJ. This value is similar to the upstream CI for CaRFG.  


• Scenario 3a-2 – Low CI-Gas (Lower Range): For this scenario the low-CI gasoline CI was reduced 
by 10 g CO2e/MJ to 9 g CO2e/MJ. This value is about 69% lower than the upstream CI for CaRFG.  


Upstream GHG emission factors for low-CI gasoline compared to other fuels considered in this analysis 
without and with EER adjustment are shown in Table A-2 and Table A-3 respectively. 


Electricity 


Ramboll estimated upstream GHG emissions associated with the production and distribution of 
electricity consumed by PHEVs and BEVs in each modeled scenario using emission factors obtained 
from the CA-GREET 3.0 model.6 Developed from ANL’s GREET 2016 model,7 the CA-GREET 3.0 model 
is used by CARB to calculate well-to-wheel emissions from transportation fuels under the California 
LCFS Program. Hence, use of this model to estimate upstream emissions is consistent with the CARB 
methodologies. 


For purposes of this analysis, Ramboll adjusted the electricity grid mix inputs to the CA-GREET 3.0 
model based on California Energy Commission (CEC) projections for each of the modeled calendar 
years 2026, 2030, 2035, 2040, 2045, and 2050.8 The CA-GREET 3.0 California grid mix inputs for 
estimating upstream electricity GHG emission factors can be found in Table A-5. 


Hydrogen 


CARB SRIA Hydrogen  


Ramboll assumed that 40% of the hydrogen for the CARB SRIA H2 fuel pathway would come from 
renewable feedstocks and the remaining 60% from fossil feedstocks based on the methodology used 
in the SRIA for the proposed ACC II9 and discussions with CARB ACC II staff.10 The fossil feedstock for 
hydrogen is assumed to be fossil natural gas which is processed via a steam methane reformation 


 
6 CARB. 2019. CA-GREET3.0 Model - Current Version: Effective January 4, 2019 (released August 13, 2018). 


Available at: https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-
corrected.xlsm?_ga=2.203396115.367263062.1651770761-1504446328.1547148412. Accessed: May 2022.  


7 Available at: https://greet.es.anl.gov/publication-greet-model. Accessed: January 2021. 
8 CEC 2018. Deep Decarbonization in a High Renewables Future - Implications for Renewable Integration and 


Electric System Flexibility, Docket 18-IEPR-06 - 223869, Slide 10. Available at: 
https://efiling.energy.ca.gov/GetDocument.aspx?tn=223869&DocumentContentId=54081. Accessed: 
January 2021. 


9 CARB. 2022. Appendix C-1: Standardized Regulatory Impact Assessment (SRIA). April 12. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf. Accessed: May 2022.  


10 Based on e-mail communication between S. Moca, Ramboll US Consulting and CARB ACC II Staff on February 
15, 2022. CARB staff indicated in their email that hydrogen fuel in the SRIA for the proposed ACC II consisted of 
3 major blends of fuel types: fossil natural gas (NG) hydrogen, renewable hydrogen from renewable NG, 
renewable hydrogen from curtailments. CARB assumed that renewable hydrogen levels off at 40% of the total 
hydrogen used, and that renewable hydrogen gradually transitions from renewable NG hydrogen to renewable 
hydrogen from curtailments. CARB shared that this transition was modelled with a log function assuming a 
market share (%) of renewable hydrogen at specific time points which are 6% at 2020, 10% at 2025, and 100% 
at 2045. Additionally, they shared that the renewable natural gas feedstock was assumed to be 100% from 
landfill biogas. Lastly, for renewable hydrogen from curtailments, CARB staff assumed zero GHG emissions given 
transmission/distribution and refilling phases using renewable energy. 



https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-corrected.xlsm?_ga=2.203396115.367263062.1651770761-1504446328.1547148412

https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-corrected.xlsm?_ga=2.203396115.367263062.1651770761-1504446328.1547148412

https://greet.es.anl.gov/publication-greet-model

https://efiling.energy.ca.gov/GetDocument.aspx?tn=223869&DocumentContentId=54081

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf
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(SMR) process to produce Fossil Hydrogen per the 2020 Mobile Source Strategy11 and as cited in the 
SRIA. The renewable feedstock is assumed to be Landfill Biogas with hydrogen production via SMR 
(Landfill SMR Hydrogen) and electrolysis using curtailment electricity (Curtailment Electrolysis 
Hydrogen). Based on correspondence with CARB ACC II staff, the transition of hydrogen production 
from landfill biogas to curtailment electricity was modeled with a log function assuming specific 
feedstock shares at three points in time: 6% at 2020, 10% at 2025, and 100% at 2045.12 A summary 
of these upstream GHG emission factors and fractions of the feedstocks used to estimate the 
upstream GHG emission factor for CARB SRIA hydrogen is provided in Table A-6. 


CARB AB32 Hydrogen  


The AB 32 Initial Modeling13 for the draft 2022 Scoping Plan Update assumes that 100% of hydrogen 
production in the future would come from renewable sources, with the primary hydrogen production 
pathway being electrolysis using electricity generated by solar photovoltaic systems (Solar Electrolysis 
Hydrogen). We assumed that AB32 Hydrogen would be a combination of hydrogen produced using the 
following pathways: Landfill SMR Hydrogen and Solar Electrolysis Hydrogen. The volumes of Landfill 
SMR Hydrogen for the analysis years was assumed to not exceed the total renewable hydrogen 
volume (2,700,000 kg/year or 324,000,000 MJ/year) produced in 2021 per Annual Hydrogen 
Evaluation.14 The remaining hydrogen demand in each analysis year was assumed to be met by Solar 
Electrolysis Hydrogen. The resulting CIs for the AB32 Hydrogen were estimated as a feedstock 
weighted average of the CIs for the individual feedstocks (Landfill SMR and Solar Electrolysis). A 
summary of these emission factors and fuel consumption for each feedstock for modelled sensitivity 
scenario S1d-1 – ACC II (FCEV) + AB32 H2 is provided in Table A-7. 


Tailpipe (Tank-to-Wheel) Emissions 


CARB’s EMFAC2021 model15 was used to estimate tailpipe emissions for greenhouse gases (GHGs) for 
all light-duty vehicle (LDV) types included in this analysis. Specifically, Ramboll’s analysis considers a 
sub-set of the statewide LDV fleet consisting of light-duty autos (LDAs), excluding those fueled by 
natural gas (NG) and diesel (DSL).16 Table 3-2 of the main document summarizes the assumptions 
used to estimate the tailpipe GHG emissions from various vehicle/fuel technologies that are included in 
this analysis. For this analysis, EMFAC202117 was queried at the statewide level for analysis years 
2026, 2030, 2035, 2040, 2045 and 2050 to obtain daily total exhaust emissions, vehicle population, 
vehicle miles travelled (VMT), energy consumption, and fuel consumption data by model year for the 


 
11 CARB. 2021. 2020 Mobile Source Strategy. October 28. Available here: 


https://ww2.arb.ca.gov/sites/default/files/2021-12/2020_Mobile_Source_Strategy.pdf. Accessed: May 2022. 
12 Based on e-mail communications between S. Moca, Ramboll US Consulting and CARB ACC II Staff on February 


15, 2022. 
13 E3. 2022. CARB Draft Scoping Plan: AB32 Source Emissions Initial Modeling Results. March 15. Available at: 


https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf. Accessed: May 2022. 
14 CARB. 2021 Annual Evaluation of Fuel Cell Electric Vehicle Deployment and Hydrogen Fuel Station Network 


Development. September. Available at: https://ww2.arb.ca.gov/sites/default/files/2021-09/2021_AB-
8_FINAL.pdf. Accessed: May 2022. 


15 EMFAC2021 Database v1.0.1. Available at: https://arb.ca.gov/emfac/emissions-inventory. Accessed January 
2022. 


16 Natural gas vehicles are excluded as they are not included in the default EMFAC2021 LDA fleet. Diesel vehicles 
are not included in this analysis because they comprise less than 0.3% of the total LDA population in 
EMFAC2021.  


17  EMFAC2021 Database v1.0.1. Available at: https://arb.ca.gov/emfac/emissions-inventory. Accessed January 2022. 



https://ww2.arb.ca.gov/sites/default/files/2021-12/2020_Mobile_Source_Strategy.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-03/SP22-Model-Results-E3-ppt.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-09/2021_AB-8_FINAL.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-09/2021_AB-8_FINAL.pdf
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following types of LDAs: gasoline-fueled internal combustion engine vehicles (ICEVs), battery electric 
vehicles (BEVs), and plug-in hybrid vehicles (PHEVs).  


As described in Section 3.1.3 of the main document, total VMT in EMFAC2021 is resolved by 
combustion VMT (cVMT), for miles traveled by vehicles powered by an internal combustion engine 
(ICE), and electric VMT (eVMT), for miles traveled by vehicles powered by energy from a battery.18 
Similarly, EMFAC2021 accounts for electric energy consumption separate from gasoline fuel 
consumption. In EMFAC2021, eVMT is defined as miles traveled during a pure electricity powered trip, 
and energy consumption is determined based on only pure electric trips during which an ICE does not 
turn on.19 Thus, only PHEVs have both cVMT and eVMT and both energy consumption and fuel 
consumption in EMFAC2021. The remaining vehicle technologies in EMFAC2021 have either cVMT and 
fuel consumption (e.g., ICEVs), or eVMT and energy consumption (e.g., BEVs). Throughout this 
analysis, we utilize the term “fuel economy” as a fuel-neutral description of miles traveled per unit of 
fuel or energy consumed, whether the fuel is gasoline, hydrogen, or electricity. 


Specific inputs used in the EMFAC2021 query are as follows: 


• Run Mode:  Emissions 


• Region Type:  Statewide 


• Region:  California 


• Calendar Year:  2026, 2030, 2035, 2040, 2045 and 2050 


• Season:  Annual 


• Vehicle Category:  LDA20 


• Model Year:  All Model Years 


• Speed:  Aggregated 


• Fuel Type:  Gasoline, Electricity, and Plug-in Hybrid 


EMFAC2021 was queried separately for each calendar year using the inputs above. Note, EMFAC2021 
outputs are provided on a per day basis. Daily emissions calculated based on EMFAC2021 data are 
scaled to annual emissions based on 347 days of operation per year for LDAs reported in EMFAC 
technical documentation.21 


The methodology used to calculate tailpipe emissions is summarized in Section 3.2.2 of the main 
document and Table A-8 through Table A-91 in this Appendix. Tailpipe emissions in scenario S0 
were obtained directly from EMFAC2021 and adjusted for the ethanol content of CaRFG. Tailpipe 
emissions in all other scenarios were estimated based on fleet mix composition and the VMT, fuel 


 
18 CARB. 2021. EMFAC2021 Volume I – User’s Guide. January 15. Available at: 


https://ww2.arb.ca.gov/sites/default/files/2021-01/EMFAC202x_Users_Guide_01112021_final.pdf. Accessed: 
May 2022.  


19 CARB. 2021. EMFAC2021 Volume III Technical Document - Version 1.0.0. March 31. Available at: 
https://ww2.arb.ca.gov/sites/default/files/2021-03/emfac2021_volume_3_technical_document.pdf. Accessed: 
May 2022. 


20 The LDA vehicle category is the same in EMFAC2007, EMFAC2011, and EMFAC202x vehicle categories.  
21 CARB. 2018. EMFAC 2017 Volume III – Technical Documentation. July 20. Available at: 


https://ww3.arb.ca.gov/msei/downloads/emfac2017-volume-iii-technical-documentation.pdf. Accessed: 
May 2022.  



https://ww2.arb.ca.gov/sites/default/files/2021-01/EMFAC202x_Users_Guide_01112021_final.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-03/emfac2021_volume_3_technical_document.pdf

https://ww3.arb.ca.gov/msei/downloads/emfac2017-volume-iii-technical-documentation.pdf
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economy, and emission factors for ICEVs, PHEVs, and HEVs. The following describes the procedure 
used to calculate tailpipe emissions in all scenarios other than S0: 


1. Fleet Mix: The fleet mix composition for each model year in each calendar year was determined 
based on the specific vehicle technology penetration assumptions for each scenario, as described 
in Section 2 of the main document and shown in Table A-1.  


a. Specifically, ICEVs in the EMFAC2021 default fleet were replaced with other vehicle 
technologies (e.g., BEVs, PHEVs, HEV, and/or FCEVs) based on the sales percentage of each 
vehicle technology for each model year in each scenario. Note, in all scenarios, the existing 
sales fraction and population of PHEVs and BEVs in EMFAC2021 defaults served as the 
minimum penetration of these vehicle technologies. Thus, while additional BEVs and/or PHEVs 
were added in some scenarios, only ICEVs in the EMFAC2021 default fleet were replaced with 
other vehicle types as applicable in each scenario.  


b. This step determines the vehicle population for each vehicle technology for each model year in 
each calendar year. The resulting fleet mix population data for each scenario, aggregated by 
model year, is presented in Figure 2-3 and Figure 2-4 of the main document. Detailed 
population breakdown by vehicle technology and model year for each calendar year is 
presented in Table A-26 through Table A-91.  


2. VMT: The daily VMT for each vehicle technology was calculated based on the vehicle population 
data determined in step 1 and the miles per vehicle per day for ICEVs.  


a. Specifically, Ramboll’s scenario analysis assumes that any vehicle technology replacing an 
ICEV travels the same number of miles per vehicle as the ICEV it is replacing, as determined 
from EMFAC2021 data on a per model year basis for each calendar year. Thus, in each 
scenario, as ICEVs are replaced with other vehicle technologies, the population and 
corresponding VMT of ICEVs is reduced and allocated to the replacement vehicles in a one-to-
one ratio.  


b. For PHEVs replacing ICEVs, total VMT from the ICEV is allocated to eVMT and cVMT for the 
replacement PHEV according to the EMFAC2021 default split between eVMT and cVMT for the 
replacement vehicle. The split between eVMT and cVMT for PHEVs varies by model year and 
calendar year, as described Section 3.1.3 of the main document and shown in Tables A-9, 
A-12, A-15, A-18, A-21, and A-24. 


3. Fuel Consumption: Fuel consumption for each vehicle technology was calculated based on the 
VMT determined in step 2 and the fuel economy for each vehicle.  


a. Fuel economy for each vehicle technology was determined based on EMFAC2021 data as 
described in Section 3.1 of the main document and shown in Tables A-8, A-11, A-14, A-17, 
A-20, and A-23. Fuel consumption for each vehicle technology was first determined on a per 
model year basis to account for the variability in VMT and fuel economy by model year.  


b. Additionally, in order to account for upstream emissions and renewable fuel adjustments to 
tailpipe emissions, total fuel consumption for each fuel type across all vehicle technologies was 
calculated in each calendar year. Specifically, total gasoline fuel consumption was calculated 
as the sum of gasoline fuel usage from ICEVs, HEVs, and cVMT from PHEVs, while total 
electricity fuel consumption was calculated as the sum of electricity usage from BEVs and 
eVMT from PHEVs. Total hydrogen fuel consumption is equal to the total hydrogen usage from 
FCEVs are these are the only vehicles in this analysis fueled by hydrogen.  
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c. Total fuel consumption for gasoline was then allocated to CaRFG and Low-CI Gasoline 
according to the phase-in of Low-CI Gasoline in each scenario, as described in Section 2 of 
the main document. Fuel consumption for all vehicle technologies and fuel types is reported in 
megajoules per day (MJ/day).  


4. Unadjusted Tailpipe Emissions: Tailpipe emissions for ICEVs, PHEVs, and HEVs were estimated 
using the fuel consumption values determined in step 3 and the emission factors for these vehicle 
technologies derived from EMFAC2021 as described in Section 3.3 of the main document and 
shown in Tables A-10, A-13, A-16, A-19, A-22 and A-25. Tailpipe emissions for FCEVs and 
BEVs are zero.  


a. Tailpipe emissions for each calendar year were determined first on a per model year basis to 
account for the variation in fuel economy, emission factors, VMT, and population of each 
vehicle technology in each model year. Total tailpipe emissions in each calendar year were 
calculated as the sum of tailpipe emissions across all vehicle types and all model years in that 
calendar year.  


b. Tailpipe emissions of carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) are 
calculated separately. Additionally, in order to account for renewable fuel adjustments to 
tailpipe emissions (step 5), tailpipe CO2 emissions for each gasoline fuel type in each calendar 
year were calculated based on the penetration of each fuel type and the total tailpipe CO2 
emissions in that calendar year.     


5. Renewable Fuel Adjustments: Tailpipe emissions are also adjusted based on the use of 
renewable fuels. Ramboll’s analysis includes two gasoline fuel types: CaRFG, the default fuel 
assumed in EMFAC2021, and Low-CI Gasoline, a lower CI renewable drop-in fuel used as a 
replacement for CaRFG that is used to fuel internal combustion engines (ICEs) in ICEVs, PHEVs, 
and HEVs. As described in Section 3.2.2 of the main document, since the CO2 emissions 
generated by the combustion of the renewable ethanol content in CaRFG and Low-CI gasoline are 
considered biogenic, they are excluded from this analysis.22 Adjustment factors for CO2 emissions 
for each fuel type are applied to the portion of the tailpipe CO2 emissions from that fuel type as 
determined in step 4b. No adjustments were made to the tailpipe CH4 and N2O emissions.  


a. As described in Section 3.2.2 of the main document, Ramboll adjusted tailpipe emissions 
from CaRFG to account for the elimination of CO2 emissions from the renewable ethanol 
content of CaRFG. Specifically, assuming the 9.5 percent volume fraction of ethanol is 
renewable and therefore has zero CO2 emissions. Ramboll applied a 6.3 percent reduction 
factor to all tailpipe CO2 emissions resulting from the use of CaRFG to account for the 
elimination of CO2 emissions from the renewable ethanol content.  


▪ This 6.3 percent reduction factor is estimated as the ratio of the CaRFG tailpipe CO2 
emission factor to the gasoline tailpipe CO2 emission factor.  


 
22 This aligns CARB’s methodology for estimating the statewide GHG emission inventory, as noted in the 2021 


CARB Report on the California Greenhouse Gas Emissions for 2000 to 2019, which states that “carbon dioxide 
(CO2) emissions from biofuels (the biofuel components of fuel blends) are classified as “biogenic CO2”. They are 
tracked separately from the rest of the emissions in the inventory and are not included in the total emissions 
when comparing to California’s 2020 and 2030 GHG Limits.” Available at: 
https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2019/ghg_inventory_trends_00-
19.pdf?msclkid=9f56cab9d01611ec878dcdb49cca2c91. Accessed: May 2022.  



https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2019/ghg_inventory_trends_00-19.pdf?msclkid=9f56cab9d01611ec878dcdb49cca2c91

https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2019/ghg_inventory_trends_00-19.pdf?msclkid=9f56cab9d01611ec878dcdb49cca2c91
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▪ The CaRFG tailpipe CO2 emission factor is calculated as a weighted sum of the tailpipe CO2 
emission factors for ethanol and gasoline, assuming a volume fraction of 9.5% for ethanol. 


o The tailpipe CO2 emission factor for ethanol is derived from CARB’s Mandatory 
Reporting of Greenhouse Gases data.23 


o The tailpipe CO2 emission factor for gasoline is derived from EMFAC fuel combustion 
data.24 


b. The low-CI gasoline included in this analysis is produced from renewable feedstocks (See 
Section 3.2.1.2 of the main document) and tailpipe CO2 emissions associated with the 
combustion of this fuel are biogenic and set to zero.  


6. Final Tailpipe Emissions: Total tailpipe GHG emissions are reported in units of carbon dioxide 
equivalent (CO2e). CO2e is calculated based on final CO2, CH4, and N2O emissions, after 
accounting for renewable fuel adjustments, using global warming potentials (GWPs) from the 
International Panel on Climate Change (IPCC) Fourth Assessment Report (AR4).25 The GWPs used 
for CO2, CH4, and N2O are 1, 25, and 298, respectively. 


Vehicle Cycle Emissions 


For this analysis, Ramboll used GREET 2 (and GREET 1 inputs as needed) to estimate vehicle life cycle 
emission factors for ICEV, HEV, BEV, and PHEV technologies. FCEVs were not included in the scope of 
Ramboll’s vehicle cycle emissions analysis.26 The vehicles are evaluated as model year 2026 
passenger vehicles; while vehicle cycle emissions may decrease over time with the increase in the 
renewable content of the electricity used for vehicle production, we do not expect the reduction to 
significantly alter the results or conclusions of the study.  


Battery recycling for BEVs and PHEVs is not included in this assessment. This assumption is informed 
by current end-of-life recycling rate of <1% globally for lithium and rare earth minerals noted in the 
2021 International Energy Association (IEA) Study on the Role of Critical Minerals in Clean Energy 
Transition.27 Furthermore, it is likely that the vast majority of batteries produced in the future would 
require virgin material given the significant increase in demand under a mass vehicle electrification 
scenario.  


 
23 Available at: https://www.arb.ca.gov/cc/reporting/ghg-rep/regulation/subpart_c_rule_part98.pdf. Accessed: 


May 2022.  
24 Available at: https://ww2.arb.ca.gov/sites/default/files/ghg-inventory-doc/doc/docs1/1a3bii_onroad_light-


dutyvehicles_light-dutytrucks_fuelcombustion_gasoline_co2_2018.htm. Accessed: May 2022.  
25 Greenhouse Gas Protocol. Available at: https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-


Potential-Values%20%28Feb%2016%202016%29_1.pdf. Accessed January 2021. 
26 FCEVs represented only a small fraction (<0.8%) of total 2020 ZEV sales and an even smaller fraction (<0.06%) 


of the total 2020 LDV sales in California. The vehicle material recovery and production, vehicle component 
fabrication, vehicle assembly, and vehicle disposal/recycling processes are still in the developmental stage, and 
it would be too speculative to estimate vehicle cycle emissions until the market for these vehicles mature. Sales 
data obtained from CEC data dashboard ‘New ZEV Sales in California’. Available here: 
https://www.energy.ca.gov/data-reports/energy-almanac/zero-emission-vehicle-and-infrastructure-
statistics/new-zev-sales. Accessed: May 2022. 


27 International Energy Agency (IEA). 2021. The Role of Critical Minerals in Clean Energy Transitions. May. 
Available at: https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-
transitions?msclkid=fa519918d01f11ecbcf188dc9fbbf9f2. Accessed: May 2022. 



https://www.arb.ca.gov/cc/reporting/ghg-rep/regulation/subpart_c_rule_part98.pdf

https://ww2.arb.ca.gov/sites/default/files/ghg-inventory-doc/doc/docs1/1a3bii_onroad_light-dutyvehicles_light-dutytrucks_fuelcombustion_gasoline_co2_2018.htm

https://ww2.arb.ca.gov/sites/default/files/ghg-inventory-doc/doc/docs1/1a3bii_onroad_light-dutyvehicles_light-dutytrucks_fuelcombustion_gasoline_co2_2018.htm

https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_1.pdf

https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_1.pdf

https://www.energy.ca.gov/data-reports/energy-almanac/zero-emission-vehicle-and-infrastructure-statistics/new-zev-sales

https://www.energy.ca.gov/data-reports/energy-almanac/zero-emission-vehicle-and-infrastructure-statistics/new-zev-sales

https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions?msclkid=fa519918d01f11ecbcf188dc9fbbf9f2

https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions?msclkid=fa519918d01f11ecbcf188dc9fbbf9f2
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The vehicle emission and electric grid mix data input to the model is based on the most current 
information available at the time of this study as the scope of this analysis does not include 
forecasting or projecting future energy demands from vehicle and battery manufacturing.  


GREET Inputs for ICEVs and HEVs 


To model ICEVs and HEVs, Ramboll used default values in the GREET model for all vehicle production 
and assembly parameters except for the electricity mix used for material and fuel production. The US 
electric mix for stationary use in GREET 1 was updated with the 2020 national electricity mix published 
by the EPA’s Emissions & Generation Resource Integrated Database (eGRID).28 The non-default 
GREET inputs for U.S. stationary grid mix can be found in Table A-92. Ramboll also updated the 
GREET 1 electric grid mixes for fuel production for non-US countries where vehicle and battery 
components are produced or assembled. These grid mixes were updated using most recent available 
data from the IEA.29 The non-default GREET inputs for international grid mixes can be found in Table 
A-93. A full matrix of all non-default GREET inputs can be found in Table A-94. The total life cycle 
emissions for each vehicle technology estimated from the GREET model can be found in Table A-95. 


GREET Inputs for BEVs and PHEVs 


For BEVs, Ramboll modeled a lithium-ion (Li-ion) battery with a nickel manganese cobalt (NMC 622) 
cathode material, which per a 2021 study from the International Council on Clean Transportation 
(ICCT) is the most common cathode material used in BEVs globally.30 The Li-ion peak battery energy 
for BEVs is modeled as 81 kWh. This value was calculated as a product of BEV fuel economy, range, 
and charge utilization. The fuel economy is 2.59-mi/kWh based on EMFAC2021 data (described in 
Section 3.1.2 of the main document), the range is 200 miles based on the minimum certified all-
electric range in the draft ACC II regulation,31 and the state of charge (SOC) utilization is 95% based 
on CARB’s ZEV cost modeling worksheets.32,33 Battery production and assembly share by country is 
derived from the number of battery cells supplied to the US BEV market by production location, 
reported in an Argonne National Laboratory publication on the 2010-2020 Lithium-Ion Battery Supply 
Chain for E-Drive Vehicles in the United States.34 Production shares for 2020 were used in order to 


 
28 EPA. 2022. eGRID Summary Tables 2020. January 27. Available here: https://www.epa.gov/egrid/summary-


data. Accessed: May 2022. 
29 IEA. 2022. Countries and regions. Available at: https://www.iea.org/countries. Accessed: May 2022. 
30 ICCT. 2021. A Global Comparison of The Life-Cycle Greenhouse Gas Emissions of Combustion Engine and 


Electric Passenger Cars. Available here: https://theicct.org/publication/a-global-comparison-of-the-life-cycle-
greenhouse-gas-emissions-of-combustion-engine-and-electric-passenger-cars/. Accessed: May 2022. 


31 CARB. 2022. Appendix A-5: Proposed Regulation Order for Section 1962.4 Zero-Emission Vehicle Standards for 
2026 and Subsequent Model Year Passenger Cars and Light-Duty Trucks. April 12. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf. Accessed: May 2022. 


32 CARB. 2021. ZEV Cost Modeling Workbook October 2021. Available at: 
https://ww2.arb.ca.gov/sites/default/files/2021-11/ZEV_Cost_Modeling_Workbook_Update_October2021.xlsx. 
Accessed: January 2022. 


33 The October 2021 version of CARB’s ZEV Cost Modeling Workbook was referenced for this analysis. A newer 
version of this workbook was released in late April 2022 (after completion of this analysis), which assumed a 
lower SOC utilization for BEV batteries of 92.5%. However, this does not change the overall conclusions of the 
analysis.  


34 ANL. 2021. Lithium-Ion Battery Supply Chain for E-Drive Vehicles in the United States: 2010-2020. March. 
Available at: https://publications.anl.gov/anlpubs/2021/04/167369.pdf. Accessed: May 2022. 



https://www.epa.gov/egrid/summary-data

https://www.epa.gov/egrid/summary-data

https://www.iea.org/countries

https://theicct.org/publication/a-global-comparison-of-the-life-cycle-greenhouse-gas-emissions-of-combustion-engine-and-electric-passenger-cars/

https://theicct.org/publication/a-global-comparison-of-the-life-cycle-greenhouse-gas-emissions-of-combustion-engine-and-electric-passenger-cars/

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-07/ZEV_Cost_Modeling_Workbook_MayWorkshop_Accessible_0.xlsx

https://publications.anl.gov/anlpubs/2021/04/167369.pdf
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reflect the most current information available. A full matrix of all non-default GREET inputs can be 
found in Table A-94. 


To model PHEVs, Ramboll assumed the NMC 111 cathode material (which is the GREET default) since 
NMC 622 is not an option provided in GREET 2 for PHEVs. The Li-ion peak battery energy for PHEVs is 
modeled as 14 kWh. This value was calculated as a product of PHEV fuel economy, range, and charge 
utilization. The fuel economy is 3.31 mi/kWh based on EMFAC2021 data (described in Section 3.1.3 
of the main document), the range is 40 miles based on the US-06 minimum certified all-electric range 
in the draft ACC II regulation,35 and the SOC utilization is 85% based on CARB’s ZEV cost modeling 
worksheets.36,37 Battery production and assembly shares by country are assumed to be equivalent to 
those used in the BEV model. A full matrix of all non-default GREET inputs can be found in Table 
A-94. 


All other vehicle and battery parameters for BEVs and PHEVs were left unchanged from GREET default 
values, and a full matrix of all non-default GREET inputs can be found in Table A-94. The total life 
cycle emissions for each vehicle technology estimated from the GREET model can be found in 
Table A-95. 


Vehicle Cycle GHG Emissions in Scenario Analysis 


Ramboll incorporated vehicle cycle GHG emissions for all ICEVs, PHEVs, BEVs, and HEVs in the 
scenario analysis by calculating GHG emissions for all vehicles of a given model year and attributing 
those emissions to the corresponding calendar year (assumed to be the same as the model year) in 
which they were produced as described in Section 3.3.2 of the main document.  


Ramboll assumed that the total number of vehicles produced for a given model year is equal to the 
peak population of that model year in EMFAC2021. Figure 3-6 of the main document shows that the 
peak vehicle population for any given model year in EMFAC2021 occurs one year after the 
corresponding calendar year (CY) in which they were first introduced to the fleet. These values are 
summarized in Table A-96. Specific inputs used in the EMFAC2021 query used to generate the peak 
vehicle population for the analysis years are as follows: 


• Run Mode:  Emissions 


• Region Type:  Statewide 


• Region:  California 


• Calendar Year:  2026, 2027, 2028, 2029, 2030, 2031, 2032, 2033, 2034, 2035, 2036, 2037, 
2038, 2039, 2040, 2041, 2042, 2043, 2044, 2045, 2046, 2047, 2048, 2049, 2050 


• Season:  Annual 


 
35 CARB. 2022. Appendix A-5: Proposed Regulation Order for Section 1962.4 Zero-Emission Vehicle Standards for 


2026 and Subsequent Model Year Passenger Cars and Light-Duty Trucks. April 12. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf. Accessed: May 2022. 


36 CARB. 2021. ZEV Cost Modeling Workbook October 2021. Available at: 
https://ww2.arb.ca.gov/sites/default/files/2021-11/ZEV_Cost_Modeling_Workbook_Update_October2021.xlsx. 
Accessed: January 2022. 


37 The October 2021 version of CARB’s ZEV Cost Modeling Workbook was referenced for this analysis. A newer 
version of this workbook was released in late April 2022 (after completion of this analysis), which assumed a 
lower SOC utilization for PHEV batteries of 80%. However, this does not change the overall conclusions of the 
analysis.  



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-07/ZEV_Cost_Modeling_Workbook_MayWorkshop_Accessible_0.xlsx
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• Vehicle Category:  LDA38 


• Model Year:  2026, 2030, 2035, 2040, 2045, 2050 


• Speed:  Aggregated 


• Fuel Type:  Gasoline, Electricity, and Plug-in Hybrid 


As noted in the Table A-96, number of vehicles produced for each vehicle technology in a calendar 
year is calculated based on the fleet mix for the model year vehicle and the total peak vehicle 
population for that model year. For example, the vehicle population produced in calendar year 2026, is 
based on the fleet mix of the 2026 model year vehicles and the peak population of model year 2026 
vehicles. The vehicle cycle emissions for each calendar year are calculated using the vehicle cycle 
emission factors from Table A-95 and the vehicle population for each vehicle technology in 
Table A-96. The total vehicle cycle emissions for each scenario in the analyzed calendar years are 
summarized in Table A-96.  


GHG Emissions from Lithium Battery Replacement 


In addition to GHG emissions from vehicle and battery production, Ramboll analyzed the GHG 
emissions associated with battery replacement for BEVs. Battery replacement for BEVs lithium-ion 
batteries is assumed to occur in the ninth year of use based on the 8-year warranty requirement 
proposed in the CARB ACC II Initial Statement of Reasons (ISOR) Staff Report.39 Ramboll’s scenario 
analysis assumes that one battery replacement occurs over the vehicle lifetime for all BEVs remaining 
in the vehicle fleet in the ninth year of operation (e.g., battery replacement emissions in CY 2026 are 
calculated based on the population of MY 2017 BEVs in CY 2026). This methodology accounts for the 
default retirement rate of vehicles in EMFAC2021, as illustrated in Figure 3-6 in the main document.  


The emissions per vehicle associated with this battery replacement were estimated from the results of 
the GREET modelling described in Section 3.4.1 of the main document and in Tables A-97 and 
A-98. In particular, the emissions for battery production and assembly were combined to estimate 
battery replacement emissions on a per vehicle basis. For MY 2026-2050 BEVs, BEV battery 
replacement is assumed to occur for an 81-kWh battery as described in Section 3.4.1 of the main 
report and in Table A-97. However, for pre-2026 BEVs, a peak battery energy of 62.5 kWh was 
assumed a weighted average of the battery sizes and cumulative sales of various BEV models from 
2010-2020 in the United States.40 Thus, battery replacement emission factors for BEVs MY <2026 and 
BEVs MY ≥2026 were estimated separately, as represented by the gray bars in Figure 3-5 in the 
main document and Table A-97. Total emissions from the vehicle battery replacement in each 
scenario can be found in Table A-98.


 
38 The LDA vehicle category is the same in EMFAC2007, EMFAC2011, and EMFAC202x vehicle categories.  
39 CARB. 2022. Staff Report: Initial Statement of Reasons. April 12. Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/isor.pdf. Accessed: May 2021. 
40 Lithium-Ion Battery Supply Chain for E-Drive Vehicles in the United States: 2010-2020. March. Available at: 


https://publications.anl.gov/anlpubs/2021/04/167369.pdf. Accessed: May 2022. 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/isor.pdf
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Traveled by LDA PHEVs in Calendar Year 2040 
A-19 Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in 


Calendar Year 2040 
A-20 Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2045 
A-21 Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles 


Traveled by LDA PHEVs in Calendar Year 2045 
A-22 Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in 


Calendar Year 2045 
A-23 Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2050 
A-24 Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles 


Traveled by LDA PHEVs in Calendar Year 2050 
A-25 Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in 


Calendar Year 2050 
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2026 
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2030 
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2035 
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A-30 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 
2045 


A-31 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 
2050 


A-32 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 
2026 


A-33 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 
2030 


A-34 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 
2035 


A-35 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 
2040 


A-36 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 
2045 


A-37 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 
2050 


A-38 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 
2026 


A-39 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 
2030 


A-40 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 
2035 


A-41 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 
2040 


A-42 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 
2045 


A-43 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 
2050 


A-44 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 
2026 


A-45 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 
2030 


A-46 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 
2035 


A-47 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 
2040 


A-48 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 
2045 


A-49 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 
2050 


A-50 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d & 1d-1 in 
Calendar Year 2026 


A-51 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d & 1d-1 in 
Calendar Year 2030 


A-52 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d & 1d-1 in 
Calendar Year 2035 


A-53 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d & 1d-1 in 
Calendar Year 2040 
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A-54 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d & 1d-1 in 
Calendar Year 2045 


A-55 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d & 1d-1 in 
Calendar Year 2050 


A-56 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a & 2b in 
Calendar Year 2026 


A-57 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a & 2b in 
Calendar Year 2030 


A-58 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a & 2b in 
Calendar Year 2035 


A-59 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a & 2b in 
Calendar Year 2040 


A-60 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a & 2b in 
Calendar Year 2045 


A-61 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a & 2b in 
Calendar Year 2050 


A-62 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 
2026 


A-63 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 
2030 


A-64 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 
2035 


A-65 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 
2040 


A-66 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 
2045 


A-67 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 
2050 


A-68 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2, & 
3b in Calendar Year 2026 


A-69 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2, & 
3b in Calendar Year 2030 


A-70 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2, & 
3b in Calendar Year 2035 


A-71 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2, & 
3b in Calendar Year 2040 


A-72 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2, & 
3b in Calendar Year 2045 


A-73 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2, & 
3b in Calendar Year 2050 


A-74 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 
2026 


A-75 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 
2030 


A-76 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 
2035 


A-77 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 
2040 
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A-78 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 
2045 


A-79 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 
2050 


A-80 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 
2026 


A-81 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 
2030 


A-82 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 
2035 


A-83 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 
2040 


A-84 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 
2045 


A-85 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 
2050 


A-86 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 
2026 


A-87 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 
2030 


A-88 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 
2035 


A-89 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 
2040 


A-90 Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 
2045 
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2050 
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A-96 Estimating Vehicle Cycle Emissions for Scenario Analysis 
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Table A-1. Scenario Matrix
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Scenario # Scenario Name Parameter Battery Electric Vehicle
Plug-in Hybrid Electric 


Vehicle Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Internal Combustion Engine 


Vehicle Scenario Description
Fleet Mix1


Fuel Type2


Fleet Mix1


EMFAC2021 default for pre-
2026 MYs, meets ACC II ZEV 
sales requirement with PHEVs 


for MY 2026+


EMFAC2021 default3 N/A N/A Remaining fleet mix


Fuel Type2 Electricity Electricity for eVMT and CaRFG 
for cVMT N/A N/A CaRFG


Fleet Mix1


EMFAC2021 default for pre-
2026 MYs, meets 80% of ACC 
II ZEV sales requirement for 


MY 2026+


EMFAC2021 default for pre-
2026 MYs, meets 20% of ACC 
II ZEV sales requirement for 


MY 2026+


N/A N/A Remaining fleet mix


Fuel Type2 Electricity Electricity for eVMT and CaRFG 
for cVMT N/A N/A CaRFG


Fleet Mix1 N/A Remaining fleet mix


Fuel Type2 Electricity Electricity for eVMT and CaRFG 
for cVMT


CARB SRIA H2 N/A CaRFG


Fleet Mix1 EMFAC2021 default3 EMFAC2021 default3


EMFAC2021 default for pre-
2026 MYs, meets ACC II ZEV 
sales requirement with BEVs 


and PHEVs for MY 2026+


N/A Remaining fleet mix


Fuel Type2 Electricity Electricity for eVMT and CaRFG 
for cVMT


CARB SRIA H2 N/A CaRFG


Fleet Mix1


Fuel Type2 CARB AB32 H2 N/A Same as Scenario S1d


Fleet Mix1 EMFAC2021 default3


EMFAC2021 default for pre-
2026 MYs, meets ACC II ZEV 
sales requirement with BEVs 


for MY 2026+


N/A N/A Remaining fleet mix


Fuel Type2 Electricity Electricity for eVMT and CaRFG 
for cVMT N/A N/A CaRFG


Fleet Mix1 EMFAC2021 default3


EMFAC2021 default for pre-
2026 MYs, meets ACC II ZEV 
sales requirement with BEVs 


for MY 2026+


N/A N/A Remaining fleet mix


Fuel Type2 Electricity
Electricity for eVMT and a 


combination of  CaRFG and 
Low-CI Gasoline for cVMT


N/A N/A A combination of CaRFG and 
Low-CI Gasoline


Fleet Mix1 EMFAC2021 default3 EMFAC2021 default2 N/A


EMFAC2021 default for pre-
2026 MYs, meets ACC II ZEV 
sales requirement with BEVs 


and PHEVs for MY 2026+


Remaining fleet mix


Fuel Type2 Electricity
Electricity for eVMT and a 


combination of CaRFG and Low-
CI Gasoline for cVMT


N/A A combination of CaRFG and 
Low-CI Gas


A combination of CaRFG and 
Low-CI Gasoline


Fleet Mix1


Fuel Type2 Electricity
Electricity for eVMT and a 


combination of CaRFG and Low-
CI Gasoline for cVMT


A combination of CaRFG and 
Low-CI Gasoline


Fleet Mix1


Fuel Type2 Electricity


Electricity for eVMT and a 
combination of CaRFG and Low-
CI Gasoline (upper range) for 


cVMT


A combination of CaRFG and 
Low-CI Gasoline (upper range)EMFAC2021 default3


This scenario assumes that the ZEV sales needed to meet the draft ACC II proposal are met 
with combination of PHEVs, BEVs, and FCEVs as noted in the CARB’s SRIA for the ACC II 
proposal.


This scenario assumes that any additional ZEVs sales beyond those (BEVs and PHEVs) in 
the S0-ACC I Scenario that are needed to meet the ZEV sales requirements in the draft ACC 
II proposal are met with FCEVs. The carbon intensity (CI) of hydrogen fuel used to power 
FCEVs in this scenario was developed based on the feedstock projections in CARB’s SRIA for 
the ACC II proposal. Refer to Section 3.2.4 for further discussion of hydrogen pathways.


This sensitivity scenario is identical to scenario S1d – ACC II (FCEV) with the following 
exception: the CI for hydrogen fuel used to power FCEVs was developed based on the 
assumptions in the AB 32 Source Emissions Initial Modeling Results for the draft 2022 
Scoping Plan Update.


Same as Scenario S1d


Same as Scenario S1d


This scenario assumes that any additional ZEVs sales beyond those (BEVs and PHEVs) in 
the S0-ACC I Scenario that are needed to meet the ZEV sales requirements in the draft ACC 
II proposal are met with all HEVs. It also includes a phase-in of low-CI gasoline (see orange 
area in Figure 2-6) beginning as a replacement of 2% of CaRFG in 2026 and increasing to a 
replacement of 35% and 100% of CaRFG by 2035 and 2050 respectively.  


This vehicle fleet mix for this scenario is identical to scenario S2a – PHEV. However, it also 
includes the gradual phase-in of low-CI gasoline (see orange area in Figure 2-6) beginning 
as a replacement of 1% of CaRFG in 2026 and increasing to a replacement of 30% and 
100% of CaRFG by 2035 and 2050 respectively. 


This sensitivity scenario is identical to scenario S3a – Low CI Gas with the following 
exception: the carbon intensity of the low-CI gasoline is increased by 10 g CO2e/MJ to 29 g 
CO2e/MJ. 


This scenario analyzes the same vehicle fleet mix as S0 – ACC I with a gradual phase-in of 
low-CI gasoline beginning as a replacement of 1% of CaRFG in 2026 and increasing to a 
replacement of 45% and 100% of CaRFG by 2035 and 2050 respectively. The CI of the low-
CI gasoline used in this scenario is 19 g CO2e/MJ.


EMFAC2021 default3


EMFAC2021 default3


EMFAC2021 default3


S0 ACC I EMFAC2021 default3 This scenario serves as the baseline and is based on EMFAC2021 fleet mix defaults, which 
represents ACC I PHEV and BEV sales requirements.


S1c ACC II (CARB SRIA)


This scenario assumes that the ZEV sales needed to meet the ZEV sales requirements in the 
draft ACC II proposal are met with the maximum allowable fraction of PHEVs (20% of ZEV 
sales requirement) and BEVs (80% of ZEV sales requirement).


This scenario assumes that any additional ZEVs sales beyond those (BEVs and PHEVs) in 
the S0-ACC I scenario that are needed to meet the ZEV sales requirements in the draft ACC 
II proposal are met with BEVs.


EMFAC2021 default for pre-2026 MYs, fleet mix assumptions in CARB SRIA were applied to 
meet the ACC II sales requirements4 for MY 2026+


S2a PHEV


S1a ACC II (BEV)


S1b ACC II (BEV + PHEV)


S1d ACC II (FCEV)


ACC II (FCEV) + AB32 H2S1d-1


This scenario assumes that any additional ZEVs sales beyond those (BEVs and PHEVs) in 
the S0-ACC I Scenario that are needed to meet the ZEV sales requirements in the draft ACC 
II proposal are met with PHEVs.


S3a Low-CI Gas


S2c HEV + Low-CI Gas


S2b PHEV + Low-CI Gas


3a-1 Low-CI Gas (Upper Range)
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Table A-1. Scenario Matrix
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Scenario # Scenario Name Parameter Battery Electric Vehicle
Plug-in Hybrid Electric 


Vehicle Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Internal Combustion Engine 


Vehicle Scenario Description
Fleet Mix1


Fuel Type2 Electricity


Electricity for eVMT and a 
combination of CaRFG and Low-
CI Gasoline (lower range) for 


cVMT


A combination of CaRFG and 
Low-CI Gasoline (upper range)


Fleet Mix1


Fuel Type2 Electricity
Electricity for eVMT and a 


combination of CaRFG and Low-
CI Gasoline for cVMT


A combination of CaRFG and 
Low-CI Gasoline


Fleet Mix1


EMFAC2021 default for pre-
2030 MYs, fleet fraction 


increases by 1% annually for 
MY 2030 to MY 2044 and 2% 
annually for subsequent MYs


EMFAC2021 default for pre-
2026 MYs, fleet fraction 


increases by 1% annually for  
MY 2026 to MY 2040 and 2% 
annually for subsequent MYs 


N/A


EMFAC2021 default for pre-
2026 MYs, fleet fraction 


increases from 11% in MY 
2026 to 72% in MY 2033 and 


then begins dropping with 
increases in BEVs and PHEVs 


Remaining fleet mix up to MY 
2032, no additional ICEVs in 


subsequent MYs


Fuel Type2 Electricity
Electricity for eVMT and a 


combination of CaRFG and Low-
CI Gasoline for cVMT


N/A A combination of CaRFG and 
Low-CI Gasoline


A combination of CaRFG and 
Low-CI Gasoline


Fleet Mix1


EMFAC2021 default for pre-
2036 MYs, fleet fraction of 


19% in MY 2036,  increases by 
1% annually from MY 2037 to 
MY 2040, increases by 3.5% 


MY 2041 to MY 2045 and 
remains at 42% for 


subsequent MYs


EMFAC2021 default for pre-
2028 MYs, increases 1% 


annually from MY 2028 to MY 
2031, remains at 8% fleet 


fraction from MY 2031 to MY 
2035, increases by 2% 


annually from MY 2036 to MY 
2039, increases by 4% 


annually in MY 2040 and MY 
2041, and remains at 39% for 


subsequent MYs


N/A


EMFAC2021 default for pre-
2026 MYs, fleet fraction 


increases from 20% in MY 
2026 to 80% for MY 2032 to 
MY 2035 and begins dropping 


with increases in BEVs and 
PHEVs. 


Remaining fleet mix up to MY 
2031, no additional ICEVs in 


subsequent MYs


Fuel Type2 Electricity
Electricity for eVMT and a 


combination of CaRFG and Low-
CI Gasoline for cVMT


N/A A combination of CaRFG and 
Low-CI Gasoline


A combination of CaRFG and 
Low-CI Gasoline


Fleet Mix1


EMFAC2021 default for pre-
2030 MYs, fleet fraction 


increases by 0.5% annually for 
MY 2030 to MY 2044 and 1.5% 
annually for subsequent MYs


EMFAC2021 default for pre-
2026 MYs, fleet fraction 


increases by 1% annually for  
MY 2026 to MY 2040 and 2% 
annually for subsequent MYs 


No FCEVs in pre-2030 MY, 
fleet fraction of 1% in MY 
2030,  increases by 0.5% 


annually for subsequent MYs


EMFAC2021 default for pre-
2026 MYs, fleet fraction 


increases from 11% in MY 
2026 to 72% in MY 2033 and 


then begins dropping with 
increases in BEVs, PHEVs, and 


FCEVs 


Remaining fleet mix


Fuel Type2 Electricity
Electricity for eVMT and a 


combination of CaRFG and Low-
CI Gasoline for cVMT


CARB SRIA H2
A combination of CaRFG and 


Low-CI Gasoline
A combination of CaRFG and 


Low-CI Gasoline


Notes:


Abbreviations:
AB - Assembly Bill CI - carbon intensity FCEV - fuel cell electric vehicle MJ - megajoule
ACC - Advanced Clean Cars CO2e - carbon dioxide equivalent g - gram PHEV - plug-in hybrid electric vehicle
BEV - battery electric vehicle cVMT - combustion vehicle miles traveled GHG - greenhouse gas SRIA - Standardized Regulatory Impact Assessment
CA - California CY - calendar year H2 - hydrogen ZEV- zero emission vehicle


CARB - California Air Resources Board EMFAC - EMission FACtor Model HEV - hybrid electric vehicle N/A - not applicable


CaRFG - California Reformulated Gasoline eVMT - electric vehicle miles traveled ICEV - internal combustion electric vehicle


This scenario evaluates a custom fleet mix with a combination of HEVs, PHEVs, BEVs, and 
ICEVs. It also includes a phase-in of low-CI gasoline (CI of 19 g CO2e/MJ) beginning as a 
replacement of 2% of CaRFG in 2026 and increasing to a replacement of 100% of CaRFG by 
2050.


This scenario is identical to scenario 3a with the following exception: the phase in of low-CI 
gasoline is delayed and occurs more slowly from 2026-2035 (replacement of 1% to 20% of 
CaRFG from 2026-2035) but increases rapidly from 2035-2040 (replacement of 97% and 
100% of CaRFG by 2045 and 2050 respectively), as compared with scenario 3a.


This scenario evaluates a custom fleet mix with a combination of HEVs, PHEVs, BEVs, and 
ICEVs. It also includes a phase-in of low-CI gasoline (CI of 19 g CO2e/MJ) beginning as a 
replacement of 2% of CaRFG in 2026 and increasing to a replacement of 100% of CaRFG by 
2050.


EMFAC2021 default3


EMFAC2021 default3


EMFAC2021 default3


EMFAC2021 default3Low-CI Gas (Lower Range)
This sensitivity scenario is identical to scenario S3a – Low-CI Gas with the following 
exception: the carbon intensity of the low-CI gasoline is reduced by 10 g CO2e/MJ to 9 g 
CO2e/MJ. 


S4a Custom Fleet Mix 1


S4b Custom Fleet Mix 2


S3b Low-CI Gas (Delayed)


S3a-2


S4c Custom Fleet Mix 3


3 In all scenarios, the existing sales fraction and population of PHEVs and BEVs in EMFAC2021 defaults served as the minimum penetration of these vehicle technologies. Thus, while additional BEVs and/or PHEVs were added in some scenarios, only ICEVs in the EMFAC2021 default fleet were replaced with other 
vehicle types as applicable in each scenario. Note, EMFAC2021 default fleet mix does FCEVs. The EMFAC2021 v1.0.1 model is available at: https://arb.ca.gov/emfac/emissions-inventory/ (Accessed: January 2022).
4 Fleet mix assumptions taken from the Standardized Regulatory Impact Assessment (SRIA) for the proposed ACC II. Available at: https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf. Accessed: May 2022.


This scenario evaluates a custom fleet mix with a combination of HEVs, PHEVs, BEVs, 
FCVEs, and ICEVs. This scenario also includes a phase-in of low-CI gasoline (CI of 19 g 
CO2e/MJ) beginning as a replacement of 2% of CaRFG in 2026 and increasing to a 
replacement of 100% of CaRFG by 2050. 


1 Fleet mix for each scenario is presented in Figures 2-3 and 2-4, and described in Section 2 of the report. Detailed fleet mix data is presented in Tables A-26 through A-91.
2 Fuel mix for each scenario is presented in Figures 2-5 through 2-7, and described in Section 2 of the report. Additional details on the types of fuels is presented in Section 3.2.1.
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Table A-2. Upstream (EER-Unadjusted) GHG Emission Factors by Fuel Type
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


CaRFG1
Low-CI 


Gasoline2
Low-CI Gasoline 
(Upper Range)3


Low-CI Gasoline 
(Lower Range)3 Electricity4


CARB SRIA 
Hydrogen5


AB32 
Hydrogen6


2026 29.1 19.0 29.0 9.0 65.3 102.6 7.4


2030 29.1 19.0 29.0 9.0 49.9 98.4 0.81


2035 29.1 19.0 29.0 9.0 36.8 91.8 0.28


2040 29.1 19.0 29.0 9.0 25.7 81.7 0.18


2045 29.1 19.0 29.0 9.0 16.7 65.2 0.14


2050 29.1 19.0 29.0 9.0 11.1 64.8 0.13


Notes:


Abbreviations:


AB - Assembly Bill EMFAC - EMission FACtor Model


ACC - Advanced Clean Cars FCEV - fuel cell electric vehicle


BEV - battery electric vehicle g - gram


CARB - California Air Resources Board GHG - greenhouse gas


CaRFG - California Reformulated Gasoline H2 - hydrogen


CI - carbon intensity MJ - megajoule


CO2e - carbon dioxide equivalent PHEV - plug-in hybrid electric vehicle


EER - energy economy ratio SRIA - Standardized Regulatory Impact Assessment


6 Upstream emission factors for AB32 Hydrogen are estimated as shown in Table A-7 and described in Section 3.2.1.4 of the report. This carbon 
intensity is specific to the hydrogen usage in scenario S1d-1 - ACC II (FCEV) + AB32 H2.


5 Upstream emission factors for CARB SRIA Hydrogen are estimated as shown in Table A-6 and described in Section 3.2.1.4 of the report.


4 Upstream emission factors for electricity used to fuel BEVs and PHEVs are estimated as described in Section 3.2.1.3 of the report.


3 Upper and lower ranges of the upstream emission factors for Low-CI gasoline used in sensitivity scenarios S3a-1 - Low-CI Gas (Upper Range) and 
S3a-2 - Low-CI Gas (Lower Range), are estimated as described in Section 3.2.1.2 of the report.


Calendar Year


Upstream (EER-Unadjusted) GHG Emission Factors 
(g CO2e / MJ fuel)


1 Upstream emission factors for CaRFG are estimated as shown in Table A-4 and described in Section 3.2.1.1 of the report.
2 Upstream emission factors for Low-CI gasoline are estimated as shown in Table 3-1 and described in Section 3.2.1.2 of the report.
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Table A-3. Upstream (EER-Adjusted) GHG Emission Factors by Fuel Type
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


CaRFG1
Low-CI 


Gasoline1
Low-CI Gasoline 
(Upper Range)1


Low-CI Gasoline 
(Lower Range)1 Electricity2


CARB SRIA 
Hydrogen2


AB32 
Hydrogen2


2026 29.1 19.0 29.0 9.0 27.6 41.0 3.0


2030 29.1 19.0 29.0 9.0 21.0 39.3 0.32


2035 29.1 19.0 29.0 9.0 15.5 36.7 0.11


2040 29.1 19.0 29.0 9.0 10.8 32.7 0.07


2045 29.1 19.0 29.0 9.0 7.0 26.1 0.06


2050 29.1 19.0 29.0 9.0 4.7 25.9 0.05


Notes:


Energy Economy Ratios:


BEV3 CY 2026 2.3705


BEV3 CY 2030 2.3716


BEV3 CY 2035 2.3720


BEV3 CY 2040 2.3723


BEV3 CY 2045 2.3718


BEV3 CY 2050 2.3720


FCEV4 CY 2026 - 2050 2.5


Abbreviations:


AB - Assembly Bill EER - energy economy ratio


CARB - California Air Resources Board EMFAC - EMission FACtor Model


CaRFG - California Reformulated Gasoline g - gram


CI - carbon intensity GHG - greenhouse gas


CY - calendar year MJ - megajoule
CO2e - carbon dioxide equivalent SRIA - Standardized Regulatory Impact Assessment


3 The EERs for BEVS were calculated from EMFAC2021 data. Available here: https://arb.ca.gov/emfac/. Accessed: January 2022.
4 The EERs for FCEVs was obtained from the LCFS Final Regulation Order , Table 5. Available here: 
https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf. Accessed: May 2022.


Calendar 
Year


Upstream (EER-Adjusted) GHG Emission Factors 
(g CO2e / MJ of gasoline displaced)


1 Obtained from Table A-2. 
2 Upstream (EER-Adjusted) GHG emission factors for electricity and hydrogen are calculated based on EER-Unadjusted GHG emission 
factors shown in Table A-2 and the EER adjustment ratios for BEVs and FCEVs shown below. 
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Table A-4. Estimating Upstream GHG Emission Factors for CaRFG
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Upstream GHG Emission Factor 
for CARBOB1


(g CO2e/MJ)


Upstream GHG Emission Factor 
for Ethanol2


(g CO2e/MJ)


Ethanol Energy Content in 
CaRFG3


(MJ Ethanol/MJ CaRFG)


Upstream GHG Emission Factor 
for CaRFG4


(g CO2e/MJ)


26.88 59.8 6.61% 29.1


Notes:


Abbreviations:


CA - California


CARBOB - California Reformulated Gasoline Blendstock for Oxygenate Blending


CaRFG - California Reformulated Gasoline


CI - carbon intensity


CO2e - carbon dioxide equivalents


EtOH - ethanol


g - gram


GHG - greenhouse gas


LCFS - Low Carbon Fuel Standard


MJ - megajoule


1Obtained from Table A.1 in CA-GREET3.0 Lookup Table Pathways Technical Support Documentation  dated August 13, 2018. Available at: 
https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf. Accessed: May 2022.
2Estimated as an average of the ethanol carbon intensities available in the most recent LCFS Quarterly Reports at the time of this analysis 
(2020 Q1 to 2021 Q3). Available at: https://ww2.arb.ca.gov/sites/default/files/2022-01/quarterlysummary_013122_0.xlsx. Accessed: May 
2022.
3 The Ethanol energy content of CaRFG was obtained from the CA-GREET3.0 Model - Current Version: Effective January 4, 2019 (released 
August 13, 2018) . Available at: https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-
corrected.xlsm?_ga=2.35180577.1071504132.1642096595-990540269.1603987774. Accessed: May 2022.
4 Estimated as an energy weighted average of the upstream GHG emission factors of CARBOB and ethanol. 


GREET - Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model
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Table A-5. CA-GREET 3.0 California Electricity Grid Mix Inputs for Estimating Upstream GHG 
Emission Factors
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Year1
Residual 


Oil
Natural 


Gas Coal Nuclear Biomass
Hydro-
electric


Geo-
thermal Wind Solar


2026 0.00% 40.64% 0.00% 0.10% 2.87% 9.68% 7.76% 10.34% 28.61%


2030 0.00% 30.29% 0.00% 0.38% 2.56% 9.25% 9.93% 10.76% 36.83%


2035 0.00% 22.25% 0.00% 0.18% 0.30% 8.09% 9.00% 18.74% 41.43%


2040 0.00% 15.13% 0.00% 0.00% 0.00% 6.85% 8.80% 25.11% 44.11%


2045 0.00% 9.66% 0.00% 0.00% 0.00% 6.44% 6.71% 29.65% 47.54%


2050 0.00% 6.05% 0.00% 0.00% 0.00% 5.23% 6.64% 33.98% 48.11%


Notes:


Abbreviations:


CEC - California Energy Commission


1 Electricity grid projections out to 2050 were sourced from Energy and Environmental Economics (E3) 2018 Deep 
Decarbonization report commissioned by the CEC. Available at: https://www.ethree.com/wp-
content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_CEC-500-2018-012-1.pdf. 
Accessed: May 2022. 
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Table A-6. Estimating Upstream GHG Emission Factors for CARB SRIA Hydrogen
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fossil 
Hydrogen


Landfill SMR 
Hydrogen


Curtailment 
Electrolysis 
Hydrogen


Fossil 
Hydrogen2


Landfill SMR 
Hydrogen2


Curtailment 
Electrolysis 
Hydrogen3


2026 60% 35% 5% 114 96.1 0 103
2030 60% 33% 7% 113 94.3 0 98.4
2035 60% 27% 13% 111 92.8 0 91.8
2040 60% 17% 23% 110 91.5 0 81.7
2045 60% 0% 40% 109 90.4 0 65.2
2050 60% 0% 40% 108 89.7 0 64.8


Notes:


Carbon Intensity Data for Hydrogen Pathways:


Fuel 
Pathway 


Code


Total CI for 
the Process5


(g CO2e/MJ 
H2)


HYF 117.67


HYB 99.48


Abbreviations:
CARB - California Air Resources Board
CI - carbon intensity
CO2e - carbon dioxide equivalents


g - gram
H2 - hydrogen


GREET - Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model


3 It was assumed that Curtailment Electrolysis Hydrogen would have a CI of zero, as the hydrogen is produced by electrolysis 
using curtailment electricity.


Calendar 
Year


1 Developed based on the methodology used in the Standardized Regulatory Impact Assessment for the proposed ACC II 
(available at: https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appc1.pdf, accessed: May 2022) and discussions 
with CARB ACC II staff. Refer to Section 3.2.1.4 of the report for further details.


6 Estimated as the ratio of the CI for the gaseous H2 compression and precooling stage to the total CI for California average grid 
electricity (93.75 g CO2e/MJ) in the CA-GREET3.0 Lookup Table Pathways Technical Support Documentation  (available at: 
https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf, accessed: May 2022).


California Grid Electricity 
Used for the Gaseous H2 


Compression and Precooling 
Stage of the Process6


(MJ Electricity/MJ H2)


2 The fuel pathway codes HYF and HYB from the CA-GREET 3.0 Lookup Table Pathways Technical Support Documentation  
(available at: https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf, accessed: May 2022) were used to 
represent Fossil Hydrogen and Landfill SMR Hydrogen respectively. The total carbon intensity CIs for these pathways (noted 
below) were adjusted for improvements in the CI of California average grid electricity used in the gaseous H2 compression and 
precooling stage of the pathway process to estimate the upstream GHG emissions for each calendar year. For each calendar year, 
the adjustment was performed by replacing the portion of the total CI associated with the gaseous H2 compression and precooling 
stage of the process with the product of the electricity used for this stage (shown below) and the upstream GHG emission factor 
for electricity obtained from Table A-2.


Composition of CARB SRIA Hydrogen1


Upstream GHG Emission Factors for the 
Components of CARB SRIA Hydrogen


(g CO2e/MJ) Upstream 
GHG Emission 


Factor for 
CARB SRIA 
Hydrogen4


(g CO2e/MJ)


0.118


0.118


4 Estimated as a composition weighted average of the GHG emission factors for Fossil Hydrogen, Landfill SMR Hydrogen and 
Curtailment Electrolysis Hydrogen.
5 Obtained from Table F.3 in CA-GREET 3.0 Lookup Table Pathways Technical Support Documentation. Available at: 
https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/ca-greet/lut-doc.pdf. Accessed: May 2022.


Process Description
NG to Gaseous H2 from SMR


Biomethane to Gaseous H2 from 
SMR


CI for the Gaseous H2 


Compression and 
Precooling Stage of the 


Process5


(g CO2e/MJ H2)
11.04


11.04
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Table A-7. Estimating Upstream GHG Emission Factors for AB32 Hydrogen
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Total 
Hydrogen1


Landfill SMR 
Hydrogen2


Solar 
Electrolysis 
Hydrogen3


Landfill SMR 
Hydrogen4


Solar Electrolysis 
Hydrogen5


2026 12,056,007 933,718 11,122,289 96.1 0 7.4


2030 109,330,786 933,718 108,397,068 94.3 0 0.81


2035 305,039,242 933,718 304,105,524 92.8 0 0.28


2040 478,787,295 933,718 477,853,578 91.5 0 0.18


2045 583,944,601 933,718 583,010,883 90.4 0 0.14


2050 635,526,470 933,718 634,592,752 89.7 0 0.13


Notes:


Abbreviations:


CI - carbon intensity kg - kilogram
CO2e - carbon dioxide equivalents LCFS - Low Carbon Fuel Standard


EMFAC - EMission FACtors Model LDA - light duty auto


g - gram MJ - megajoule
H2 - Hydrogen NG - natural gas


HYB - Gaseous Hydrogen from Fossil Natural Gas and Steam Reformation of Methane yr - year


HYF - Gaseous Hydrogen from Landfill Biomethane and Steam Reformation of Methane 
GREET - Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model


2 The amount of Landfill SMR Hydrogen consumed in future years is capped at the amount of renewable hydrogen produced in 2021. The 
annual production of renewable hydrogen in 2021 was obtained from Figure ES 8 in the 2021 Annual Hydrogen Evaluation  (available at: 
https://ww2.arb.ca.gov/sites/default/files/2021-09/2021_AB-8_FINAL.pdf, accessed: May 2021). This annual value was converted to a daily 
consumption value using 347 light duty auto operational days per year obtained from the EMFAC2017 Volume III - Technical Documentation 
( available at: https://ww3.arb.ca.gov/msei/downloads/emfac2017-volume-iii-technical-documentation.pdf, accessed: May 2022).


3 Estimated as the difference of the total hydrogen consumed and Landfill SMR Hydrogen consumed. 
4 Obtained from Table A-6.


6 Estimated as an consumption weighted average of GHG emission factors for Landfill SMR Hydrogen and Solar Electrolysis Hydrogen.


5 The upstream GHG emission factor for Solar Electrolysis Hydrogen was assumed to be zero, as hydrogen is produced using electrolysis with 
zero CI electricity that is generated by solar photovoltaic systems.


1 Obtained from Tables A-51 through A-55.


Upstream GHG Emission Factors for the 
Components of AB32 Hydrogen


(g CO2e/MJ)


Fuel Consumption in Scenario 
S1d-1 – ACC II (FCEV) + AB32 H2 


(MJ of hydrogen/day)
Upstream 


GHG Emission Factors 
for AB32 Hydrogen6


(g CO2e/MJ)
Calendar 


Year
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Table A-8. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


1982 0.056 6.48 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


1983 0.055 6.41 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


1984 0.054 6.27 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


1985 0.053 6.17 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1986 0.050 5.82 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1987 0.050 5.79 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


1988 0.050 5.76 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1989 0.049 5.72 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


1990 0.049 5.69 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1991 0.049 5.67 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1992 0.049 5.64 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1993 0.046 5.27 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


1994 0.045 5.24 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


1995 0.045 5.21 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


1996 0.045 5.22 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1997 0.044 5.11 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


1998 0.043 4.97 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


1999 0.042 4.85 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


2000 0.042 4.86 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


2001 0.042 4.85 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


2002 0.042 4.84 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


2003 0.042 4.85 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


2004 0.044 5.04 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


2005 0.043 4.96 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


Hybrid Electric 
Vehicle6,7


Fuel Cell 
Electric 


Vehicle4,5
Internal Combustion 


Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Model Year1
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Table A-8. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Hybrid Electric 
Vehicle6,7


Fuel Cell 
Electric 


Vehicle4,5
Internal Combustion 


Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Model Year1


2006 0.043 4.97 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


2007 0.042 4.85 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


2008 0.042 4.88 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


2009 0.040 4.62 0.386 1.39 N/A N/A N/A N/A N/A N/A N/A


2010 0.036 4.21 0.386 1.39 0.035 4.11 0.302 1.09 N/A N/A N/A


2011 0.038 4.38 0.386 1.39 0.035 4.11 0.302 1.09 N/A N/A N/A


2012 0.036 4.18 0.386 1.39 0.035 4.08 0.302 1.09 N/A N/A N/A


2013 0.035 4.06 0.386 1.39 0.035 4.07 0.302 1.09 N/A N/A N/A


2014 0.035 4.07 0.386 1.39 0.035 4.06 0.302 1.09 N/A N/A N/A


2015 0.034 3.99 0.386 1.39 0.035 4.05 0.302 1.09 N/A N/A N/A


2016 0.034 3.90 0.386 1.39 0.035 4.04 0.302 1.09 N/A N/A N/A


2017 0.034 3.94 0.386 1.39 0.035 4.04 0.302 1.09 N/A N/A N/A


2018 0.034 3.93 0.386 1.39 0.035 4.03 0.302 1.09 N/A N/A N/A


2019 0.033 3.88 0.386 1.39 0.035 4.02 0.302 1.09 N/A N/A N/A


2020 0.033 3.77 0.386 1.39 0.035 4.01 0.302 1.09 N/A N/A N/A


2021 0.032 3.68 0.386 1.39 0.035 4.00 0.302 1.09 N/A N/A N/A


2022 0.031 3.60 0.386 1.39 0.035 4.01 0.302 1.09 N/A N/A N/A


2023 0.030 3.52 0.386 1.39 0.035 4.01 0.302 1.09 N/A N/A N/A


2024 0.030 3.44 0.386 1.39 0.035 4.01 0.302 1.09 N/A N/A N/A


2025 0.029 3.37 0.386 1.39 0.035 4.01 0.302 1.09 N/A N/A N/A
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Table A-8. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Hybrid Electric 
Vehicle6,7


Fuel Cell 
Electric 


Vehicle4,5
Internal Combustion 


Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Model Year1


2026 0.028 3.29 0.386 1.39 0.035 4.02 0.302 1.09 1.32 0.020 2.34


Notes:


115.83 MJ/gal


3.6 MJ/kWh


FCEV EER4 2.5


HEV EER6 1.41


FCEV - fuel cell electric vehicle LCFS - Low Carbon Fuel Standard


gal - gallon mi - mile


HEV - hybrid electric vehicle MJ - megajoule


ICEV - internal combustion engine vehicle MY - model year


kWh - kilowatt hour PHEV - plug-in hybrid electric vehicle


LDA - light duty auto VMT - vehicle mile traveled


8 California Reformulated Gasoline (CaRFG) energy density and the conversion factor from kWh to MJ were obtained from CARB’s Low Carbon Fuel Standard (LCFS) 
Regulation. Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.


BEV - battery electric vehicle


CARB - California Air Resources Board


CaRFG - California Reformulated Gasoline


4  Fuel economies for MY 2026+ FCEVs were estimated by applying an EER of 2.5 to the gasoline ICEV fuel economy. This EER value was obtained from: 
https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf. Accessed: May 2022. 


6 Fuel economies for MY 2026+ HEVs were estimated by applying an EER of 1.41 to the gasoline ICEV fuel economy. This EER value was derived from the 
relative fuel economies of the average MY 2020 HEV and ICEV as obtained from The 2020 EPA Automotive Trends Report. This factor was assumed to remain 
constant in future years and was used to estimate fuel economies for MY 2026 to 2050 HEVs. Available at: 
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1010U68.pdf. Accessed: May 2022.


5 For the purposes of this analysis, we assumed FCEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.


EER - energy economy ratio


EPA - Environmental Protection Agency


EMFAC - EMission FACtor Model


Constants and Conversion Factors:


CaRFG Energy Density8


Abbreviations:


Conversion Factor8


1 Estimated using fuel consumption, energy consumption, and VMT outputs for LDA from EMFAC2021.


7 For the purposes of this analysis, we assumed HEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.


2 Values in shaded cells are not applicable as the light duty auto vehicle fleet in EMFAC2021 does not include MY 1985-1986, 1988, 1990-1992, and 1996 BEVs.
3 Values in shaded cells are not applicable as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
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Table A-9. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in 
Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per Vehicle
(mi/vehicle/day)


Average Daily 
eVMT2


(miles/day)


Average Daily 
cVMT2


(miles/day)


Average Daily 
VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)


1982 4,657 26,874 5.77 0 0 0 N/A N/A


1983 5,273 32,227 6.11 0 0 0 N/A N/A


1984 7,858 52,558 6.69 0 0 0 N/A N/A


1985 10,024 70,578 7.04 0 0 0 N/A N/A


1986 10,647 79,719 7.49 0 0 0 N/A N/A


1987 12,832 101,240 7.89 0 0 0 N/A N/A


1988 12,139 102,970 8.48 0 0 0 N/A N/A


1989 14,970 135,380 9.04 0 0 0 N/A N/A


1990 18,044 174,283 9.66 0 0 0 N/A N/A


1991 21,281 217,683 10.2 0 0 0 N/A N/A


1992 18,332 199,758 10.9 0 0 0 N/A N/A


1993 20,138 233,503 11.6 0 0 0 N/A N/A


1994 22,840 281,137 12.3 0 0 0 N/A N/A


1995 29,675 387,901 13.1 0 0 0 N/A N/A


1996 29,436 407,796 13.9 0 0 0 N/A N/A


1997 39,761 583,473 14.7 0 0 0 N/A N/A


1998 48,817 759,429 15.6 0 0 0 N/A N/A


1999 56,921 938,152 16.5 0 0 0 N/A N/A


2000 76,964 1,342,284 17.4 0 0 0 N/A N/A


2001 87,221 1,606,469 18.4 0 0 0 N/A N/A


2002 102,135 1,992,256 19.5 0 0 0 N/A N/A


2003 127,287 2,622,480 20.6 0 0 0 N/A N/A


2004 143,690 3,119,968 21.7 0 0 0 N/A N/A


2005 191,623 4,384,633 22.9 0 0 0 N/A N/A


2006 225,488 5,424,766 24.1 0 0 0 N/A N/A


2007 275,180 6,939,253 25.2 0 0 0 N/A N/A


2008 258,265 6,829,991 26.4 0 0 0 N/A N/A


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


Model 
Year
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Table A-9. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in 
Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per Vehicle
(mi/vehicle/day)


Average Daily 
eVMT2


(miles/day)


Average Daily 
cVMT2


(miles/day)


Average Daily 
VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


Model 
Year


2009 229,086 6,347,878 27.7 0 0 0 N/A N/A


2010 292,924 8,485,008 29.0 141 167 308 46% 54%


2011 307,002 9,314,386 30.3 7,615 9,007 16,623 46% 54%


2012 465,759 14,799,666 31.8 81,301 96,163 177,464 46% 54%


2013 592,447 19,649,699 33.2 170,161 201,266 371,427 46% 54%


2014 599,553 20,804,616 34.7 261,690 309,525 571,215 46% 54%


2015 738,821 26,786,257 36.3 209,303 247,562 456,865 46% 54%


2016 754,102 28,526,656 37.8 238,915 282,587 521,502 46% 54%


2017 794,462 31,216,468 39.3 650,114 768,951 1,419,065 46% 54%


2018 705,513 28,851,497 40.9 625,674 740,043 1,365,716 46% 54%


2019 622,322 26,519,738 42.6 490,993 544,904 1,035,897 47% 53%


2020 508,892 22,556,130 44.3 525,700 564,979 1,090,679 48% 52%


2021 619,444 28,547,651 46.1 746,145 756,758 1,502,904 50% 50%


2022 724,703 34,701,680 47.9 1,045,860 869,457 1,915,316 55% 45%


2023 731,635 36,367,737 49.7 1,132,848 883,942 2,016,790 56% 44%


2024 747,543 38,509,686 51.5 1,225,174 897,466 2,122,640 58% 42%


2025 758,530 40,393,349 53.3 1,323,268 906,781 2,230,049 59% 41%


2026 706,862 38,782,248 54.9 1,122,062 768,903 1,890,965 59% 41%


Notes:


Abbreviations:


cVMT - combustion vehicle mile traveled mi - mile


EMFAC - EMission FACtor Model MY - model year


eVMT - electric vehicle mile traveled PHEV - plug-in hybrid electric vehicle


ICEV - internal combustion engine vehicle VMT - vehicle miles traveled


LDA - light duty auto


1 Values in shaded cells are zero or not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Obtained from EMFAC2021 data.
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Table A-10. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)


1982 9.48E-03 8.19E-05 5.07E-06 4.38E-08 2.05E-06 1.77E-08 N/A N/A N/A N/A N/A N/A


1983 9.48E-03 8.19E-05 4.83E-06 4.17E-08 1.87E-06 1.61E-08 N/A N/A N/A N/A N/A N/A


1984 9.48E-03 8.19E-05 4.20E-06 3.62E-08 1.86E-06 1.61E-08 N/A N/A N/A N/A N/A N/A


1985 9.48E-03 8.19E-05 4.65E-06 4.02E-08 1.68E-06 1.45E-08 N/A N/A N/A N/A N/A N/A


1986 9.48E-03 8.19E-05 4.82E-06 4.16E-08 1.76E-06 1.52E-08 N/A N/A N/A N/A N/A N/A


1987 9.48E-03 8.19E-05 4.74E-06 4.10E-08 1.75E-06 1.51E-08 N/A N/A N/A N/A N/A N/A


1988 9.48E-03 8.19E-05 4.63E-06 4.00E-08 1.74E-06 1.50E-08 N/A N/A N/A N/A N/A N/A


1989 9.48E-03 8.19E-05 4.54E-06 3.92E-08 1.72E-06 1.48E-08 N/A N/A N/A N/A N/A N/A


1990 9.48E-03 8.19E-05 4.44E-06 3.83E-08 1.71E-06 1.48E-08 N/A N/A N/A N/A N/A N/A


1991 9.48E-03 8.19E-05 4.36E-06 3.76E-08 1.71E-06 1.47E-08 N/A N/A N/A N/A N/A N/A


1992 9.48E-03 8.19E-05 4.27E-06 3.68E-08 1.70E-06 1.47E-08 N/A N/A N/A N/A N/A N/A


1993 9.48E-03 8.19E-05 4.47E-06 3.86E-08 1.81E-06 1.56E-08 N/A N/A N/A N/A N/A N/A


1994 9.48E-03 8.19E-05 4.44E-06 3.84E-08 1.80E-06 1.55E-08 N/A N/A N/A N/A N/A N/A


1995 9.48E-03 8.19E-05 4.39E-06 3.79E-08 1.79E-06 1.54E-08 N/A N/A N/A N/A N/A N/A


1996 9.48E-03 8.19E-05 5.07E-06 4.37E-08 1.98E-06 1.71E-08 N/A N/A N/A N/A N/A N/A


1997 9.48E-03 8.19E-05 4.17E-06 3.60E-08 1.80E-06 1.55E-08 N/A N/A N/A N/A N/A N/A


1998 9.48E-03 8.19E-05 3.30E-06 2.85E-08 1.61E-06 1.39E-08 N/A N/A N/A N/A N/A N/A


1999 9.48E-03 8.19E-05 2.41E-06 2.08E-08 1.41E-06 1.22E-08 N/A N/A N/A N/A N/A N/A


2000 9.48E-03 8.19E-05 1.48E-06 1.28E-08 1.18E-06 1.02E-08 N/A N/A N/A N/A N/A N/A


2001 9.48E-03 8.19E-05 1.38E-06 1.19E-08 1.11E-06 9.61E-09 N/A N/A N/A N/A N/A N/A


2002 9.48E-03 8.19E-05 1.31E-06 1.13E-08 1.07E-06 9.25E-09 N/A N/A N/A N/A N/A N/A


2003 9.48E-03 8.19E-05 1.17E-06 1.01E-08 9.82E-07 8.48E-09 N/A N/A N/A N/A N/A N/A


2004 9.48E-03 8.19E-05 4.91E-07 4.24E-09 2.79E-07 2.41E-09 N/A N/A N/A N/A N/A N/A


2005 9.48E-03 8.19E-05 4.43E-07 3.82E-09 2.73E-07 2.35E-09 N/A N/A N/A N/A N/A N/A


2006 9.48E-03 8.19E-05 3.77E-07 3.25E-09 2.53E-07 2.18E-09 N/A N/A N/A N/A N/A N/A


2007 9.48E-03 8.19E-05 3.82E-07 3.30E-09 2.70E-07 2.33E-09 N/A N/A N/A N/A N/A N/A


2008 9.48E-03 8.19E-05 3.57E-07 3.08E-09 2.61E-07 2.26E-09 N/A N/A N/A N/A N/A N/A


2009 9.48E-03 8.19E-05 3.42E-07 2.96E-09 2.68E-07 2.31E-09 N/A N/A N/A N/A N/A N/A


2010 9.48E-03 8.19E-05 3.53E-07 3.05E-09 2.87E-07 2.48E-09 9.48E-03 8.19E-05 3.53E-07 3.05E-09 1.89E-07 1.63E-09


2011 9.48E-03 8.19E-05 3.40E-07 2.94E-09 2.71E-07 2.34E-09 9.48E-03 8.19E-05 3.40E-07 2.94E-09 1.84E-07 1.59E-09


2012 9.48E-03 8.19E-05 3.27E-07 2.82E-09 2.74E-07 2.37E-09 9.48E-03 8.19E-05 3.30E-07 2.85E-09 1.80E-07 1.56E-09


2013 9.48E-03 8.19E-05 3.14E-07 2.71E-09 2.74E-07 2.36E-09 9.48E-03 8.19E-05 3.20E-07 2.76E-09 1.77E-07 1.53E-09


2014 9.48E-03 8.19E-05 3.07E-07 2.65E-09 2.66E-07 2.30E-09 9.48E-03 8.19E-05 3.10E-07 2.67E-09 1.73E-07 1.49E-09


2015 9.48E-03 8.19E-05 2.99E-07 2.59E-09 2.63E-07 2.27E-09 9.48E-03 8.19E-05 3.00E-07 2.59E-09 1.69E-07 1.46E-09


N2O Emission Factor2CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2
Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1
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Table A-10. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)


N2O Emission Factor2CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2
Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


2016 9.48E-03 8.19E-05 3.27E-07 2.82E-09 2.68E-07 2.31E-09 9.48E-03 8.19E-05 2.91E-07 2.51E-09 1.66E-07 1.43E-09


2017 9.48E-03 8.19E-05 2.97E-07 2.57E-09 2.54E-07 2.19E-09 9.48E-03 8.19E-05 2.83E-07 2.44E-09 1.62E-07 1.40E-09


2018 9.48E-03 8.19E-05 2.78E-07 2.40E-09 2.45E-07 2.12E-09 9.48E-03 8.19E-05 2.75E-07 2.37E-09 1.59E-07 1.38E-09


2019 9.48E-03 8.19E-05 2.58E-07 2.23E-09 2.37E-07 2.04E-09 9.48E-03 8.19E-05 2.73E-07 2.36E-09 1.59E-07 1.37E-09


2020 9.48E-03 8.19E-05 2.47E-07 2.13E-09 2.33E-07 2.01E-09 9.48E-03 8.19E-05 2.69E-07 2.32E-09 1.57E-07 1.36E-09


2021 9.48E-03 8.19E-05 2.28E-07 1.97E-09 2.25E-07 1.94E-09 9.48E-03 8.19E-05 2.67E-07 2.31E-09 1.57E-07 1.35E-09


2022 9.48E-03 8.19E-05 2.06E-07 1.77E-09 2.14E-07 1.85E-09 9.48E-03 8.19E-05 2.80E-07 2.42E-09 1.62E-07 1.40E-09


2023 9.48E-03 8.19E-05 1.85E-07 1.60E-09 2.02E-07 1.74E-09 9.48E-03 8.19E-05 2.80E-07 2.42E-09 1.62E-07 1.40E-09


2024 9.48E-03 8.19E-05 1.64E-07 1.42E-09 1.88E-07 1.62E-09 9.48E-03 8.19E-05 2.80E-07 2.41E-09 1.62E-07 1.39E-09


2025 9.48E-03 8.19E-05 1.32E-07 1.14E-09 1.68E-07 1.45E-09 9.48E-03 8.19E-05 2.80E-07 2.42E-09 1.62E-07 1.40E-09


2026 9.48E-03 8.19E-05 1.26E-07 1.09E-09 1.58E-07 1.36E-09 9.48E-03 8.19E-05 2.74E-07 2.36E-09 1.59E-07 1.37E-09


Notes:


Conversion Factor


CaRFG Energy Density3 115.83 MJ/gal


Abbreviations:


CARB - California Air Resources Board EMFAC - EMission FACtor Model MJ - megajoule


CaRFG - California Reformulated Gasoline gal - gallon MY - model year


CH4 - methane ICEV - internal combustion engine vehicle N2O - Nitrous oxide


CO2 - carbon dioxide LCFS - Low Carbon Fuel Standard PHEV - plug-in hybrid electric vehicle


2 Tailpipe greenhouse gas emission factors were estimated as a ratio of the greenhouse gas emissions (CO2, CH4, N2O) to the gasoline fuel consumption outputs for each 
model year from EMFAC2021 data.
3 California Reformulated Gasoline (CaRFG) energy density for the conversion factor from gal to MJ was obtained from CARB’s Low Carbon Fuel Standard (LCFS) Regulation. 
Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.


1 Values in shaded cells are not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
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Table A-11. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


1986 0.051 5.95 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1987 0.051 5.93 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1988 0.051 5.89 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1989 0.051 5.85 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1990 0.050 5.81 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1991 0.050 5.79 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1992 0.050 5.75 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1993 0.046 5.38 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1994 0.046 5.34 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1995 0.046 5.31 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1996 0.046 5.31 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1997 0.045 5.18 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1998 0.044 5.04 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1999 0.042 4.90 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2000 0.042 4.92 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2001 0.042 4.90 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2002 0.042 4.89 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2003 0.042 4.89 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2004 0.044 5.08 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2005 0.043 5.00 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2006 0.043 5.01 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2007 0.042 4.88 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1
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Table A-11. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1


2008 0.042 4.91 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2009 0.040 4.65 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2010 0.036 4.23 0.386 1.390 0.036 4.16 0.302 1.087 N/A N/A N/A


2011 0.038 4.40 0.386 1.390 0.036 4.16 0.302 1.087 N/A N/A N/A


2012 0.036 4.20 0.386 1.390 0.036 4.13 0.302 1.087 N/A N/A N/A


2013 0.035 4.07 0.386 1.390 0.035 4.11 0.302 1.087 N/A N/A N/A


2014 0.035 4.08 0.386 1.390 0.035 4.10 0.302 1.087 N/A N/A N/A


2015 0.035 4.00 0.386 1.390 0.035 4.09 0.302 1.087 N/A N/A N/A


2016 0.034 3.92 0.386 1.390 0.035 4.07 0.302 1.087 N/A N/A N/A


2017 0.034 3.95 0.386 1.390 0.035 4.07 0.302 1.087 N/A N/A N/A


2018 0.034 3.94 0.386 1.390 0.035 4.06 0.302 1.087 N/A N/A N/A


2019 0.034 3.89 0.386 1.390 0.035 4.05 0.302 1.087 N/A N/A N/A


2020 0.033 3.78 0.386 1.390 0.035 4.04 0.302 1.087 N/A N/A N/A


2021 0.032 3.69 0.386 1.390 0.035 4.03 0.302 1.087 N/A N/A N/A


2022 0.031 3.60 0.386 1.390 0.035 4.04 0.302 1.087 N/A N/A N/A


2023 0.030 3.52 0.386 1.390 0.035 4.03 0.302 1.087 N/A N/A N/A


2024 0.030 3.44 0.386 1.390 0.035 4.03 0.302 1.087 N/A N/A N/A


2025 0.029 3.37 0.386 1.390 0.035 4.03 0.302 1.087 N/A N/A N/A


2026 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.337


2027 0.028 3.29 0.386 1.390 0.035 4.01 0.302 1.087 1.32 0.020 2.336


2028 0.028 3.29 0.386 1.390 0.035 4.01 0.302 1.087 1.32 0.020 2.337


2029 0.028 3.30 0.386 1.390 0.035 4.01 0.302 1.087 1.32 0.020 2.337
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Table A-11. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1


2030 0.028 3.30 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.338


Notes:


Constants and Conversion Factors:


CaRFG Energy Density8 115.83 MJ/gal


Conversion Factor8 3.6 MJ/kWh


FCEV EER4 2.5


HEV EER6 1.41


Abbreviations:


BEV - battery electric vehicle FCEV - fuel cell electric vehicle LCFS - Low Carbon Fuel Standard


CARB - California Air Resources Board gal - gallon mi - mile
CaRFG - California Reformulated Gasoline HEV - hybrid electric vehicle MJ - megajoule


EER - energy economy ratio ICEV - internal combustion engine vehicle MY - model year


EPA - Environmental Protection Agency kWh - kilowatt hour PHEV - plug-in hybrid electric vehicle


EMFAC - EMission FACtor Model LDA - light duty auto VMT - vehicle mile traveled


8 California Reformulated Gasoline (CaRFG) energy density and the conversion factor from kWh to MJ were obtained from CARB’s Low Carbon Fuel Standard (LCFS) 
Regulation. Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.


6 Fuel economies for MY 2026+ HEVs were estimated by applying an EER of 1.41 to the gasoline ICEV fuel economy. This EER value was derived from the 
relative fuel economies of the average MY 2020 HEV and ICEV as obtained from The 2020 EPA Automotive Trends Report. This factor was assumed to remain 
constant in future years and was used to estimate fuel economies for MY 2026 to 2050 HEVs. Available at: 
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1010U68.pdf. Accessed: May 2022.
7 For the purposes of this analysis, we assumed HEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.


1 Estimated using fuel consumption, energy consumption, and VMT outputs for LDA from EMFAC2021.
2 Values in shaded cells are not applicable as the light duty auto vehicle fleet in EMFAC2021 does not include MY 1986, 1988, 1990-1992, and 1996 BEVs.
3 Values in shaded cells are not applicable as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
4  Fuel economies for MY 2026+ FCEVs were estimated by applying an EER of 2.5 to the gasoline ICEV fuel economy. This EER value was obtained from: 
https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf. Accessed: May 2022. 
5 For the purposes of this analysis, we assumed FCEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.
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Table A-12. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in 
Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per Vehicle
(mi/vehicle/day)


Average 
Daily eVMT2


(miles/day)


Average 
Daily cVMT2


(miles/day)
Average Daily VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)


1986 9,277 53,700 5.8 0 0 0 N/A N/A


1987 11,036 66,623 6.0 0 0 0 N/A N/A


1988 10,287 66,938 6.5 0 0 0 N/A N/A


1989 12,682 87,678 6.9 0 0 0 N/A N/A


1990 15,335 113,727 7.4 0 0 0 N/A N/A


1991 17,755 139,333 7.8 0 0 0 N/A N/A


1992 14,968 125,543 8.4 0 0 0 N/A N/A


1993 15,722 140,921 9.0 0 0 0 N/A N/A


1994 16,938 161,630 10 0 0 0 N/A N/A


1995 21,266 216,234 10 0 0 0 N/A N/A


1996 20,041 216,378 11 0 0 0 N/A N/A


1997 25,571 293,230 11 0 0 0 N/A N/A


1998 29,544 360,282 12 0 0 0 N/A N/A


1999 32,392 420,297 13 0 0 0 N/A N/A


2000 41,346 570,135 14 0 0 0 N/A N/A


2001 44,766 655,169 15 0 0 0 N/A N/A


2002 49,911 776,791 16 0 0 0 N/A N/A


2003 59,781 987,738 17 0 0 0 N/A N/A


2004 65,751 1,150,109 17 0 0 0 N/A N/A


2005 86,903 1,608,897 19 0 0 0 N/A N/A


2006 103,055 2,015,934 20 0 0 0 N/A N/A


2007 128,610 2,648,443 21 0 0 0 N/A N/A


2008 125,543 2,723,177 22 0 0 0 N/A N/A


2009 116,809 2,665,820 23 0 0 0 N/A N/A


2010 158,274 3,790,216 24 63 75 138 46% 54%


2011 175,648 4,423,155 25 3,616 4,277 7,894 46% 54%


2012 282,481 7,476,616 26 41,072 48,580 89,652 46% 54%


2013 378,095 10,478,988 28 90,738 107,324 198,062 46% 54%


2014 402,992 11,724,588 29 147,458 174,412 321,870 46% 54%


2015 518,113 15,796,707 30 123,416 145,976 269,392 46% 54%


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1
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Table A-12. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in 
Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per Vehicle
(mi/vehicle/day)


Average 
Daily eVMT2


(miles/day)


Average 
Daily cVMT2


(miles/day)
Average Daily VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


2016 553,278 17,650,767 32 147,786 174,800 322,586 46% 54%


2017 604,853 20,084,898 33 418,135 494,567 912,702 46% 54%


2018 555,971 19,259,219 35 417,450 493,757 911,207 46% 54%


2019 505,059 18,279,445 36 338,461 375,624 714,084 47% 53%


2020 424,894 16,029,340 38 373,698 401,619 775,317 48% 52%


2021 528,088 20,762,889 39 542,857 550,578 1,093,435 50% 50%


2022 629,123 25,762,005 41 776,697 645,693 1,422,390 55% 45%


2023 652,013 27,788,406 43 865,876 675,628 1,541,504 56% 44%


2024 670,253 29,718,527 44 945,654 692,712 1,638,366 58% 42%


2025 697,118 32,142,427 46 1,052,876 721,492 1,774,368 59% 41%


2026 735,995 35,239,627 48 1,019,135 698,371 1,717,506 59% 41%


2027 753,379 37,425,433 50 1,081,272 740,951 1,822,223 59% 41%


2028 774,987 39,867,277 51 1,144,715 784,426 1,929,141 59% 41%


2029 786,767 41,769,541 53 1,188,690 814,560 2,003,250 59% 41%


2030 712,577 38,930,072 55 1,099,919 753,729 1,853,648 59% 41%


Notes:


Abbreviations:


cVMT - combustion vehicle mile traveled mi - mile


EMFAC - EMission FACtor Model MY - model year


eVMT - electric vehicle mile traveled PHEV - plug-in hybrid electric vehicle


ICEV - internal combustion engine vehicle VMT - vehicle miles traveled


LDA - light duty auto


1 Values in shaded cells are zero or not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Obtained from EMFAC2021 data.
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Table A-13. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)


1986 9.48E-03 8.19E-05 5.23E-06 4.51E-08 1.78E-06 1.54E-08 N/A N/A N/A N/A N/A N/A


1987 9.48E-03 8.19E-05 5.18E-06 4.47E-08 1.77E-06 1.53E-08 N/A N/A N/A N/A N/A N/A


1988 9.48E-03 8.19E-05 5.06E-06 4.37E-08 1.76E-06 1.52E-08 N/A N/A N/A N/A N/A N/A


1989 9.48E-03 8.19E-05 4.96E-06 4.28E-08 1.74E-06 1.50E-08 N/A N/A N/A N/A N/A N/A


1990 9.48E-03 8.19E-05 4.85E-06 4.19E-08 1.73E-06 1.49E-08 N/A N/A N/A N/A N/A N/A


1991 9.48E-03 8.19E-05 4.77E-06 4.11E-08 1.73E-06 1.49E-08 N/A N/A N/A N/A N/A N/A


1992 9.48E-03 8.19E-05 4.66E-06 4.02E-08 1.72E-06 1.49E-08 N/A N/A N/A N/A N/A N/A


1993 9.48E-03 8.19E-05 4.87E-06 4.20E-08 1.83E-06 1.58E-08 N/A N/A N/A N/A N/A N/A


1994 9.48E-03 8.19E-05 4.83E-06 4.17E-08 1.82E-06 1.57E-08 N/A N/A N/A N/A N/A N/A


1995 9.48E-03 8.19E-05 4.76E-06 4.11E-08 1.81E-06 1.56E-08 N/A N/A N/A N/A N/A N/A


1996 9.48E-03 8.19E-05 5.50E-06 4.75E-08 2.01E-06 1.73E-08 N/A N/A N/A N/A N/A N/A


1997 9.48E-03 8.19E-05 4.54E-06 3.92E-08 1.83E-06 1.58E-08 N/A N/A N/A N/A N/A N/A


1998 9.48E-03 8.19E-05 3.60E-06 3.11E-08 1.64E-06 1.42E-08 N/A N/A N/A N/A N/A N/A


1999 9.48E-03 8.19E-05 2.64E-06 2.28E-08 1.45E-06 1.26E-08 N/A N/A N/A N/A N/A N/A


2000 9.48E-03 8.19E-05 1.65E-06 1.42E-08 1.22E-06 1.05E-08 N/A N/A N/A N/A N/A N/A


2001 9.48E-03 8.19E-05 1.54E-06 1.33E-08 1.16E-06 9.99E-09 N/A N/A N/A N/A N/A N/A


2002 9.48E-03 8.19E-05 1.46E-06 1.26E-08 1.12E-06 9.63E-09 N/A N/A N/A N/A N/A N/A


2003 9.48E-03 8.19E-05 1.30E-06 1.12E-08 1.03E-06 8.87E-09 N/A N/A N/A N/A N/A N/A


2004 9.48E-03 8.19E-05 5.56E-07 4.80E-09 2.96E-07 2.56E-09 N/A N/A N/A N/A N/A N/A


2005 9.48E-03 8.19E-05 5.01E-07 4.33E-09 2.90E-07 2.51E-09 N/A N/A N/A N/A N/A N/A


2006 9.48E-03 8.19E-05 4.26E-07 3.68E-09 2.71E-07 2.34E-09 N/A N/A N/A N/A N/A N/A


2007 9.48E-03 8.19E-05 4.32E-07 3.73E-09 2.90E-07 2.51E-09 N/A N/A N/A N/A N/A N/A


2008 9.48E-03 8.19E-05 4.04E-07 3.49E-09 2.82E-07 2.43E-09 N/A N/A N/A N/A N/A N/A


2009 9.48E-03 8.19E-05 3.88E-07 3.35E-09 2.90E-07 2.51E-09 N/A N/A N/A N/A N/A N/A


2010 9.48E-03 8.19E-05 4.00E-07 3.45E-09 3.12E-07 2.69E-09 9.48E-03 8.19E-05 4.06E-07 3.50E-09 2.08E-07 1.80E-09


2011 9.48E-03 8.19E-05 3.86E-07 3.33E-09 2.95E-07 2.55E-09 9.48E-03 8.19E-05 3.90E-07 3.37E-09 2.02E-07 1.75E-09


2012 9.48E-03 8.19E-05 3.70E-07 3.20E-09 3.00E-07 2.59E-09 9.48E-03 8.19E-05 3.78E-07 3.26E-09 1.98E-07 1.71E-09


2013 9.48E-03 8.19E-05 3.57E-07 3.08E-09 3.01E-07 2.60E-09 9.48E-03 8.19E-05 3.66E-07 3.16E-09 1.94E-07 1.67E-09


2014 9.48E-03 8.19E-05 3.50E-07 3.02E-09 2.94E-07 2.53E-09 9.48E-03 8.19E-05 3.53E-07 3.04E-09 1.89E-07 1.63E-09


2015 9.48E-03 8.19E-05 3.41E-07 2.95E-09 2.92E-07 2.52E-09 9.48E-03 8.19E-05 3.41E-07 2.94E-09 1.85E-07 1.59E-09


Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2
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Table A-13. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)
Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2


2016 9.48E-03 8.19E-05 3.73E-07 3.22E-09 2.98E-07 2.57E-09 9.48E-03 8.19E-05 3.30E-07 2.85E-09 1.81E-07 1.56E-09


2017 9.48E-03 8.19E-05 3.40E-07 2.94E-09 2.85E-07 2.46E-09 9.48E-03 8.19E-05 3.20E-07 2.76E-09 1.77E-07 1.53E-09


2018 9.48E-03 8.19E-05 3.20E-07 2.76E-09 2.77E-07 2.39E-09 9.48E-03 8.19E-05 3.10E-07 2.68E-09 1.73E-07 1.49E-09


2019 9.48E-03 8.19E-05 2.98E-07 2.57E-09 2.70E-07 2.33E-09 9.48E-03 8.19E-05 3.07E-07 2.65E-09 1.72E-07 1.49E-09


2020 9.48E-03 8.19E-05 2.86E-07 2.47E-09 2.69E-07 2.32E-09 9.48E-03 8.19E-05 3.03E-07 2.61E-09 1.70E-07 1.47E-09


2021 9.48E-03 8.19E-05 2.66E-07 2.29E-09 2.63E-07 2.27E-09 9.48E-03 8.19E-05 3.00E-07 2.59E-09 1.69E-07 1.46E-09


2022 9.48E-03 8.19E-05 2.41E-07 2.08E-09 2.55E-07 2.20E-09 9.48E-03 8.19E-05 3.14E-07 2.72E-09 1.75E-07 1.51E-09


2023 9.48E-03 8.19E-05 2.19E-07 1.89E-09 2.45E-07 2.11E-09 9.48E-03 8.19E-05 3.14E-07 2.71E-09 1.75E-07 1.51E-09


2024 9.48E-03 8.19E-05 1.96E-07 1.69E-09 2.33E-07 2.01E-09 9.48E-03 8.19E-05 3.13E-07 2.70E-09 1.75E-07 1.51E-09


2025 9.48E-03 8.19E-05 1.60E-07 1.38E-09 2.14E-07 1.85E-09 9.48E-03 8.19E-05 3.13E-07 2.70E-09 1.75E-07 1.51E-09


2026 9.48E-03 8.19E-05 1.53E-07 1.32E-09 2.06E-07 1.78E-09 9.48E-03 8.19E-05 3.05E-07 2.63E-09 1.71E-07 1.48E-09


2027 9.48E-03 8.19E-05 1.45E-07 1.25E-09 1.94E-07 1.68E-09 9.48E-03 8.19E-05 2.96E-07 2.56E-09 1.68E-07 1.45E-09


2028 9.48E-03 8.19E-05 1.38E-07 1.19E-09 1.82E-07 1.57E-09 9.48E-03 8.19E-05 2.88E-07 2.49E-09 1.65E-07 1.42E-09


2029 9.48E-03 8.19E-05 1.32E-07 1.14E-09 1.70E-07 1.47E-09 9.48E-03 8.19E-05 2.81E-07 2.43E-09 1.62E-07 1.40E-09


2030 9.48E-03 8.19E-05 1.25E-07 1.08E-09 1.57E-07 1.36E-09 9.48E-03 8.19E-05 2.74E-07 2.37E-09 1.60E-07 1.38E-09


Notes:


Conversion Factor


CaRFG Energy Density3 115.83 MJ/gal


Abbreviations:


CARB - California Air Resources Board EMFAC - EMission FACtor Model MJ - megajoule


CaRFG - California Reformulated Gasoline gal - gallon MY - model year
CH4 - methane ICEV - internal combustion engine vehicle N2O - Nitrous oxide


CO2 - carbon dioxide LCFS - Low Carbon Fuel Standard PHEV - plug-in hybrid electric vehicle


1 Values in shaded cells are not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Tailpipe greenhouse gas emission factors were estimated as a ratio of the greenhouse gas emissions (CO2, CH4, N2O) to the gasoline fuel consumption outputs for each 
model year from EMFAC2021 data.
3 California Reformulated Gasoline (CaRFG) energy density for the conversion factor from gal to MJ was obtained from CARB’s Low Carbon Fuel Standard (LCFS) Regulation. 
Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.
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Table A-14. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


1991 0.051 5.97 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1992 0.051 5.93 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1993 0.048 5.54 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1994 0.047 5.49 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1995 0.047 5.45 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1996 0.047 5.45 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1997 0.046 5.31 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1998 0.044 5.15 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1999 0.043 5.00 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2000 0.043 5.00 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2001 0.043 4.98 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2002 0.043 4.96 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2003 0.043 4.96 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2004 0.044 5.14 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2005 0.044 5.05 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2006 0.044 5.06 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2007 0.043 4.93 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2008 0.043 4.95 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2009 0.040 4.69 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2010 0.037 4.26 0.386 1.390 0.037 4.26 0.302 1.087 N/A N/A N/A


2011 0.038 4.44 0.386 1.390 0.037 4.25 0.302 1.087 N/A N/A N/A


2012 0.036 4.23 0.386 1.390 0.036 4.21 0.302 1.087 N/A N/A N/A


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1
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Table A-14. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1


2013 0.035 4.10 0.386 1.390 0.036 4.19 0.302 1.087 N/A N/A N/A


2014 0.035 4.11 0.386 1.390 0.036 4.17 0.302 1.087 N/A N/A N/A


2015 0.035 4.03 0.386 1.390 0.036 4.15 0.302 1.087 N/A N/A N/A


2016 0.034 3.94 0.386 1.390 0.036 4.13 0.302 1.087 N/A N/A N/A


2017 0.034 3.97 0.386 1.390 0.036 4.13 0.302 1.087 N/A N/A N/A


2018 0.034 3.96 0.386 1.390 0.036 4.11 0.302 1.087 N/A N/A N/A


2019 0.034 3.91 0.386 1.390 0.035 4.10 0.302 1.087 N/A N/A N/A


2020 0.033 3.80 0.386 1.390 0.035 4.09 0.302 1.087 N/A N/A N/A


2021 0.032 3.70 0.386 1.390 0.035 4.08 0.302 1.087 N/A N/A N/A


2022 0.031 3.62 0.386 1.390 0.035 4.09 0.302 1.087 N/A N/A N/A


2023 0.031 3.54 0.386 1.390 0.035 4.08 0.302 1.087 N/A N/A N/A


2024 0.030 3.46 0.386 1.390 0.035 4.08 0.302 1.087 N/A N/A N/A


2025 0.029 3.38 0.386 1.390 0.035 4.07 0.302 1.087 N/A N/A N/A


2026 0.029 3.30 0.386 1.390 0.035 4.06 0.302 1.087 1.32 0.020 2.343


2027 0.028 3.30 0.386 1.390 0.035 4.05 0.302 1.087 1.32 0.020 2.341


2028 0.028 3.30 0.386 1.390 0.035 4.04 0.302 1.087 1.32 0.020 2.340


2029 0.028 3.30 0.386 1.390 0.035 4.04 0.302 1.087 1.32 0.020 2.339


2030 0.028 3.30 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.338


2031 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.337


2032 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.337


2033 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.337


2034 0.028 3.30 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.337
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Table A-14. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1


2035 0.028 3.30 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.338


Notes:


Constants and Conversion Factors:


CaRFG Energy Density8 115.83 MJ/gal


Conversion Factor8 3.6 MJ/kWh


FCEV EER4 2.5


HEV EER6 1.41


Abbreviations:


BEV - battery electric vehicle FCEV - fuel cell electric vehicle LCFS - Low Carbon Fuel Standard


CARB - California Air Resources Board gal - gallon mi - mile
CaRFG - California Reformulated Gasoline HEV - hybrid electric vehicle MJ - megajoule


EER - energy economy ratio ICEV - internal combustion engine vehicle MY - model year


EPA - Environmental Protection Agency kWh - kilowatt hour PHEV - plug-in hybrid electric vehicle


EMFAC - EMission FACtor Model LDA - light duty auto VMT - vehicle mile traveled


8 California Reformulated Gasoline (CaRFG) energy density and the conversion factor from kWh to MJ were obtained from CARB’s Low Carbon Fuel Standard (LCFS) 
Regulation. Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.


6 Fuel economies for MY 2026+ HEVs were estimated by applying an EER of 1.41 to the gasoline ICEV fuel economy. This EER value was derived from the 
relative fuel economies of the average MY 2020 HEV and ICEV as obtained from The 2020 EPA Automotive Trends Report. This factor was assumed to remain 
constant in future years and was used to estimate fuel economies for MY 2026 to 2050 HEVs. Available at: 
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1010U68.pdf. Accessed: May 2022.
7 For the purposes of this analysis, we assumed HEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.


1 Estimated using fuel consumption, energy consumption, and VMT outputs for LDA from EMFAC2021.
2 Values in shaded cells are not applicable as the light duty auto vehicle fleet in EMFAC2021 does not include MY 1991-1992, and 1996 BEVs.
3 Values in shaded cells are not applicable as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
4  Fuel economies for MY 2026+ FCEVs were estimated by applying an EER of 2.5 to the gasoline ICEV fuel economy. This EER value was obtained from: 
https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf. Accessed: May 2022. 
5 For the purposes of this analysis, we assumed FCEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.
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Table A-15. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in 
Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per Vehicle
(mi/vehicle/day)


Average Daily 
eVMT2


(miles/day)


Average 
Daily cVMT2


(miles/day)
Average Daily VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)


1991 14,887 83,238 5.6 0 0 0 N/A N/A


1992 12,386 73,866 6.0 0 0 0 N/A N/A


1993 12,876 82,099 6.4 0 0 0 N/A N/A


1994 13,908 94,494 6.8 0 0 0 N/A N/A


1995 17,011 123,543 7.3 0 0 0 N/A N/A


1996 15,726 121,539 7.7 0 0 0 N/A N/A


1997 19,249 158,576 8.2 0 0 0 N/A N/A


1998 21,231 187,010 8.8 0 0 0 N/A N/A


1999 21,841 205,304 9.4 0 0 0 N/A N/A


2000 26,428 265,384 10 0 0 0 N/A N/A


2001 26,524 283,726 11 0 0 0 N/A N/A


2002 27,790 317,518 11 0 0 0 N/A N/A


2003 30,887 376,225 12 0 0 0 N/A N/A


2004 31,459 408,283 13 0 0 0 N/A N/A


2005 38,743 535,327 14 0 0 0 N/A N/A


2006 43,503 638,613 15 0 0 0 N/A N/A


2007 51,445 799,312 16 0 0 0 N/A N/A


2008 48,196 793,719 16 0 0 0 N/A N/A


2009 43,832 763,803 17 0 0 0 N/A N/A


2010 59,373 1,091,266 18 18 21 40 46% 54%


2011 67,186 1,306,293 19 1,068 1,263 2,331 46% 54%


2012 112,410 2,309,971 21 12,690 15,010 27,700 46% 54%


2013 158,581 3,430,157 22 29,703 35,132 64,835 46% 54%


2014 180,829 4,127,429 23 51,909 61,397 113,306 46% 54%


2015 248,911 5,985,259 24 46,760 55,307 102,067 46% 54%


2016 285,862 7,224,095 25 60,473 71,527 131,999 46% 54%


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1
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Table A-15. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in 
Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per Vehicle
(mi/vehicle/day)


Average Daily 
eVMT2


(miles/day)


Average 
Daily cVMT2


(miles/day)
Average Daily VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


2017 332,615 8,781,906 26 182,759 216,166 398,925 46% 54%


2018 327,985 9,068,940 28 196,448 232,358 428,806 46% 54%


2019 314,542 9,122,584 29 168,863 187,404 356,267 47% 53%


2020 281,575 8,538,414 30 199,152 214,033 413,185 48% 52%


2021 366,087 11,609,825 32 303,685 308,004 611,689 50% 50%


2022 459,912 15,239,652 33 459,675 382,142 841,817 55% 45%


2023 491,823 17,014,444 35 530,420 413,878 944,297 56% 44%


2024 528,134 19,062,159 36 606,875 444,549 1,051,424 58% 42%


2025 560,849 21,113,845 38 691,977 474,183 1,166,161 59% 41%


2026 611,788 23,987,125 39 694,031 475,591 1,169,622 59% 41%


2027 641,056 26,164,902 41 756,264 518,236 1,274,500 59% 41%


2028 673,388 28,593,522 42 821,257 562,774 1,384,031 59% 41%


2029 697,604 30,804,673 44 876,678 600,751 1,477,429 59% 41%


2030 724,988 33,263,210 46 939,492 643,795 1,583,287 59% 41%


2031 747,432 35,611,885 48 1,005,719 689,178 1,694,896 59% 41%


2032 766,329 37,880,091 49 1,069,693 733,017 1,802,710 59% 41%


2033 789,556 40,405,518 51 1,141,034 781,903 1,922,937 59% 41%


2034 801,955 42,330,283 53 1,195,570 819,275 2,014,845 59% 41%


2035 727,792 39,498,292 54 1,115,874 764,662 1,880,536 59% 41%


Notes:


Abbreviations:


cVMT - combustion vehicle mile traveled mi - mile


EMFAC - EMission FACtor Model MY - model year


eVMT - electric vehicle mile traveled PHEV - plug-in hybrid electric vehicle


ICEV - internal combustion engine vehicle VMT - vehicle miles traveled


LDA - light duty auto


1 Values in shaded cells are zero or not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Obtained from EMFAC2021 data.
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Table A-16. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)


1991 9.48E-03 8.19E-05 5.32E-06 4.59E-08 1.75E-06 1.51E-08 N/A N/A N/A N/A N/A N/A


1992 9.48E-03 8.19E-05 5.22E-06 4.51E-08 1.75E-06 1.51E-08 N/A N/A N/A N/A N/A N/A


1993 9.48E-03 8.19E-05 5.46E-06 4.71E-08 1.86E-06 1.60E-08 N/A N/A N/A N/A N/A N/A


1994 9.48E-03 8.19E-05 5.41E-06 4.67E-08 1.85E-06 1.59E-08 N/A N/A N/A N/A N/A N/A


1995 9.48E-03 8.19E-05 5.33E-06 4.60E-08 1.84E-06 1.59E-08 N/A N/A N/A N/A N/A N/A


1996 9.48E-03 8.19E-05 6.18E-06 5.33E-08 2.05E-06 1.77E-08 N/A N/A N/A N/A N/A N/A


1997 9.48E-03 8.19E-05 5.11E-06 4.41E-08 1.88E-06 1.63E-08 N/A N/A N/A N/A N/A N/A


1998 9.48E-03 8.19E-05 4.07E-06 3.51E-08 1.70E-06 1.47E-08 N/A N/A N/A N/A N/A N/A


1999 9.48E-03 8.19E-05 3.01E-06 2.59E-08 1.52E-06 1.31E-08 N/A N/A N/A N/A N/A N/A


2000 9.48E-03 8.19E-05 1.90E-06 1.64E-08 1.29E-06 1.11E-08 N/A N/A N/A N/A N/A N/A


2001 9.48E-03 8.19E-05 1.78E-06 1.53E-08 1.22E-06 1.05E-08 N/A N/A N/A N/A N/A N/A


2002 9.48E-03 8.19E-05 1.68E-06 1.45E-08 1.17E-06 1.01E-08 N/A N/A N/A N/A N/A N/A


2003 9.48E-03 8.19E-05 1.49E-06 1.29E-08 1.08E-06 9.32E-09 N/A N/A N/A N/A N/A N/A


2004 9.48E-03 8.19E-05 6.51E-07 5.62E-09 3.20E-07 2.76E-09 N/A N/A N/A N/A N/A N/A


2005 9.48E-03 8.19E-05 5.86E-07 5.06E-09 3.14E-07 2.71E-09 N/A N/A N/A N/A N/A N/A


2006 9.48E-03 8.19E-05 4.98E-07 4.30E-09 2.94E-07 2.54E-09 N/A N/A N/A N/A N/A N/A


2007 9.48E-03 8.19E-05 5.05E-07 4.36E-09 3.16E-07 2.72E-09 N/A N/A N/A N/A N/A N/A


2008 9.48E-03 8.19E-05 4.72E-07 4.07E-09 3.07E-07 2.65E-09 N/A N/A N/A N/A N/A N/A


2009 9.48E-03 8.19E-05 4.52E-07 3.90E-09 3.18E-07 2.74E-09 N/A N/A N/A N/A N/A N/A


2010 9.48E-03 8.19E-05 4.67E-07 4.03E-09 3.42E-07 2.96E-09 9.48E-03 8.19E-05 4.92E-07 4.25E-09 2.39E-07 2.06E-09


2011 9.48E-03 8.19E-05 4.50E-07 3.88E-09 3.25E-07 2.80E-09 9.48E-03 8.19E-05 4.70E-07 4.06E-09 2.31E-07 1.99E-09


2012 9.48E-03 8.19E-05 4.32E-07 3.73E-09 3.31E-07 2.86E-09 9.48E-03 8.19E-05 4.54E-07 3.92E-09 2.26E-07 1.95E-09


2013 9.48E-03 8.19E-05 4.17E-07 3.60E-09 3.34E-07 2.88E-09 9.48E-03 8.19E-05 4.38E-07 3.78E-09 2.20E-07 1.90E-09


2014 9.48E-03 8.19E-05 4.09E-07 3.53E-09 3.26E-07 2.82E-09 9.48E-03 8.19E-05 4.21E-07 3.64E-09 2.14E-07 1.85E-09


2015 9.48E-03 8.19E-05 3.99E-07 3.45E-09 3.26E-07 2.82E-09 9.48E-03 8.19E-05 4.06E-07 3.50E-09 2.08E-07 1.80E-09


2016 9.48E-03 8.19E-05 4.37E-07 3.77E-09 3.32E-07 2.87E-09 9.48E-03 8.19E-05 3.91E-07 3.38E-09 2.03E-07 1.76E-09


2017 9.48E-03 8.19E-05 4.00E-07 3.45E-09 3.20E-07 2.76E-09 9.48E-03 8.19E-05 3.78E-07 3.27E-09 1.98E-07 1.71E-09


2018 9.48E-03 8.19E-05 3.76E-07 3.25E-09 3.13E-07 2.71E-09 9.48E-03 8.19E-05 3.66E-07 3.16E-09 1.94E-07 1.67E-09


2019 9.48E-03 8.19E-05 3.51E-07 3.03E-09 3.09E-07 2.67E-09 9.48E-03 8.19E-05 3.61E-07 3.12E-09 1.92E-07 1.66E-09


Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2
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Table A-16. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)
Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2


2020 9.48E-03 8.19E-05 3.38E-07 2.92E-09 3.10E-07 2.68E-09 9.48E-03 8.19E-05 3.55E-07 3.07E-09 1.90E-07 1.64E-09


2021 9.48E-03 8.19E-05 3.15E-07 2.72E-09 3.07E-07 2.65E-09 9.48E-03 8.19E-05 3.51E-07 3.03E-09 1.89E-07 1.63E-09


2022 9.48E-03 8.19E-05 2.88E-07 2.49E-09 3.01E-07 2.60E-09 9.48E-03 8.19E-05 3.67E-07 3.17E-09 1.95E-07 1.68E-09


2023 9.48E-03 8.19E-05 2.63E-07 2.27E-09 2.93E-07 2.53E-09 9.48E-03 8.19E-05 3.66E-07 3.16E-09 1.94E-07 1.68E-09


2024 9.48E-03 8.19E-05 2.37E-07 2.05E-09 2.84E-07 2.45E-09 9.48E-03 8.19E-05 3.64E-07 3.15E-09 1.94E-07 1.67E-09


2025 9.48E-03 8.19E-05 1.96E-07 1.69E-09 2.64E-07 2.28E-09 9.48E-03 8.19E-05 3.64E-07 3.14E-09 1.94E-07 1.67E-09


2026 9.48E-03 8.19E-05 1.89E-07 1.63E-09 2.59E-07 2.24E-09 9.48E-03 8.19E-05 3.53E-07 3.05E-09 1.90E-07 1.64E-09


2027 9.48E-03 8.19E-05 1.80E-07 1.56E-09 2.48E-07 2.15E-09 9.48E-03 8.19E-05 3.43E-07 2.96E-09 1.86E-07 1.60E-09


2028 9.48E-03 8.19E-05 1.73E-07 1.50E-09 2.38E-07 2.06E-09 9.48E-03 8.19E-05 3.33E-07 2.87E-09 1.82E-07 1.57E-09


2029 9.48E-03 8.19E-05 1.66E-07 1.44E-09 2.28E-07 1.97E-09 9.48E-03 8.19E-05 3.23E-07 2.79E-09 1.78E-07 1.54E-09


2030 9.48E-03 8.19E-05 1.59E-07 1.37E-09 2.17E-07 1.87E-09 9.48E-03 8.19E-05 3.14E-07 2.71E-09 1.75E-07 1.51E-09


2031 9.48E-03 8.19E-05 1.52E-07 1.32E-09 2.06E-07 1.78E-09 9.48E-03 8.19E-05 3.06E-07 2.64E-09 1.72E-07 1.48E-09


2032 9.48E-03 8.19E-05 1.45E-07 1.26E-09 1.94E-07 1.68E-09 9.48E-03 8.19E-05 2.97E-07 2.57E-09 1.68E-07 1.45E-09


2033 9.48E-03 8.19E-05 1.39E-07 1.20E-09 1.82E-07 1.57E-09 9.48E-03 8.19E-05 2.89E-07 2.50E-09 1.65E-07 1.43E-09


2034 9.48E-03 8.19E-05 1.32E-07 1.14E-09 1.70E-07 1.47E-09 9.48E-03 8.19E-05 2.82E-07 2.43E-09 1.62E-07 1.40E-09


2035 9.48E-03 8.19E-05 1.26E-07 1.08E-09 1.57E-07 1.36E-09 9.48E-03 8.19E-05 2.76E-07 2.38E-09 1.60E-07 1.38E-09


Notes:


Conversion Factor


CaRFG Energy Density3 115.83 MJ/gal


Abbreviations:


CARB - California Air Resources Board EMFAC - EMission FACtor Model MJ - megajoule


CaRFG - California Reformulated Gasoline gal - gallon MY - model year
CH4 - methane ICEV - internal combustion engine vehicle N2O - Nitrous oxide


CO2 - carbon dioxide LCFS - Low Carbon Fuel Standard PHEV - plug-in hybrid electric vehicle


1 Values in shaded cells are not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Tailpipe greenhouse gas emission factors were estimated as a ratio of the greenhouse gas emissions (CO2, CH4, N2O) to the gasoline fuel consumption outputs for each 
model year from EMFAC2021 data.
3 California Reformulated Gasoline (CaRFG) energy density for the conversion factor from gal to MJ was obtained from CARB’s Low Carbon Fuel Standard (LCFS) Regulation. 
Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.
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Table A-17. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


1996 0.049 5.63 N/A N/A N/A N/A N/A N/A N/A N/A N/A


1997 0.047 5.47 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1998 0.046 5.29 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


1999 0.044 5.12 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2000 0.044 5.11 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2001 0.044 5.08 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2002 0.044 5.06 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2003 0.044 5.05 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2004 0.045 5.23 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2005 0.044 5.13 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2006 0.044 5.13 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2007 0.043 5.00 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2008 0.043 5.02 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2009 0.041 4.75 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2010 0.037 4.31 0.386 1.390 0.038 4.41 0.302 1.087 N/A N/A N/A


2011 0.039 4.49 0.386 1.390 0.038 4.39 0.302 1.087 N/A N/A N/A


2012 0.037 4.27 0.386 1.390 0.037 4.34 0.302 1.087 N/A N/A N/A


2013 0.036 4.14 0.386 1.390 0.037 4.30 0.302 1.087 N/A N/A N/A


2014 0.036 4.15 0.386 1.390 0.037 4.27 0.302 1.087 N/A N/A N/A


2015 0.035 4.06 0.386 1.390 0.037 4.25 0.302 1.087 N/A N/A N/A


2016 0.034 3.97 0.386 1.390 0.036 4.22 0.302 1.087 N/A N/A N/A


2017 0.035 4.00 0.386 1.390 0.036 4.21 0.302 1.087 N/A N/A N/A


2018 0.034 3.99 0.386 1.390 0.036 4.19 0.302 1.087 N/A N/A N/A


2019 0.034 3.94 0.386 1.390 0.036 4.17 0.302 1.087 N/A N/A N/A


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1
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Table A-17. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1


2020 0.033 3.82 0.386 1.390 0.036 4.15 0.302 1.087 N/A N/A N/A


2021 0.032 3.72 0.386 1.390 0.036 4.14 0.302 1.087 N/A N/A N/A


2022 0.031 3.64 0.386 1.390 0.036 4.15 0.302 1.087 N/A N/A N/A


2023 0.031 3.55 0.386 1.390 0.036 4.14 0.302 1.087 N/A N/A N/A


2024 0.030 3.47 0.386 1.390 0.036 4.13 0.302 1.087 N/A N/A N/A


2025 0.029 3.39 0.386 1.390 0.036 4.13 0.302 1.087 N/A N/A N/A


2026 0.029 3.32 0.386 1.390 0.035 4.11 0.302 1.087 1.33 0.020 2.353


2027 0.029 3.31 0.386 1.390 0.035 4.10 0.302 1.087 1.33 0.020 2.351


2028 0.029 3.31 0.386 1.390 0.035 4.09 0.302 1.087 1.32 0.020 2.349


2029 0.029 3.31 0.386 1.390 0.035 4.08 0.302 1.087 1.32 0.020 2.347


2030 0.029 3.31 0.386 1.390 0.035 4.07 0.302 1.087 1.32 0.020 2.345


2031 0.029 3.30 0.386 1.390 0.035 4.06 0.302 1.087 1.32 0.020 2.343


2032 0.028 3.30 0.386 1.390 0.035 4.06 0.302 1.087 1.32 0.020 2.341


2033 0.028 3.30 0.386 1.390 0.035 4.05 0.302 1.087 1.32 0.020 2.340


2034 0.028 3.30 0.386 1.390 0.035 4.04 0.302 1.087 1.32 0.020 2.339


2035 0.028 3.30 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.338


2036 0.028 3.29 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.337


2037 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.337


2038 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.337


2039 0.028 3.30 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.338
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Table A-17. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1


2040 0.028 3.30 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.339


Notes:


Constants and Conversion Factors:


CaRFG Energy Density8 115.83 MJ/gal


Conversion Factor8 3.6 MJ/kWh


FCEV EER4 2.5


HEV EER6 1.41


Abbreviations:


BEV - battery electric vehicle FCEV - fuel cell electric vehicle LCFS - Low Carbon Fuel Standard


CARB - California Air Resources Board gal - gallon mi - mile
CaRFG - California Reformulated Gasoline HEV - hybrid electric vehicle MJ - megajoule


EER - energy economy ratio ICEV - internal combustion engine vehicle MY - model year


EPA - Environmental Protection Agency kWh - kilowatt hour PHEV - plug-in hybrid electric vehicle


EMFAC - EMission FACtor Model LDA - light duty auto VMT - vehicle mile traveled


8 California Reformulated Gasoline (CaRFG) energy density and the conversion factor from kWh to MJ were obtained from CARB’s Low Carbon Fuel Standard (LCFS) 
Regulation. Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.


6 Fuel economies for MY 2026+ HEVs were estimated by applying an EER of 1.41 to the gasoline ICEV fuel economy. This EER value was derived from the 
relative fuel economies of the average MY 2020 HEV and ICEV as obtained from The 2020 EPA Automotive Trends Report. This factor was assumed to remain 
constant in future years and was used to estimate fuel economies for MY 2026 to 2050 HEVs. Available at: 
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1010U68.pdf. Accessed: May 2022.


7 For the purposes of this analysis, we assumed HEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.


1 Estimated using fuel consumption, energy consumption, and VMT outputs for LDA from EMFAC2021.
2 Values in shaded cells are not applicable as the light duty auto vehicle fleet in EMFAC2021 does not include MY 1996 BEVs.
3 Values in shaded cells are not applicable as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
4  Fuel economies for MY 2026+ FCEVs were estimated by applying an EER of 2.5 to the gasoline ICEV fuel economy. This EER value was obtained from: 
https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf. Accessed: May 2022. 
5 For the purposes of this analysis, we assumed FCEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.
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Table A-18. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in 
Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per Vehicle
(mi/vehicle/day)


Average Daily 
eVMT2


(miles/day)


Average Daily 
cVMT2


(miles/day)
Average Daily VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)


1996 13,224 72,312 5.5 0 0 0 N/A N/A


1997 15,957 92,752 5.8 0 0 0 N/A N/A


1998 17,428 108,316 6.2 0 0 0 N/A N/A


1999 17,981 119,531 6.6 0 0 0 N/A N/A


2000 21,212 151,161 7.1 0 0 0 N/A N/A


2001 20,869 159,156 7.6 0 0 0 N/A N/A


2002 20,957 171,479 8.2 0 0 0 N/A N/A


2003 22,226 195,022 8.8 0 0 0 N/A N/A


2004 21,228 199,248 9.4 0 0 0 N/A N/A


2005 24,808 249,161 10 0 0 0 N/A N/A


2006 25,795 276,191 11 0 0 0 N/A N/A


2007 28,657 326,097 11 0 0 0 N/A N/A


2008 24,894 301,500 12 0 0 0 N/A N/A


2009 20,958 270,212 13 0 0 0 N/A N/A


2010 26,447 361,660 14 6.0 7.1 13 46% 54%


2011 28,341 412,245 15 337 399 736 46% 54%


2012 44,963 695,148 15 3,820 4,518 8,337 46% 54%


2013 60,869 996,499 16 8,631 10,209 18,841 46% 54%


2014 67,874 1,179,323 17 14,836 17,547 32,383 46% 54%


2015 93,376 1,719,251 18 13,435 15,891 29,326 46% 54%


2016 109,366 2,128,788 19 17,821 21,079 38,900 46% 54%


2017 132,055 2,699,673 20 56,183 66,452 122,635 46% 54%


2018 137,285 2,954,566 22 64,013 75,714 139,728 46% 54%


2019 141,083 3,200,331 23 59,257 65,763 125,020 47% 53%


2020 135,652 3,231,000 24 75,437 81,073 156,509 48% 52%


2021 189,590 4,743,853 25 124,202 125,969 250,170 50% 50%


2022 253,809 6,663,799 26 201,169 167,239 368,408 55% 45%


2023 291,017 8,008,938 28 249,865 194,966 444,831 56% 44%


2024 329,600 9,500,130 29 302,663 221,707 524,369 58% 42%


2025 371,783 11,216,709 30 367,851 252,073 619,924 59% 41%


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1
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Table A-18. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in 
Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per Vehicle
(mi/vehicle/day)


Average Daily 
eVMT2


(miles/day)


Average Daily 
cVMT2


(miles/day)
Average Daily VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


2026 424,233 13,376,857 32 387,238 265,358 652,596 59% 41%


2027 468,739 15,435,541 33 446,370 305,879 752,249 59% 41%


2028 508,037 17,458,838 34 501,706 343,798 845,504 59% 41%


2029 549,764 19,702,986 36 561,028 384,449 945,477 59% 41%


2030 583,369 21,789,367 37 615,754 421,951 1,037,705 59% 41%


2031 621,402 24,173,776 39 683,067 468,078 1,151,145 59% 41%


2032 652,332 26,418,301 40 746,398 511,476 1,257,874 59% 41%


2033 686,690 28,932,714 42 817,336 560,087 1,377,423 59% 41%


2034 712,396 31,215,626 44 881,714 604,202 1,485,917 59% 41%


2035 742,681 33,813,271 46 954,983 654,410 1,609,393 59% 41%


2036 764,974 36,168,195 47 1,021,378 699,908 1,721,285 59% 41%


2037 783,440 38,427,887 49 1,085,103 743,576 1,828,679 59% 41%


2038 805,975 40,923,252 51 1,155,587 791,876 1,947,462 59% 41%


2039 817,118 42,781,561 52 1,208,239 827,956 2,036,195 59% 41%


2040 739,955 39,816,664 54 1,124,791 770,773 1,895,564 59% 41%


Notes:


Abbreviations:


cVMT - combustion vehicle mile traveled mi - mile


EMFAC - EMission FACtor Model MY - model year


eVMT - electric vehicle mile traveled PHEV - plug-in hybrid electric vehicle


ICEV - internal combustion engine vehicle VMT - vehicle miles traveled


LDA - light duty auto


1 Values in shaded cells are zero or not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Obtained from EMFAC2021 data.
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Table A-19. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)


1996 9.48E-03 8.19E-05 6.93E-06 5.98E-08 2.10E-06 1.81E-08 N/A N/A N/A N/A N/A N/A


1997 9.48E-03 8.19E-05 5.78E-06 4.99E-08 1.94E-06 1.68E-08 N/A N/A N/A N/A N/A N/A


1998 9.48E-03 8.19E-05 4.63E-06 4.00E-08 1.77E-06 1.53E-08 N/A N/A N/A N/A N/A N/A


1999 9.48E-03 8.19E-05 3.46E-06 2.99E-08 1.60E-06 1.38E-08 N/A N/A N/A N/A N/A N/A


2000 9.48E-03 8.19E-05 2.23E-06 1.92E-08 1.37E-06 1.18E-08 N/A N/A N/A N/A N/A N/A


2001 9.48E-03 8.19E-05 2.08E-06 1.79E-08 1.30E-06 1.12E-08 N/A N/A N/A N/A N/A N/A


2002 9.48E-03 8.19E-05 1.96E-06 1.70E-08 1.25E-06 1.08E-08 N/A N/A N/A N/A N/A N/A


2003 9.48E-03 8.19E-05 1.74E-06 1.50E-08 1.15E-06 9.89E-09 N/A N/A N/A N/A N/A N/A


2004 9.48E-03 8.19E-05 7.73E-07 6.67E-09 3.49E-07 3.01E-09 N/A N/A N/A N/A N/A N/A


2005 9.48E-03 8.19E-05 6.93E-07 5.98E-09 3.42E-07 2.95E-09 N/A N/A N/A N/A N/A N/A


2006 9.48E-03 8.19E-05 5.88E-07 5.08E-09 3.22E-07 2.78E-09 N/A N/A N/A N/A N/A N/A


2007 9.48E-03 8.19E-05 5.95E-07 5.13E-09 3.45E-07 2.98E-09 N/A N/A N/A N/A N/A N/A


2008 9.48E-03 8.19E-05 5.55E-07 4.79E-09 3.35E-07 2.89E-09 N/A N/A N/A N/A N/A N/A


2009 9.48E-03 8.19E-05 5.30E-07 4.57E-09 3.47E-07 2.99E-09 N/A N/A N/A N/A N/A N/A


2010 9.48E-03 8.19E-05 5.46E-07 4.71E-09 3.74E-07 3.23E-09 9.48E-03 8.19E-05 6.07E-07 5.24E-09 2.77E-07 2.39E-09


2011 9.48E-03 8.19E-05 5.26E-07 4.54E-09 3.54E-07 3.06E-09 9.48E-03 8.19E-05 5.78E-07 4.99E-09 2.67E-07 2.31E-09


2012 9.48E-03 8.19E-05 5.05E-07 4.36E-09 3.62E-07 3.13E-09 9.48E-03 8.19E-05 5.57E-07 4.81E-09 2.61E-07 2.25E-09


2013 9.48E-03 8.19E-05 4.86E-07 4.20E-09 3.66E-07 3.16E-09 9.48E-03 8.19E-05 5.36E-07 4.63E-09 2.54E-07 2.19E-09


2014 9.48E-03 8.19E-05 4.77E-07 4.12E-09 3.58E-07 3.09E-09 9.48E-03 8.19E-05 5.13E-07 4.43E-09 2.46E-07 2.13E-09


2015 9.48E-03 8.19E-05 4.66E-07 4.02E-09 3.59E-07 3.10E-09 9.48E-03 8.19E-05 4.93E-07 4.25E-09 2.39E-07 2.06E-09


2016 9.48E-03 8.19E-05 5.11E-07 4.41E-09 3.66E-07 3.16E-09 9.48E-03 8.19E-05 4.74E-07 4.09E-09 2.33E-07 2.01E-09


2017 9.48E-03 8.19E-05 4.67E-07 4.03E-09 3.54E-07 3.05E-09 9.48E-03 8.19E-05 4.56E-07 3.94E-09 2.26E-07 1.95E-09


2018 9.48E-03 8.19E-05 4.40E-07 3.80E-09 3.48E-07 3.00E-09 9.48E-03 8.19E-05 4.39E-07 3.79E-09 2.21E-07 1.90E-09


2019 9.48E-03 8.19E-05 4.11E-07 3.54E-09 3.46E-07 2.98E-09 9.48E-03 8.19E-05 4.33E-07 3.74E-09 2.18E-07 1.88E-09


2020 9.48E-03 8.19E-05 3.96E-07 3.42E-09 3.49E-07 3.01E-09 9.48E-03 8.19E-05 4.24E-07 3.66E-09 2.15E-07 1.86E-09


2021 9.48E-03 8.19E-05 3.70E-07 3.19E-09 3.48E-07 3.00E-09 9.48E-03 8.19E-05 4.18E-07 3.61E-09 2.13E-07 1.84E-09


2022 9.48E-03 8.19E-05 3.38E-07 2.92E-09 3.44E-07 2.97E-09 9.48E-03 8.19E-05 4.36E-07 3.77E-09 2.20E-07 1.90E-09


2023 9.48E-03 8.19E-05 3.10E-07 2.68E-09 3.37E-07 2.91E-09 9.48E-03 8.19E-05 4.33E-07 3.74E-09 2.19E-07 1.89E-09


2024 9.48E-03 8.19E-05 2.80E-07 2.42E-09 3.29E-07 2.84E-09 9.48E-03 8.19E-05 4.30E-07 3.72E-09 2.18E-07 1.88E-09


2025 9.48E-03 8.19E-05 2.32E-07 2.01E-09 3.09E-07 2.67E-09 9.48E-03 8.19E-05 4.29E-07 3.70E-09 2.17E-07 1.88E-09


Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2
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Table A-19. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)
Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2


2026 9.48E-03 8.19E-05 2.26E-07 1.95E-09 3.06E-07 2.64E-09 9.48E-03 8.19E-05 4.15E-07 3.59E-09 2.13E-07 1.84E-09


2027 9.48E-03 8.19E-05 2.16E-07 1.87E-09 2.96E-07 2.56E-09 9.48E-03 8.19E-05 4.02E-07 3.47E-09 2.08E-07 1.79E-09


2028 9.48E-03 8.19E-05 2.09E-07 1.81E-09 2.87E-07 2.48E-09 9.48E-03 8.19E-05 3.90E-07 3.36E-09 2.03E-07 1.75E-09


2029 9.48E-03 8.19E-05 2.02E-07 1.75E-09 2.78E-07 2.40E-09 9.48E-03 8.19E-05 3.77E-07 3.26E-09 1.99E-07 1.72E-09


2030 9.48E-03 8.19E-05 1.95E-07 1.68E-09 2.68E-07 2.32E-09 9.48E-03 8.19E-05 3.66E-07 3.16E-09 1.94E-07 1.68E-09


2031 9.48E-03 8.19E-05 1.88E-07 1.62E-09 2.59E-07 2.23E-09 9.48E-03 8.19E-05 3.55E-07 3.06E-09 1.90E-07 1.64E-09


2032 9.48E-03 8.19E-05 1.81E-07 1.56E-09 2.49E-07 2.15E-09 9.48E-03 8.19E-05 3.45E-07 2.97E-09 1.86E-07 1.61E-09


2033 9.48E-03 8.19E-05 1.74E-07 1.50E-09 2.39E-07 2.06E-09 9.48E-03 8.19E-05 3.35E-07 2.89E-09 1.83E-07 1.58E-09


2034 9.48E-03 8.19E-05 1.67E-07 1.44E-09 2.28E-07 1.97E-09 9.48E-03 8.19E-05 3.25E-07 2.81E-09 1.79E-07 1.55E-09


2035 9.48E-03 8.19E-05 1.60E-07 1.38E-09 2.17E-07 1.88E-09 9.48E-03 8.19E-05 3.16E-07 2.73E-09 1.76E-07 1.52E-09


2036 9.48E-03 8.19E-05 1.53E-07 1.32E-09 2.06E-07 1.78E-09 9.48E-03 8.19E-05 3.07E-07 2.65E-09 1.72E-07 1.49E-09


2037 9.48E-03 8.19E-05 1.46E-07 1.26E-09 1.95E-07 1.68E-09 9.48E-03 8.19E-05 2.99E-07 2.58E-09 1.69E-07 1.46E-09


2038 9.48E-03 8.19E-05 1.39E-07 1.20E-09 1.83E-07 1.58E-09 9.48E-03 8.19E-05 2.91E-07 2.51E-09 1.66E-07 1.43E-09


2039 9.48E-03 8.19E-05 1.33E-07 1.15E-09 1.70E-07 1.47E-09 9.48E-03 8.19E-05 2.83E-07 2.45E-09 1.63E-07 1.41E-09


2040 9.48E-03 8.19E-05 1.26E-07 1.09E-09 1.58E-07 1.36E-09 9.48E-03 8.19E-05 2.77E-07 2.39E-09 1.60E-07 1.38E-09


Notes:


Conversion Factor


CaRFG Energy Density3 115.83 MJ/gal


Abbreviations:


CARB - California Air Resources Board EMFAC - EMission FACtor Model MJ - megajoule


CaRFG - California Reformulated Gasoline gal - gallon MY - model year
CH4 - methane ICEV - internal combustion engine vehicle N2O - Nitrous oxide


CO2 - carbon dioxide LCFS - Low Carbon Fuel Standard PHEV - plug-in hybrid electric vehicle


1 Values in shaded cells are not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Tailpipe greenhouse gas emission factors were estimated as a ratio of the greenhouse gas emissions (CO2, CH4, N2O) to the gasoline fuel consumption outputs for each 
model year from EMFAC2021 data.
3 California Reformulated Gasoline (CaRFG) energy density for the conversion factor from gal to MJ was obtained from CARB’s Low Carbon Fuel Standard (LCFS) Regulation. 
Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.
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Table A-20. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


2002 0.045 5.18 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2003 0.045 5.17 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2004 0.046 5.34 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2005 0.045 5.23 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2006 0.045 5.23 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2007 0.044 5.09 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2008 0.044 5.10 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2009 0.042 4.82 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2010 0.038 4.38 0.386 1.390 0.040 4.61 0.302 1.087 N/A N/A N/A


2011 0.039 4.55 0.386 1.390 0.040 4.59 0.302 1.087 N/A N/A N/A


2012 0.037 4.33 0.386 1.390 0.039 4.51 0.302 1.087 N/A N/A N/A


2013 0.036 4.19 0.386 1.390 0.038 4.46 0.302 1.087 N/A N/A N/A


2014 0.036 4.20 0.386 1.390 0.038 4.42 0.302 1.087 N/A N/A N/A


2015 0.035 4.11 0.386 1.390 0.038 4.37 0.302 1.087 N/A N/A N/A


2016 0.035 4.01 0.386 1.390 0.037 4.33 0.302 1.087 N/A N/A N/A


2017 0.035 4.04 0.386 1.390 0.037 4.32 0.302 1.087 N/A N/A N/A


2018 0.035 4.03 0.386 1.390 0.037 4.29 0.302 1.087 N/A N/A N/A


2019 0.034 3.97 0.386 1.390 0.037 4.27 0.302 1.087 N/A N/A N/A


2020 0.033 3.85 0.386 1.390 0.037 4.24 0.302 1.087 N/A N/A N/A


2021 0.032 3.75 0.386 1.390 0.036 4.22 0.302 1.087 N/A N/A N/A


2022 0.032 3.66 0.386 1.390 0.037 4.23 0.302 1.087 N/A N/A N/A


2023 0.031 3.58 0.386 1.390 0.036 4.22 0.302 1.087 N/A N/A N/A


2024 0.030 3.50 0.386 1.390 0.036 4.20 0.302 1.087 N/A N/A N/A


2025 0.029 3.41 0.386 1.390 0.036 4.19 0.302 1.087 N/A N/A N/A


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Model Year1


Hybrid Electric 
Vehicle6,7


Fuel Cell 
Electric 


Vehicle4,5
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Table A-20. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Model Year1


Hybrid Electric 
Vehicle6,7


Fuel Cell 
Electric 


Vehicle4,5


2026 0.029 3.34 0.386 1.390 0.036 4.17 0.302 1.087 1.33 0.020 2.366


2027 0.029 3.33 0.386 1.390 0.036 4.16 0.302 1.087 1.33 0.020 2.363


2028 0.029 3.33 0.386 1.390 0.036 4.14 0.302 1.087 1.33 0.020 2.360


2029 0.029 3.32 0.386 1.390 0.036 4.13 0.302 1.087 1.33 0.020 2.358


2030 0.029 3.32 0.386 1.390 0.036 4.12 0.302 1.087 1.33 0.020 2.355


2031 0.029 3.32 0.386 1.390 0.035 4.11 0.302 1.087 1.33 0.020 2.353


2032 0.029 3.31 0.386 1.390 0.035 4.10 0.302 1.087 1.33 0.020 2.351


2033 0.029 3.31 0.386 1.390 0.035 4.09 0.302 1.087 1.32 0.020 2.348


2034 0.029 3.31 0.386 1.390 0.035 4.08 0.302 1.087 1.32 0.020 2.346


2035 0.029 3.31 0.386 1.390 0.035 4.07 0.302 1.087 1.32 0.020 2.344


2036 0.029 3.30 0.386 1.390 0.035 4.06 0.302 1.087 1.32 0.020 2.342


2037 0.028 3.30 0.386 1.390 0.035 4.05 0.302 1.087 1.32 0.020 2.340


2038 0.028 3.30 0.386 1.390 0.035 4.05 0.302 1.087 1.32 0.020 2.339


2039 0.028 3.30 0.386 1.390 0.035 4.04 0.302 1.087 1.32 0.020 2.338


2040 0.028 3.30 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.337


2041 0.028 3.29 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.337


2042 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.336


2043 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.336


2044 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.337
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Table A-20. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Model Year1


Hybrid Electric 
Vehicle6,7


Fuel Cell 
Electric 


Vehicle4,5


2045 0.028 3.30 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.338


Notes:


Constants and Conversion Factors:


CaRFG Energy Density8 115.83 MJ/gal


Conversion Factor8 3.6 MJ/kWh


FCEV EER4 2.5


HEV EER6 1.41


Abbreviations:


BEV - battery electric vehicle FCEV - fuel cell electric vehicle LCFS - Low Carbon Fuel Standard


CARB - California Air Resources Board gal - gallon mi - mile
CaRFG - California Reformulated Gasoline HEV - hybrid electric vehicle MJ - megajoule


EER - energy economy ratio ICEV - internal combustion engine vehicle MY - model year


EPA - Environmental Protection Agency kWh - kilowatt hour PHEV - plug-in hybrid electric vehicle


EMFAC - EMission FACtor Model LDA - light duty auto VMT - vehicle mile traveled


7 California Reformulated Gasoline (CaRFG) energy density and the conversion factor from kWh to MJ were obtained from CARB’s Low Carbon Fuel Standard (LCFS) 
Regulation. Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.


5 Fuel economies for MY 2026+ HEVs were estimated by applying an EER of 1.41 to the gasoline ICEV fuel economy. This EER value was derived from the 
relative fuel economies of the average MY 2020 HEV and ICEV as obtained from The 2020 EPA Automotive Trends Report. This factor was assumed to remain 
constant in future years and was used to estimate fuel economies for MY 2026 to 2050 HEVs. Available at: 
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1010U68.pdf. Accessed: May 2022.


6 For the purposes of this analysis, we assumed HEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.


1 Estimated using fuel consumption, energy consumption, and VMT outputs for LDA from EMFAC2021.
2 Values in shaded cells are not applicable as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
3  Fuel economies for MY 2026+ FCEVs were estimated by applying an EER of 2.5 to the gasoline ICEV fuel economy. This EER value was obtained from: 
https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf. Accessed: May 2022. 
4 For the purposes of this analysis, we assumed FCEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.
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Table A-21. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in
Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per 


Vehicle
(mi/vehicle/day)


Average Daily 
eVMT2


(miles/day)


Average 
Daily cVMT2


(miles/day)
Average Daily VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)


2001 17,581 94,583 5.4 0 0 0 N/A N/A


2002 17,396 100,344 5.8 0 0 0 N/A N/A


2003 18,261 112,979 6.2 0 0 0 N/A N/A


2004 17,485 116,203 6.6 0 0 0 N/A N/A


2005 19,931 142,143 7.1 0 0 0 N/A N/A


2006 20,294 155,022 7.6 0 0 0 N/A N/A


2007 21,610 176,019 8.1 0 0 0 N/A N/A


2008 17,913 156,259 8.7 0 0 0 N/A N/A


2009 14,142 131,698 9.3 0 0 0 N/A N/A


2010 16,923 167,962 10 2.8 3.3 6.1 46% 54%


2011 16,799 177,929 11 146 172 318 46% 54%


2012 25,037 283,138 11 1,556 1,841 3,397 46% 54%


2013 31,446 377,741 12 3,274 3,873 7,147 46% 54%


2014 32,442 416,070 13 5,238 6,195 11,432 46% 54%


2015 41,547 568,350 14 4,445 5,257 9,702 46% 54%


2016 46,072 670,045 15 5,614 6,641 12,255 46% 54%


2017 52,700 809,463 15 16,866 19,949 36,816 46% 54%


2018 52,549 854,813 16 18,555 21,947 40,502 46% 54%


2019 52,919 912,275 17 16,914 18,772 35,686 47% 53%


2020 51,080 928,787 18 21,737 23,361 45,098 48% 52%


2021 72,808 1,399,143 19 36,713 37,235 73,949 50% 50%


2022 101,322 2,054,388 20 62,144 51,662 113,806 55% 45%


2023 122,476 2,616,978 21 81,791 63,820 145,610 56% 44%


2024 148,333 3,336,228 22 106,456 77,981 184,437 58% 42%


2025 179,162 4,238,753 24 139,197 95,386 234,583 59% 41%


2026 219,761 5,458,500 25 158,172 108,389 266,560 59% 41%


2027 258,741 6,740,091 26 195,082 133,681 328,763 59% 41%


2028 300,679 8,206,602 27 236,011 161,729 397,740 59% 41%


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1
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Table A-21. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in
Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per 


Vehicle
(mi/vehicle/day)


Average Daily 
eVMT2


(miles/day)


Average 
Daily cVMT2


(miles/day)
Average Daily VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


2029 343,168 9,805,520 29 279,399 191,461 470,860 59% 41%


2030 386,794 11,559,183 30 326,869 223,990 550,859 59% 41%


2031 431,003 13,462,108 31 380,619 260,822 641,441 59% 41%


2032 477,078 15,562,560 33 439,942 301,474 741,415 59% 41%


2033 518,165 17,640,250 34 498,612 341,678 840,290 59% 41%


2034 561,504 19,936,064 36 563,435 386,099 949,533 59% 41%


2035 597,713 22,117,686 37 625,020 428,301 1,053,321 59% 41%


2036 636,105 24,516,409 39 692,733 474,702 1,167,435 59% 41%


2037 667,180 26,769,914 40 756,313 518,270 1,274,583 59% 41%


2038 701,654 29,290,747 42 827,427 567,001 1,394,428 59% 41%


2039 727,252 31,573,998 43 891,808 611,119 1,502,927 59% 41%


2040 757,391 34,167,150 45 964,943 661,235 1,626,178 59% 41%


2041 779,333 36,510,552 47 1,031,005 706,505 1,737,509 59% 41%


2042 797,208 38,746,345 49 1,094,047 749,705 1,843,752 59% 41%


2043 818,902 41,198,116 50 1,163,291 797,155 1,960,447 59% 41%


2044 828,649 42,981,664 52 1,213,825 831,784 2,045,609 59% 41%


2045 748,769 39,907,881 53 1,127,300 772,492 1,899,793 59% 41%


Notes:


Abbreviations:


cVMT - combustion vehicle mile traveled mi - mile


EMFAC - EMission FACtor Model MY - model year


eVMT - electric vehicle mile traveled PHEV - plug-in hybrid electric vehicle


ICEV - internal combustion engine vehicle VMT - vehicle miles traveled


LDA - light duty auto


1 Values in shaded cells are zero or not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Obtained from EMFAC2021 data.


Page 2 of 2 Ramboll







Table A-22. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)


2001 9.48E-03 8.19E-05 2.42E-06 2.09E-08 1.38E-06 1.19E-08 N/A N/A N/A N/A N/A N/A


2002 9.48E-03 8.19E-05 2.30E-06 1.98E-08 1.33E-06 1.15E-08 N/A N/A N/A N/A N/A N/A


2003 9.48E-03 8.19E-05 2.04E-06 1.76E-08 1.22E-06 1.06E-08 N/A N/A N/A N/A N/A N/A


2004 9.48E-03 8.19E-05 9.22E-07 7.96E-09 3.84E-07 3.31E-09 N/A N/A N/A N/A N/A N/A


2005 9.48E-03 8.19E-05 8.27E-07 7.14E-09 3.77E-07 3.25E-09 N/A N/A N/A N/A N/A N/A


2006 9.48E-03 8.19E-05 7.01E-07 6.05E-09 3.55E-07 3.07E-09 N/A N/A N/A N/A N/A N/A


2007 9.48E-03 8.19E-05 7.08E-07 6.12E-09 3.81E-07 3.29E-09 N/A N/A N/A N/A N/A N/A


2008 9.48E-03 8.19E-05 6.59E-07 5.69E-09 3.69E-07 3.19E-09 N/A N/A N/A N/A N/A N/A


2009 9.48E-03 8.19E-05 6.28E-07 5.43E-09 3.83E-07 3.30E-09 N/A N/A N/A N/A N/A N/A


2010 9.48E-03 8.19E-05 6.45E-07 5.57E-09 4.12E-07 3.56E-09 9.48E-03 8.19E-05 7.57E-07 6.54E-09 3.25E-07 2.80E-09


2011 9.48E-03 8.19E-05 6.21E-07 5.36E-09 3.90E-07 3.37E-09 9.48E-03 8.19E-05 7.19E-07 6.21E-09 3.13E-07 2.70E-09


2012 9.48E-03 8.19E-05 5.95E-07 5.14E-09 3.98E-07 3.43E-09 9.48E-03 8.19E-05 6.94E-07 5.99E-09 3.05E-07 2.63E-09


2013 9.48E-03 8.19E-05 5.72E-07 4.94E-09 4.01E-07 3.46E-09 9.48E-03 8.19E-05 6.68E-07 5.76E-09 2.97E-07 2.57E-09


2014 9.48E-03 8.19E-05 5.59E-07 4.83E-09 3.92E-07 3.39E-09 9.48E-03 8.19E-05 6.38E-07 5.51E-09 2.88E-07 2.48E-09


2015 9.48E-03 8.19E-05 5.45E-07 4.71E-09 3.93E-07 3.39E-09 9.48E-03 8.19E-05 6.10E-07 5.27E-09 2.79E-07 2.41E-09


2016 9.48E-03 8.19E-05 5.97E-07 5.16E-09 4.00E-07 3.45E-09 9.48E-03 8.19E-05 5.85E-07 5.05E-09 2.71E-07 2.34E-09


2017 9.48E-03 8.19E-05 5.45E-07 4.71E-09 3.87E-07 3.34E-09 9.48E-03 8.19E-05 5.61E-07 4.85E-09 2.63E-07 2.27E-09


2018 9.48E-03 8.19E-05 5.13E-07 4.43E-09 3.82E-07 3.30E-09 9.48E-03 8.19E-05 5.38E-07 4.65E-09 2.55E-07 2.20E-09


2019 9.48E-03 8.19E-05 4.79E-07 4.14E-09 3.81E-07 3.29E-09 9.48E-03 8.19E-05 5.29E-07 4.57E-09 2.52E-07 2.17E-09


2020 9.48E-03 8.19E-05 4.63E-07 4.00E-09 3.86E-07 3.33E-09 9.48E-03 8.19E-05 5.17E-07 4.46E-09 2.48E-07 2.14E-09


2021 9.48E-03 8.19E-05 4.32E-07 3.73E-09 3.86E-07 3.34E-09 9.48E-03 8.19E-05 5.08E-07 4.39E-09 2.45E-07 2.11E-09


2022 9.48E-03 8.19E-05 3.95E-07 3.41E-09 3.84E-07 3.31E-09 9.48E-03 8.19E-05 5.28E-07 4.56E-09 2.52E-07 2.18E-09


2023 9.48E-03 8.19E-05 3.62E-07 3.13E-09 3.79E-07 3.27E-09 9.48E-03 8.19E-05 5.23E-07 4.51E-09 2.50E-07 2.16E-09


2024 9.48E-03 8.19E-05 3.28E-07 2.83E-09 3.71E-07 3.20E-09 9.48E-03 8.19E-05 5.18E-07 4.47E-09 2.49E-07 2.15E-09


2025 9.48E-03 8.19E-05 2.72E-07 2.35E-09 3.51E-07 3.03E-09 9.48E-03 8.19E-05 5.14E-07 4.44E-09 2.48E-07 2.14E-09


2026 9.48E-03 8.19E-05 2.65E-07 2.28E-09 3.48E-07 3.01E-09 9.48E-03 8.19E-05 4.97E-07 4.29E-09 2.42E-07 2.09E-09


2027 9.48E-03 8.19E-05 2.55E-07 2.20E-09 3.39E-07 2.93E-09 9.48E-03 8.19E-05 4.79E-07 4.14E-09 2.36E-07 2.03E-09


2028 9.48E-03 8.19E-05 2.47E-07 2.13E-09 3.31E-07 2.86E-09 9.48E-03 8.19E-05 4.63E-07 4.00E-09 2.30E-07 1.98E-09


Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2
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Table A-22. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)
Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2


2029 9.48E-03 8.19E-05 2.39E-07 2.07E-09 3.23E-07 2.79E-09 9.48E-03 8.19E-05 4.48E-07 3.86E-09 2.24E-07 1.94E-09


2030 9.48E-03 8.19E-05 2.32E-07 2.00E-09 3.14E-07 2.71E-09 9.48E-03 8.19E-05 4.33E-07 3.74E-09 2.19E-07 1.89E-09


2031 9.48E-03 8.19E-05 2.25E-07 1.94E-09 3.06E-07 2.64E-09 9.48E-03 8.19E-05 4.19E-07 3.62E-09 2.14E-07 1.85E-09


2032 9.48E-03 8.19E-05 2.17E-07 1.88E-09 2.97E-07 2.56E-09 9.48E-03 8.19E-05 4.05E-07 3.50E-09 2.09E-07 1.80E-09


2033 9.48E-03 8.19E-05 2.10E-07 1.82E-09 2.88E-07 2.49E-09 9.48E-03 8.19E-05 3.93E-07 3.39E-09 2.04E-07 1.76E-09


2034 9.48E-03 8.19E-05 2.03E-07 1.75E-09 2.79E-07 2.41E-09 9.48E-03 8.19E-05 3.80E-07 3.28E-09 2.00E-07 1.73E-09


2035 9.48E-03 8.19E-05 1.96E-07 1.69E-09 2.69E-07 2.32E-09 9.48E-03 8.19E-05 3.69E-07 3.18E-09 1.96E-07 1.69E-09


2036 9.48E-03 8.19E-05 1.89E-07 1.63E-09 2.60E-07 2.24E-09 9.48E-03 8.19E-05 3.58E-07 3.09E-09 1.91E-07 1.65E-09


2037 9.48E-03 8.19E-05 1.82E-07 1.57E-09 2.50E-07 2.16E-09 9.48E-03 8.19E-05 3.47E-07 3.00E-09 1.87E-07 1.62E-09


2038 9.48E-03 8.19E-05 1.75E-07 1.51E-09 2.39E-07 2.07E-09 9.48E-03 8.19E-05 3.37E-07 2.91E-09 1.84E-07 1.59E-09


2039 9.48E-03 8.19E-05 1.68E-07 1.45E-09 2.29E-07 1.98E-09 9.48E-03 8.19E-05 3.27E-07 2.83E-09 1.80E-07 1.55E-09


2040 9.48E-03 8.19E-05 1.61E-07 1.39E-09 2.18E-07 1.88E-09 9.48E-03 8.19E-05 3.18E-07 2.75E-09 1.77E-07 1.52E-09


2041 9.48E-03 8.19E-05 1.54E-07 1.33E-09 2.07E-07 1.78E-09 9.48E-03 8.19E-05 3.09E-07 2.67E-09 1.73E-07 1.49E-09


2042 9.48E-03 8.19E-05 1.47E-07 1.27E-09 1.95E-07 1.68E-09 9.48E-03 8.19E-05 3.01E-07 2.60E-09 1.70E-07 1.47E-09


2043 9.48E-03 8.19E-05 1.40E-07 1.21E-09 1.83E-07 1.58E-09 9.48E-03 8.19E-05 2.93E-07 2.53E-09 1.67E-07 1.44E-09


2044 9.48E-03 8.19E-05 1.34E-07 1.15E-09 1.71E-07 1.48E-09 9.48E-03 8.19E-05 2.86E-07 2.47E-09 1.64E-07 1.41E-09


2045 9.48E-03 8.19E-05 1.27E-07 1.10E-09 1.58E-07 1.36E-09 9.48E-03 8.19E-05 2.79E-07 2.41E-09 1.61E-07 1.39E-09


Notes:


Conversion Factor


CaRFG Energy Density3 115.83 MJ/gal


Abbreviations:


CARB - California Air Resources Board EMFAC - EMission FACtor Model MJ - megajoule


CaRFG - California Reformulated Gasoline gal - gallon MY - model year
CH4 - methane ICEV - internal combustion engine vehicle N2O - Nitrous oxide


CO2 - carbon dioxide LCFS - Low Carbon Fuel Standard PHEV - plug-in hybrid electric vehicle


1 Values in shaded cells are not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Tailpipe greenhouse gas emission factors were estimated as a ratio of the greenhouse gas emissions (CO2, CH4, N2O) to the gasoline fuel consumption outputs for each 
model year from EMFAC2021 data.
3 California Reformulated Gasoline (CaRFG) energy density for the conversion factor from gal to MJ was obtained from CARB’s Low Carbon Fuel Standard (LCFS) Regulation. 
Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.
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Table A-23. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


2006 0.046 5.35 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2007 0.045 5.20 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2008 0.045 5.21 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2009 0.043 4.92 0.386 1.390 N/A N/A N/A N/A N/A N/A N/A


2010 0.039 4.46 0.386 1.390 0.042 4.91 0.302 1.087 N/A N/A N/A


2011 0.040 4.64 0.386 1.390 0.042 4.88 0.302 1.087 N/A N/A N/A


2012 0.038 4.41 0.386 1.390 0.041 4.76 0.302 1.087 N/A N/A N/A


2013 0.037 4.27 0.386 1.390 0.040 4.68 0.302 1.087 N/A N/A N/A


2014 0.037 4.26 0.386 1.390 0.040 4.63 0.302 1.087 N/A N/A N/A
2015 0.036 4.17 0.386 1.390 0.039 4.57 0.302 1.087 N/A N/A N/A


2016 0.035 4.07 0.386 1.390 0.039 4.51 0.302 1.087 N/A N/A N/A


2017 0.035 4.10 0.386 1.390 0.039 4.48 0.302 1.087 N/A N/A N/A


2018 0.035 4.08 0.386 1.390 0.038 4.44 0.302 1.087 N/A N/A N/A


2019 0.035 4.02 0.386 1.390 0.038 4.41 0.302 1.087 N/A N/A N/A


2020 0.034 3.90 0.386 1.390 0.038 4.37 0.302 1.087 N/A 0.024 2.765


2021 0.033 3.79 0.386 1.390 0.037 4.34 0.302 1.087 N/A 0.023 2.690


2022 0.032 3.70 0.386 1.390 0.038 4.35 0.302 1.087 N/A 0.023 2.626


2023 0.031 3.61 0.386 1.390 0.037 4.33 0.302 1.087 N/A 0.022 2.563


2024 0.030 3.53 0.386 1.390 0.037 4.31 0.302 1.087 N/A 0.022 2.502


2025 0.030 3.44 0.386 1.390 0.037 4.29 0.302 1.087 N/A 0.021 2.442


2026 0.029 3.36 0.386 1.390 0.037 4.26 0.302 1.087 1.34 0.021 2.385


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1
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Table A-23. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1


2027 0.029 3.36 0.386 1.390 0.037 4.24 0.302 1.087 1.34 0.021 2.381


2028 0.029 3.35 0.386 1.390 0.036 4.22 0.302 1.087 1.34 0.021 2.377


2029 0.029 3.35 0.386 1.390 0.036 4.20 0.302 1.087 1.34 0.020 2.373


2030 0.029 3.34 0.386 1.390 0.036 4.19 0.302 1.087 1.34 0.020 2.370


2031 0.029 3.34 0.386 1.390 0.036 4.17 0.302 1.087 1.33 0.020 2.367


2032 0.029 3.33 0.386 1.390 0.036 4.16 0.302 1.087 1.33 0.020 2.364


2033 0.029 3.33 0.386 1.390 0.036 4.14 0.302 1.087 1.33 0.020 2.361


2034 0.029 3.32 0.386 1.390 0.036 4.13 0.302 1.087 1.33 0.020 2.358


2035 0.029 3.32 0.386 1.390 0.036 4.12 0.302 1.087 1.33 0.020 2.356


2036 0.029 3.32 0.386 1.390 0.035 4.11 0.302 1.087 1.33 0.020 2.353


2037 0.029 3.31 0.386 1.390 0.035 4.10 0.302 1.087 1.33 0.020 2.351


2038 0.029 3.31 0.386 1.390 0.035 4.09 0.302 1.087 1.32 0.020 2.349


2039 0.029 3.31 0.386 1.390 0.035 4.08 0.302 1.087 1.32 0.020 2.347


2040 0.029 3.31 0.386 1.390 0.035 4.07 0.302 1.087 1.32 0.020 2.345


2041 0.029 3.30 0.386 1.390 0.035 4.06 0.302 1.087 1.32 0.020 2.343


2042 0.028 3.30 0.386 1.390 0.035 4.05 0.302 1.087 1.32 0.020 2.341


2043 0.028 3.30 0.386 1.390 0.035 4.05 0.302 1.087 1.32 0.020 2.340


2044 0.028 3.30 0.386 1.390 0.035 4.04 0.302 1.087 1.32 0.020 2.339


2045 0.028 3.30 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.338


2046 0.028 3.29 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.337


2047 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.336


2048 0.028 3.29 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.337


2049 0.028 3.30 0.386 1.390 0.035 4.02 0.302 1.087 1.32 0.020 2.337
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Table A-23. Fuel Economies for Light Duty Auto Vehicles in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline/


mi)


(kWh of 
electricity/


mi)


(MJ of 
electricity/


mi)


(MJ of 
hydrogen/


mi)


(gal of 
gasoline/


mi)


(MJ of 
gasoline


/mi)


Hybrid Electric 
Vehicle6,7


Internal Combustion 
Engine Vehicle1 Battery Electric Vehicle1,2 Plug-in Hybrid Electric Vehicle1,3


Fuel Cell 
Electric 


Vehicle4,5


Model Year1


2050 0.028 3.30 0.386 1.390 0.035 4.03 0.302 1.087 1.32 0.020 2.338


Notes:


Constants


CaRFG Energy Density8 115.83 MJ/gal


Conversion Factor8 3.6 MJ/kWh


FCEV EER4 2.5


HEV EER6 1.41


Abbreviations:


BEV - battery electric vehicle FCEV - fuel cell electric vehicle LCFS - Low Carbon Fuel Standard


CARB - California Air Resources Board gal - gallon mi - mile
CaRFG - California Reformulated Gasoline HEV - hybrid electric vehicle MJ - megajoule


EER - energy economy ratio ICEV - internal combustion engine vehicle MY - model year


EPA - Environmental Protection Agency kWh - kilowatt hour PHEV - plug-in hybrid electric vehicle


EMFAC - EMission FACtor Model LDA - light duty auto VMT - vehicle mile traveled


6 For the purposes of this analysis, we assumed HEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.
7 California Reformulated Gasoline (CaRFG) energy density and the conversion factor from kWh to MJ were obtained from CARB’s Low Carbon Fuel Standard 
(LCFS) Regulation. Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 
2022.


1 Estimated using fuel consumption, energy consumption, and VMT outputs for LDA from EMFAC2021.
2 Values in shaded cells are not applicable as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
3  Fuel economies for MY 2026+ FCEVs were estimated by applying an EER of 2.5 to the gasoline ICEV fuel economy. This EER value was obtained from: 
https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf. Accessed: May 2022. 
4 For the purposes of this analysis, we assumed FCEVs do not exist prior to MY2026, so the values in shaded cells are not applicable.


5 Fuel economies for MY 2026+ HEVs were estimated by applying an EER of 1.41 to the gasoline ICEV fuel economy. This EER value was derived from the 
relative fuel economies of the average MY 2020 HEV and ICEV as obtained from The 2020 EPA Automotive Trends Report. This factor was assumed to remain 
constant in future years and was used to estimate fuel economies for MY 2026 to 2050 HEVs. Available at: 
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1010U68.pdf. Accessed: May 2022.
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Table A-24. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in
Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per 


Vehicle
(mi/vehicle/day)


Average Daily 
eVMT2


(miles/day)


Average 
Daily cVMT2


(miles/day)
Average Daily VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)


2006 17,095 92,566 5.4 0 0 0 N/A N/A


2007 17,938 103,245 5.8 0 0 0 N/A N/A


2008 14,711 90,788 6.2 0 0 0 N/A N/A


2009 11,643 76,845 6.6 0 0 0 N/A N/A


2010 13,584 95,789 7.1 1.6 1.9 3.5 46% 54%


2011 13,206 99,842 7.6 82 97 178 46% 54%


2012 18,883 153,117 8.1 842 996 1,838 46% 54%


2013 22,656 196,080 8.7 1,701 2,012 3,714 46% 54%


2014 21,908 203,097 9.3 2,559 3,027 5,586 46% 54%


2015 26,586 264,281 10 2,069 2,447 4,516 46% 54%


2016 27,295 289,355 11 2,428 2,872 5,300 46% 54%


2017 29,325 329,581 11 6,881 8,139 15,020 46% 54%


2018 27,113 323,766 12 7,059 8,349 15,408 46% 54%


2019 25,304 322,113 13 5,993 6,651 12,643 47% 53%


2020 22,760 307,409 14 7,225 7,765 14,991 48% 52%


2021 30,740 441,231 14 11,627 11,792 23,418 50% 50%


2022 40,577 617,884 15 18,766 15,601 34,367 55% 45%


2023 47,100 760,380 16 23,853 18,612 42,465 56% 44%


2024 55,817 953,752 17 30,538 22,370 52,908 58% 42%


2025 67,473 1,219,241 18 40,165 27,524 67,689 59% 41%


2026 84,407 1,610,993 19 46,792 32,065 78,857 59% 41%


2027 103,307 2,079,306 20 60,306 41,325 101,631 59% 41%


2028 126,564 2,683,403 21 77,308 52,976 130,285 59% 41%


2029 154,469 3,445,797 22 98,336 67,385 165,721 59% 41%


2030 186,433 4,371,092 23 123,768 84,813 208,582 59% 41%


2031 223,318 5,496,882 25 155,589 106,619 262,208 59% 41%


2032 263,400 6,799,816 26 192,410 131,851 324,261 59% 41%


2033 306,740 8,297,021 27 234,716 160,841 395,557 59% 41%


2034 350,568 9,927,424 28 280,777 192,405 473,181 59% 41%


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1
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Table A-24. Estimating Average Daily Mileage for LDA ICEVs and Fraction of Daily Electric Miles Traveled by LDA PHEVs in
Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Population2


(vehicles)
Daily VMT2


(miles/day)


Average Daily 
Mileage per 


Vehicle
(mi/vehicle/day)


Average Daily 
eVMT2


(miles/day)


Average 
Daily cVMT2


(miles/day)
Average Daily VMT2


(miles/day)


eVMT
(% of Average 


Daily VMT)


cVMT
(% of Average 


Daily VMT)Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


2035 396,387 11,740,282 30 331,991 227,499 559,490 59% 41%


2036 441,302 13,661,164 31 386,246 264,678 650,924 59% 41%


2037 488,028 15,778,407 32 446,041 305,654 751,695 59% 41%


2038 529,547 17,868,081 34 505,048 346,088 851,136 59% 41%


2039 573,298 20,175,045 35 570,183 390,723 960,906 59% 41%


2040 609,667 22,361,362 37 631,898 433,014 1,064,912 59% 41%


2041 648,178 24,762,485 38 699,675 479,458 1,179,133 59% 41%


2042 679,210 27,014,425 40 763,205 522,993 1,286,198 59% 41%


2043 713,632 29,531,415 41 834,205 571,646 1,405,852 59% 41%


2044 738,970 31,804,637 43 898,297 615,566 1,513,863 59% 41%


2045 768,833 34,383,859 45 971,032 665,408 1,636,440 59% 41%


2046 790,339 36,707,901 46 1,036,539 710,297 1,746,836 59% 41%


2047 807,527 38,911,156 48 1,098,655 752,863 1,851,517 59% 41%


2048 828,277 41,311,163 50 1,166,429 799,305 1,965,734 59% 41%


2049 836,615 43,017,876 51 1,214,783 832,441 2,047,224 59% 41%


2050 754,352 39,850,379 53 1,125,610 771,334 1,896,944 59% 41%


Notes:


Abbreviations:


cVMT - combustion vehicle mile traveled mi - mile


EMFAC - EMission FACtor Model MY - model year


eVMT - electric vehicle mile traveled PHEV - plug-in hybrid electric vehicle


ICEV - internal combustion engine vehicle VMT - vehicle miles traveled


LDA - light duty auto


1 Values in shaded cells are zero or not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Obtained from EMFAC2021 data.
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Table A-25. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)


2006 9.48E-03 8.19E-05 8.27E-07 7.14E-09 3.90E-07 3.37E-09 N/A N/A N/A N/A N/A N/A


2007 9.48E-03 8.19E-05 8.41E-07 7.26E-09 4.21E-07 3.63E-09 N/A N/A N/A N/A N/A N/A


2008 9.48E-03 8.19E-05 7.84E-07 6.77E-09 4.09E-07 3.53E-09 N/A N/A N/A N/A N/A N/A


2009 9.48E-03 8.19E-05 7.49E-07 6.46E-09 4.25E-07 3.67E-09 N/A N/A N/A N/A N/A N/A


2010 9.48E-03 8.19E-05 7.69E-07 6.64E-09 4.57E-07 3.95E-09 9.48E-03 8.19E-05 9.45E-07 8.16E-09 3.79E-07 3.27E-09


2011 9.48E-03 8.19E-05 7.40E-07 6.39E-09 4.32E-07 3.73E-09 9.48E-03 8.19E-05 8.96E-07 7.74E-09 3.65E-07 3.15E-09


2012 9.48E-03 8.19E-05 7.07E-07 6.10E-09 4.41E-07 3.81E-09 9.48E-03 8.19E-05 8.66E-07 7.48E-09 3.57E-07 3.08E-09


2013 9.48E-03 8.19E-05 6.79E-07 5.86E-09 4.44E-07 3.83E-09 9.48E-03 8.19E-05 8.34E-07 7.20E-09 3.48E-07 3.01E-09


2014 9.48E-03 8.19E-05 6.63E-07 5.72E-09 4.34E-07 3.74E-09 9.48E-03 8.19E-05 7.96E-07 6.87E-09 3.37E-07 2.91E-09


2015 9.48E-03 8.19E-05 6.44E-07 5.56E-09 4.33E-07 3.74E-09 9.48E-03 8.19E-05 7.61E-07 6.57E-09 3.27E-07 2.82E-09


2016 9.48E-03 8.19E-05 7.05E-07 6.08E-09 4.40E-07 3.80E-09 9.48E-03 8.19E-05 7.30E-07 6.30E-09 3.17E-07 2.74E-09


2017 9.48E-03 8.19E-05 6.42E-07 5.55E-09 4.25E-07 3.67E-09 9.48E-03 8.19E-05 6.98E-07 6.03E-09 3.07E-07 2.65E-09


2018 9.48E-03 8.19E-05 6.03E-07 5.21E-09 4.19E-07 3.62E-09 9.48E-03 8.19E-05 6.68E-07 5.77E-09 2.98E-07 2.57E-09


2019 9.48E-03 8.19E-05 5.61E-07 4.85E-09 4.18E-07 3.60E-09 9.48E-03 8.19E-05 6.55E-07 5.66E-09 2.94E-07 2.54E-09


2020 9.48E-03 8.19E-05 5.41E-07 4.67E-09 4.23E-07 3.65E-09 9.48E-03 8.19E-05 6.39E-07 5.52E-09 2.89E-07 2.49E-09


2021 9.48E-03 8.19E-05 5.04E-07 4.35E-09 4.24E-07 3.66E-09 9.48E-03 8.19E-05 6.26E-07 5.41E-09 2.85E-07 2.46E-09


2022 9.48E-03 8.19E-05 4.60E-07 3.97E-09 4.22E-07 3.64E-09 9.48E-03 8.19E-05 6.49E-07 5.60E-09 2.92E-07 2.52E-09


2023 9.48E-03 8.19E-05 4.21E-07 3.64E-09 4.18E-07 3.61E-09 9.48E-03 8.19E-05 6.40E-07 5.52E-09 2.89E-07 2.50E-09


2024 9.48E-03 8.19E-05 3.81E-07 3.29E-09 4.11E-07 3.55E-09 9.48E-03 8.19E-05 6.32E-07 5.45E-09 2.87E-07 2.48E-09


2025 9.48E-03 8.19E-05 3.16E-07 2.73E-09 3.90E-07 3.36E-09 9.48E-03 8.19E-05 6.26E-07 5.40E-09 2.85E-07 2.46E-09


2026 9.48E-03 8.19E-05 3.08E-07 2.66E-09 3.88E-07 3.35E-09 9.48E-03 8.19E-05 6.03E-07 5.21E-09 2.78E-07 2.40E-09


2027 9.48E-03 8.19E-05 2.97E-07 2.56E-09 3.80E-07 3.28E-09 9.48E-03 8.19E-05 5.80E-07 5.01E-09 2.70E-07 2.33E-09


2028 9.48E-03 8.19E-05 2.88E-07 2.49E-09 3.72E-07 3.21E-09 9.48E-03 8.19E-05 5.58E-07 4.82E-09 2.63E-07 2.27E-09


2029 9.48E-03 8.19E-05 2.80E-07 2.42E-09 3.64E-07 3.14E-09 9.48E-03 8.19E-05 5.38E-07 4.64E-09 2.56E-07 2.21E-09


2030 9.48E-03 8.19E-05 2.71E-07 2.34E-09 3.56E-07 3.07E-09 9.48E-03 8.19E-05 5.19E-07 4.48E-09 2.49E-07 2.15E-09


2031 9.48E-03 8.19E-05 2.64E-07 2.28E-09 3.48E-07 3.01E-09 9.48E-03 8.19E-05 5.00E-07 4.32E-09 2.43E-07 2.10E-09


2032 9.48E-03 8.19E-05 2.56E-07 2.21E-09 3.40E-07 2.94E-09 9.48E-03 8.19E-05 4.83E-07 4.17E-09 2.37E-07 2.04E-09


2033 9.48E-03 8.19E-05 2.48E-07 2.14E-09 3.32E-07 2.87E-09 9.48E-03 8.19E-05 4.66E-07 4.03E-09 2.31E-07 1.99E-09


2034 9.48E-03 8.19E-05 2.41E-07 2.08E-09 3.24E-07 2.79E-09 9.48E-03 8.19E-05 4.51E-07 3.89E-09 2.25E-07 1.95E-09


Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2
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Table A-25. Tailpipe Greenhouse Gas Emission Factors for ICEV and PHEV Light Duty Autos in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


(tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ) (tons/gal) (tons/MJ)
Model 
Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle1


CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2 CO2 Emission Factor2 CH4 Emission Factor2 N2O Emission Factor2


2035 9.48E-03 8.19E-05 2.33E-07 2.01E-09 3.15E-07 2.72E-09 9.48E-03 8.19E-05 4.36E-07 3.76E-09 2.20E-07 1.90E-09


2036 9.48E-03 8.19E-05 2.26E-07 1.95E-09 3.07E-07 2.65E-09 9.48E-03 8.19E-05 4.22E-07 3.64E-09 2.15E-07 1.86E-09


2037 9.48E-03 8.19E-05 2.19E-07 1.89E-09 2.98E-07 2.57E-09 9.48E-03 8.19E-05 4.08E-07 3.52E-09 2.10E-07 1.81E-09


2038 9.48E-03 8.19E-05 2.11E-07 1.83E-09 2.89E-07 2.49E-09 9.48E-03 8.19E-05 3.95E-07 3.41E-09 2.05E-07 1.77E-09


2039 9.48E-03 8.19E-05 2.04E-07 1.76E-09 2.79E-07 2.41E-09 9.48E-03 8.19E-05 3.83E-07 3.31E-09 2.01E-07 1.73E-09


2040 9.48E-03 8.19E-05 1.97E-07 1.70E-09 2.70E-07 2.33E-09 9.48E-03 8.19E-05 3.71E-07 3.21E-09 1.97E-07 1.70E-09


2041 9.48E-03 8.19E-05 1.90E-07 1.64E-09 2.60E-07 2.25E-09 9.48E-03 8.19E-05 3.60E-07 3.11E-09 1.92E-07 1.66E-09


2042 9.48E-03 8.19E-05 1.83E-07 1.58E-09 2.50E-07 2.16E-09 9.48E-03 8.19E-05 3.50E-07 3.02E-09 1.88E-07 1.63E-09


2043 9.48E-03 8.19E-05 1.76E-07 1.52E-09 2.40E-07 2.07E-09 9.48E-03 8.19E-05 3.39E-07 2.93E-09 1.85E-07 1.59E-09


2044 9.48E-03 8.19E-05 1.69E-07 1.46E-09 2.29E-07 1.98E-09 9.48E-03 8.19E-05 3.30E-07 2.85E-09 1.81E-07 1.56E-09


2045 9.48E-03 8.19E-05 1.62E-07 1.40E-09 2.19E-07 1.89E-09 9.48E-03 8.19E-05 3.20E-07 2.77E-09 1.77E-07 1.53E-09


2046 9.48E-03 8.19E-05 1.55E-07 1.34E-09 2.07E-07 1.79E-09 9.48E-03 8.19E-05 3.11E-07 2.69E-09 1.74E-07 1.50E-09


2047 9.48E-03 8.19E-05 1.48E-07 1.28E-09 1.96E-07 1.69E-09 9.48E-03 8.19E-05 3.03E-07 2.61E-09 1.71E-07 1.47E-09


2048 9.48E-03 8.19E-05 1.41E-07 1.22E-09 1.84E-07 1.59E-09 9.48E-03 8.19E-05 2.95E-07 2.54E-09 1.67E-07 1.45E-09


2049 9.48E-03 8.19E-05 1.34E-07 1.16E-09 1.71E-07 1.48E-09 9.48E-03 8.19E-05 2.88E-07 2.48E-09 1.65E-07 1.42E-09


2050 9.48E-03 8.19E-05 1.28E-07 1.10E-09 1.58E-07 1.37E-09 9.48E-03 8.19E-05 2.81E-07 2.43E-09 1.62E-07 1.40E-09


Notes:


Conversion Factor


CaRFG Energy Density3 115.83 MJ/gal


Abbreviations:


CARB - California Air Resources Board EMFAC - EMission FACtor Model MJ - megajoule


CaRFG - California Reformulated Gasoline gal - gallon MY - model year
CH4 - methane ICEV - internal combustion engine vehicle N2O - Nitrous oxide


CO2 - carbon dioxide LCFS - Low Carbon Fuel Standard PHEV - plug-in hybrid electric vehicle


1 Values in shaded cells are not available as the light duty auto vehicle fleet in EMFAC2021 does not include MY 2009 and earlier PHEVs.
2 Tailpipe greenhouse gas emission factors were estimated as a ratio of the greenhouse gas emissions (CO2, CH4, N2O) to the gasoline fuel consumption outputs for each 
model year from EMFAC2021 data.
3 California Reformulated Gasoline (CaRFG) energy density for the conversion factor from gal to MJ was obtained from CARB’s Low Carbon Fuel Standard (LCFS) Regulation. 
Available at: https://ww2.arb.ca.gov/sites/default/files/2020-07/2020_lcfs_fro_oal-approved_unofficial_06302020.pdf.  Accessed: May 2022.
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Table A-26. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 85% 706,862 127,779,786 4% 34,449 1,220,027 3,088,034 11% 89,660 6,866,855


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-26. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


0% 0 0 0% 0 0 10,714 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-27. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1986 100% 9,277 319,606 0% 0 0 0 0% 0 0


1987 100% 11,036 395,358 0% 0 0 0 0% 1 13


1988 100% 10,287 394,106 0% 0 0 0 0% 0 0


1989 100% 12,682 513,141 0% 0 0 0 0% 1 10


1990 100% 15,335 660,988 0% 0 0 0 0% 0 0


1991 100% 17,755 806,207 0% 0 0 0 0% 0 0


1992 100% 14,968 722,403 0% 0 0 0 0% 0 0


1993 100% 15,722 757,504 0% 0 0 0 0% 2 30


1994 100% 16,938 862,749 0% 0 0 0 0% 0 4


1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18


1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0


1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55


1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55


1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47


2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14


2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65


2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424


2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76


2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59


2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81


2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144


2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328


2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794


2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572


2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863


2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957


2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296


2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483


2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167


2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410


2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736


2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212


2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765


2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873


2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627


2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139


2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137


2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684


2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793


2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088


2026 85% 735,995 116,097,140 4% 35,869 1,108,113 2,804,580 11% 93,356 6,216,252


2027 85% 753,379 123,273,035 4% 36,682 1,175,675 2,972,420 11% 97,957 6,763,472


2028 85% 774,987 131,327,881 4% 37,500 1,244,657 3,146,136 11% 103,726 7,417,910


2029 84% 786,767 137,631,182 4% 37,726 1,292,471 3,268,769 12% 107,741 7,961,945


2030 84% 712,577 128,326,917 4% 33,914 1,195,950 3,027,919 12% 101,252 7,716,317


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-27. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 26 0.01 0.005


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 54 0.03 0.010


0% 0 0 0% 0 0 66 0.03 0.01


0% 0 0 0% 0 0 59 0.03 0.01


0% 0 0 0% 0 0 62 0.03 0.01


0% 0 0 0% 0 0 71 0.04 0.01


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 124 0.06 0.02


0% 0 0 0% 0 0 149 0.06 0.03


0% 0 0 0% 0 0 169 0.05 0.03


0% 0 0 0% 0 0 229 0.04 0.03


0% 0 0 0% 0 0 263 0.04 0.03


0% 0 0 0% 0 0 311 0.05 0.04


0% 0 0 0% 0 0 396 0.05 0.04


0% 0 0 0% 0 0 478 0.03 0.01


0% 0 0 0% 0 0 658 0.03 0.02


0% 0 0 0% 0 0 826 0.04 0.02


0% 0 0 0% 0 0 1,059 0.05 0.03


0% 0 0 0% 0 0 1,094 0.05 0.03


0% 0 0 0% 0 0 1,015 0.04 0.03


0% 0 0 0% 0 0 1,312 0.06 0.04


0% 0 0 0% 0 0 1,596 0.06 0.05


0% 0 0 0% 0 0 2,585 0.10 0.08


0% 0 0 0% 0 0 3,531 0.13 0.11


0% 0 0 0% 0 0 3,977 0.15 0.12


0% 0 0 0% 0 0 5,225 0.19 0.16


0% 0 0 0% 0 0 5,716 0.22 0.18


0% 0 0 0% 0 0 6,666 0.24 0.20


0% 0 0 0% 0 0 6,383 0.22 0.18


0% 0 0 0% 0 0 5,949 0.19 0.17


0% 0 0 0% 0 0 5,093 0.15 0.14


0% 0 0 0% 0 0 6,446 0.18 0.18


0% 0 0 0% 0 0 7,811 0.20 0.21


0% 0 0 0% 0 0 8,237 0.19 0.21


0% 0 0 0% 0 0 8,610 0.18 0.21


0% 0 0 0% 0 0 9,101 0.16 0.20


0% 0 0 0% 0 0 9,735 0.16 0.21


0% 0 0 0% 0 0 10,336 0.16 0.21


0% 0 0 0% 0 0 11,010 0.16 0.21


0% 0 0 0% 0 0 11,536 0.16 0.21


0% 0 0 0% 0 0 10,754 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-28. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1991 100% 14,887 496,519 0% 0 0 0 0% 0 0


1992 100% 12,386 437,879 0% 0 0 0 0% 0 0


1993 100% 12,876 454,610 0% 0 0 0 0% 2 20


1994 100% 13,908 519,028 0% 0 0 0 0% 0 3


1995 100% 17,011 673,579 0% 0 0 0 0% 1 11


1996 100% 15,726 662,566 0% 0 0 0 0% 0 0


1997 100% 19,249 841,793 0% 0 0 0 0% 3 36


1998 100% 21,231 962,917 0% 0 0 0 0% 2 32


1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27


2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7


2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30


2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189


2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31


2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22


2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29


2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47


2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103


2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522


2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170


2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847


2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360


2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549


2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707


2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302


2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841


2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098


2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811


2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403


2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116


2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564


2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314


2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832


2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016


2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598


2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000


2026 85% 611,788 79,227,267 4% 29,815 754,625 1,930,143 11% 77,601 4,248,646


2027 85% 641,056 86,348,005 4% 31,213 822,291 2,099,102 11% 83,353 4,746,114


2028 85% 673,388 94,321,799 4% 32,584 892,959 2,275,365 11% 90,128 5,333,845


2029 84% 697,604 101,572,012 4% 33,451 953,218 2,424,492 12% 95,531 5,873,508


2030 84% 724,988 109,636,518 4% 34,505 1,021,517 2,594,022 12% 103,016 6,575,282


2031 84% 747,432 117,336,964 4% 35,573 1,093,525 2,772,634 12% 106,205 7,033,396


2032 84% 766,329 124,786,645 4% 36,472 1,163,085 2,945,735 12% 108,890 7,476,741


2033 84% 789,556 133,116,841 4% 37,578 1,240,654 3,141,258 12% 112,190 7,976,623


2034 84% 801,955 139,496,654 4% 38,168 1,299,952 3,293,065 12% 113,952 8,366,832


2035 84% 727,792 130,218,515 4% 34,638 1,213,298 3,076,767 12% 103,414 7,823,380


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Page 1 of 2 Ramboll







Table A-28. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.02 0.008


0% 0 0 0% 0 0 36 0.02 0.007


0% 0 0 0% 0 0 37 0.02 0.007


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 55 0.03 0.01


0% 0 0 0% 0 0 54 0.04 0.01


0% 0 0 0% 0 0 69 0.04 0.01


0% 0 0 0% 0 0 79 0.03 0.01


0% 0 0 0% 0 0 84 0.03 0.01


0% 0 0 0% 0 0 109 0.02 0.01


0% 0 0 0% 0 0 116 0.02 0.01


0% 0 0 0% 0 0 129 0.02 0.02


0% 0 0 0% 0 0 153 0.02 0.02


0% 0 0 0% 0 0 172 0.01 0.006


0% 0 0 0% 0 0 222 0.01 0.007


0% 0 0 0% 0 0 265 0.01 0.008


0% 0 0 0% 0 0 323 0.02 0.01


0% 0 0 0% 0 0 322 0.02 0.01


0% 0 0 0% 0 0 293 0.01 0.010


0% 0 0 0% 0 0 381 0.02 0.01


0% 0 0 0% 0 0 475 0.02 0.02


0% 0 0 0% 0 0 804 0.04 0.03


0% 0 0 0% 0 0 1,164 0.05 0.04


0% 0 0 0% 0 0 1,409 0.06 0.05


0% 0 0 0% 0 0 1,991 0.08 0.07


0% 0 0 0% 0 0 2,353 0.11 0.08


0% 0 0 0% 0 0 2,931 0.12 0.10


0% 0 0 0% 0 0 3,022 0.12 0.10


0% 0 0 0% 0 0 2,984 0.11 0.10


0% 0 0 0% 0 0 2,726 0.10 0.09


0% 0 0 0% 0 0 3,621 0.12 0.12


0% 0 0 0% 0 0 4,642 0.14 0.15


0% 0 0 0% 0 0 5,064 0.14 0.16


0% 0 0 0% 0 0 5,543 0.14 0.16


0% 0 0 0% 0 0 5,997 0.13 0.17


0% 0 0 0% 0 0 6,645 0.14 0.18


0% 0 0 0% 0 0 7,241 0.14 0.19


0% 0 0 0% 0 0 7,909 0.15 0.20


0% 0 0 0% 0 0 8,514 0.15 0.20


0% 0 0 0% 0 0 9,189 0.16 0.21


0% 0 0 0% 0 0 9,834 0.16 0.21


0% 0 0 0% 0 0 10,458 0.16 0.21


0% 0 0 0% 0 0 11,156 0.17 0.21


0% 0 0 0% 0 0 11,691 0.17 0.21


0% 0 0 0% 0 0 10,913 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-29. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 85% 424,233 44,379,743 4% 20,675 421,047 1,090,413 11% 53,811 2,380,112


2027 85% 468,739 51,160,857 4% 22,823 485,341 1,253,824 11% 60,947 2,812,115


2028 85% 508,037 57,813,793 4% 24,583 545,508 1,406,015 11% 67,997 3,270,853


2029 84% 549,764 65,186,938 4% 26,362 610,009 1,568,829 12% 75,286 3,773,157


2030 84% 583,369 72,028,242 4% 27,764 669,514 1,718,317 12% 82,893 4,325,829


2031 84% 621,402 79,845,628 4% 29,575 742,704 1,902,479 12% 88,297 4,795,314


2032 84% 652,332 87,185,723 4% 31,047 811,564 2,074,749 12% 92,692 5,235,411


2033 84% 686,690 95,441,034 4% 32,682 888,696 2,267,776 12% 97,574 5,728,006


2034 84% 712,396 102,926,116 4% 33,905 958,694 2,441,908 12% 101,227 6,173,591


2035 84% 742,681 111,447,763 4% 35,347 1,038,360 2,640,531 12% 105,530 6,681,472


2036 84% 764,974 119,166,985 4% 36,408 1,110,551 2,819,782 12% 108,697 7,140,339


2037 84% 783,440 126,588,190 4% 37,287 1,179,840 2,992,407 12% 111,321 7,581,528


2038 84% 805,975 134,822,728 4% 38,359 1,256,478 3,185,885 12% 114,524 8,075,024


2039 84% 817,118 140,992,663 4% 38,889 1,313,727 3,332,835 12% 116,107 8,451,703


2040 84% 739,955 131,287,793 4% 35,217 1,222,994 3,106,042 12% 105,142 7,882,098


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-29. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


0% 0 0 0% 0 0 3,723 0.09 0.12


0% 0 0 0% 0 0 4,291 0.10 0.13


0% 0 0 0% 0 0 4,848 0.11 0.15


0% 0 0 0% 0 0 5,465 0.12 0.16


0% 0 0 0% 0 0 6,038 0.13 0.17


0% 0 0 0% 0 0 6,693 0.14 0.18


0% 0 0 0% 0 0 7,308 0.14 0.19


0% 0 0 0% 0 0 8,000 0.15 0.20


0% 0 0 0% 0 0 8,627 0.16 0.21


0% 0 0 0% 0 0 9,341 0.16 0.21


0% 0 0 0% 0 0 9,987 0.16 0.22


0% 0 0 0% 0 0 10,609 0.17 0.22


0% 0 0 0% 0 0 11,299 0.17 0.22


0% 0 0 0% 0 0 11,816 0.17 0.21


0% 0 0 0% 0 0 11,003 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Page 2 of 2 Ramboll







Table A-30. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2001 100% 17,581 492,838 0% 0 0 0 0% 1 13


2002 100% 17,396 519,815 0% 0 0 0 0% 7 79


2003 100% 18,261 584,063 0% 0 0 0 0% 1 12


2004 100% 17,485 620,429 0% 0 0 0 0% 1 8


2005 100% 19,931 744,101 0% 0 0 0 0% 1 11


2006 100% 20,294 810,536 0% 0 0 0 0% 1 13


2007 100% 21,610 895,705 0% 0 0 0 0% 2 26


2008 100% 17,913 797,202 0% 0 0 0 0% 8 112


2009 100% 14,142 635,358 0% 0 0 0 0% 2 35


2010 100% 16,923 735,246 0% 1 3 15 0% 9 147


2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691


2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322


2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105


2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437


2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810


2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787


2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457


2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466


2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601


2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669


2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288


2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660


2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226


2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755


2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822


2026 85% 219,761 18,208,793 4% 10,710 171,981 451,908 11% 27,875 979,732


2027 85% 258,741 22,456,424 4% 12,598 212,114 555,489 11% 33,642 1,237,162


2028 85% 300,679 27,310,373 4% 14,549 256,617 669,890 11% 40,244 1,547,489


2029 84% 343,168 32,595,097 4% 16,455 303,793 790,664 12% 46,994 1,888,561


2030 84% 386,794 38,383,317 4% 18,409 355,407 922,379 12% 54,961 2,306,853


2031 84% 431,003 44,656,861 4% 20,513 413,850 1,071,177 12% 61,243 2,683,184


2032 84% 477,078 51,574,684 4% 22,706 478,352 1,235,027 12% 67,790 3,098,236


2033 84% 518,165 58,405,552 4% 24,661 542,144 1,396,451 12% 73,628 3,508,235


2034 84% 561,504 65,947,281 4% 26,724 612,627 1,574,494 12% 79,786 3,960,912


2035 84% 597,713 73,101,152 4% 28,447 679,589 1,742,931 12% 84,931 4,390,345


2036 84% 636,105 80,962,667 4% 30,274 753,214 1,927,965 12% 90,386 4,862,426


2037 84% 667,180 88,329,199 4% 31,753 822,345 2,100,691 12% 94,802 5,304,019


2038 84% 701,654 96,602,944 4% 33,394 899,667 2,293,959 12% 99,700 5,797,554


2039 84% 727,252 104,086,433 4% 34,612 969,669 2,467,860 12% 103,338 6,242,847


2040 84% 757,391 112,590,629 4% 36,047 1,049,189 2,665,871 12% 107,620 6,749,460


2041 84% 779,333 120,269,438 4% 37,091 1,121,019 2,843,979 12% 110,738 7,205,621


2042 84% 797,208 127,609,859 4% 37,942 1,189,565 3,014,512 12% 113,278 7,641,631


2043 84% 818,902 135,699,051 4% 38,974 1,264,855 3,204,367 12% 116,360 8,126,069


2044 84% 828,649 141,621,489 4% 39,438 1,319,800 3,345,305 12% 117,745 8,487,539


2045 84% 748,769 131,560,435 4% 35,636 1,225,722 3,110,204 12% 106,395 7,896,358


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-30. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 40 0.01 0.006


0% 0 0 0% 0 0 43 0.01 0.006


0% 0 0 0% 0 0 48 0.01 0.006


0% 0 0 0% 0 0 51 0.005 0.002


0% 0 0 0% 0 0 61 0.005 0.002


0% 0 0 0% 0 0 66 0.005 0.002


0% 0 0 0% 0 0 73 0.005 0.003


0% 0 0 0% 0 0 65 0.005 0.003


0% 0 0 0% 0 0 52 0.003 0.002


0% 0 0 0% 0 0 60 0.004 0.003


0% 0 0 0% 0 0 66 0.004 0.003


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 131 0.008 0.006


0% 0 0 0% 0 0 145 0.009 0.006


0% 0 0 0% 0 0 193 0.01 0.008


0% 0 0 0% 0 0 222 0.01 0.009


0% 0 0 0% 0 0 275 0.02 0.01


0% 0 0 0% 0 0 290 0.02 0.01


0% 0 0 0% 0 0 303 0.02 0.01


0% 0 0 0% 0 0 301 0.01 0.01


0% 0 0 0% 0 0 443 0.02 0.02


0% 0 0 0% 0 0 634 0.03 0.03


0% 0 0 0% 0 0 789 0.03 0.03


0% 0 0 0% 0 0 982 0.03 0.04


0% 0 0 0% 0 0 1,217 0.04 0.04


0% 0 0 0% 0 0 1,528 0.04 0.06


0% 0 0 0% 0 0 1,884 0.05 0.07


0% 0 0 0% 0 0 2,291 0.06 0.08


0% 0 0 0% 0 0 2,733 0.07 0.09


0% 0 0 0% 0 0 3,218 0.08 0.11


0% 0 0 0% 0 0 3,744 0.09 0.12


0% 0 0 0% 0 0 4,324 0.10 0.13


0% 0 0 0% 0 0 4,896 0.11 0.15


0% 0 0 0% 0 0 5,528 0.12 0.16


0% 0 0 0% 0 0 6,128 0.13 0.17


0% 0 0 0% 0 0 6,786 0.14 0.18


0% 0 0 0% 0 0 7,404 0.15 0.19


0% 0 0 0% 0 0 8,097 0.15 0.20


0% 0 0 0% 0 0 8,724 0.16 0.21


0% 0 0 0% 0 0 9,436 0.16 0.22


0% 0 0 0% 0 0 10,080 0.17 0.22


0% 0 0 0% 0 0 10,695 0.17 0.22


0% 0 0 0% 0 0 11,372 0.17 0.22


0% 0 0 0% 0 0 11,869 0.17 0.21


0% 0 0 0% 0 0 11,026 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-31. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2006 100% 17,095 495,171 0% 0 0 0 0% 1 9


2007 100% 17,938 537,342 0% 0 0 0 0% 2 18


2008 100% 14,711 473,301 0% 0 0 0 0% 6 73


2009 100% 11,643 378,435 0% 0 0 0 0% 2 24


2010 100% 13,584 427,686 0% 0 2 9 0% 8 94


2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039


2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368


2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504


2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894


2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761


2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009


2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393


2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384


2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244


2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596


2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995


2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112


2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554


2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997


2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533


2026 85% 84,407 5,416,910 4% 4,114 50,877 136,660 11% 10,706 295,109


2027 85% 103,307 6,979,357 4% 5,030 65,571 175,255 11% 13,432 388,383


2028 85% 126,564 8,992,281 4% 6,124 84,058 223,637 11% 16,940 513,531


2029 84% 154,469 11,529,035 4% 7,407 106,921 283,234 12% 21,153 672,043


2030 84% 186,433 14,603,793 4% 8,873 134,574 355,060 12% 26,491 881,507


2031 84% 223,318 18,340,139 4% 10,628 169,173 444,687 12% 31,732 1,105,371


2032 84% 263,400 22,659,223 4% 12,536 209,209 548,060 12% 37,427 1,364,096


2033 84% 306,740 27,615,605 4% 14,599 255,208 666,413 12% 43,586 1,661,080


2034 84% 350,568 33,005,323 4% 16,685 305,290 794,782 12% 49,813 1,984,022


2035 84% 396,387 38,990,628 4% 18,865 360,976 937,068 12% 56,324 2,343,007


2036 84% 441,302 45,323,709 4% 21,003 419,968 1,087,267 12% 62,706 2,722,815


2037 84% 488,028 52,297,119 4% 23,227 484,984 1,252,421 12% 69,345 3,141,091


2038 84% 529,547 59,167,502 4% 25,203 549,142 1,414,757 12% 75,245 3,553,333


2039 84% 573,298 66,745,954 4% 27,285 619,964 1,593,644 12% 81,462 4,008,057


2040 84% 609,667 73,915,132 4% 29,016 687,067 1,762,410 12% 86,629 4,438,238


2041 84% 648,178 81,784,379 4% 30,849 760,761 1,947,591 12% 92,102 4,910,573


2042 84% 679,210 89,145,447 4% 32,326 829,839 2,120,143 12% 96,511 5,351,582


2043 84% 713,632 97,406,694 4% 33,964 907,037 2,313,062 12% 101,402 5,844,049


2044 84% 738,970 104,857,227 4% 35,170 976,725 2,486,125 12% 105,002 6,287,030


2045 84% 768,833 113,315,730 4% 36,591 1,055,810 2,682,995 12% 109,246 6,790,499


2046 84% 790,339 120,930,825 4% 37,615 1,127,036 2,859,529 12% 112,302 7,242,409


2047 84% 807,527 128,164,176 4% 38,433 1,194,575 3,027,460 12% 114,744 7,671,556


2048 84% 828,277 136,082,929 4% 39,420 1,268,267 3,213,196 12% 117,693 8,145,301


2049 84% 836,615 141,751,914 4% 39,817 1,320,843 3,348,041 12% 118,877 8,491,081


2050 84% 754,352 131,380,558 4% 35,902 1,223,884 3,105,533 12% 107,188 7,881,262


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-31. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 0 in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


2046


2047


2048


2049


2050


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.004 0.002


0% 0 0 0% 0 0 44 0.004 0.002


0% 0 0 0% 0 0 39 0.003 0.002


0% 0 0 0% 0 0 31 0.002 0.001


0% 0 0 0% 0 0 35 0.003 0.002


0% 0 0 0% 0 0 38 0.003 0.002


0% 0 0 0% 0 0 56 0.004 0.003


0% 0 0 0% 0 0 69 0.005 0.003


0% 0 0 0% 0 0 72 0.005 0.003


0% 0 0 0% 0 0 91 0.006 0.004


0% 0 0 0% 0 0 97 0.007 0.005


0% 0 0 0% 0 0 114 0.008 0.005


0% 0 0 0% 0 0 111 0.007 0.005


0% 0 0 0% 0 0 108 0.006 0.005


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 141 0.008 0.006


0% 0 0 0% 0 0 193 0.009 0.009


0% 0 0 0% 0 0 232 0.01 0.01


0% 0 0 0% 0 0 283 0.01 0.01


0% 0 0 0% 0 0 353 0.01 0.01


0% 0 0 0% 0 0 455 0.02 0.02


0% 0 0 0% 0 0 586 0.02 0.02


0% 0 0 0% 0 0 755 0.02 0.03


0% 0 0 0% 0 0 967 0.03 0.04


0% 0 0 0% 0 0 1,225 0.04 0.05


0% 0 0 0% 0 0 1,538 0.04 0.06


0% 0 0 0% 0 0 1,900 0.05 0.07


0% 0 0 0% 0 0 2,316 0.06 0.08


0% 0 0 0% 0 0 2,767 0.07 0.09


0% 0 0 0% 0 0 3,269 0.08 0.11


0% 0 0 0% 0 0 3,800 0.09 0.12


0% 0 0 0% 0 0 4,384 0.10 0.14


0% 0 0 0% 0 0 4,960 0.11 0.15


0% 0 0 0% 0 0 5,595 0.12 0.16


0% 0 0 0% 0 0 6,196 0.13 0.18


0% 0 0 0% 0 0 6,855 0.14 0.19


0% 0 0 0% 0 0 7,472 0.15 0.20


0% 0 0 0% 0 0 8,164 0.15 0.21


0% 0 0 0% 0 0 8,788 0.16 0.21


0% 0 0 0% 0 0 9,497 0.17 0.22


0% 0 0 0% 0 0 10,135 0.17 0.22


0% 0 0 0% 0 0 10,741 0.17 0.22


0% 0 0 0% 0 0 11,405 0.17 0.22


0% 0 0 0% 0 0 11,880 0.17 0.21


0% 0 0 0% 0 0 11,011 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-32. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 65% 540,131 97,639,769 4% 34,449 1,220,027 3,088,034 31% 256,391 19,581,287


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-32. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


0% 0 0 0% 0 0 8,247 0.11 0.14


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-33. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1986 100% 9,277 319,606 0% 0 0 0 0% 0 0


1987 100% 11,036 395,358 0% 0 0 0 0% 1 13


1988 100% 10,287 394,106 0% 0 0 0 0% 0 0


1989 100% 12,682 513,141 0% 0 0 0 0% 1 10


1990 100% 15,335 660,988 0% 0 0 0 0% 0 0


1991 100% 17,755 806,207 0% 0 0 0 0% 0 0


1992 100% 14,968 722,403 0% 0 0 0 0% 0 0


1993 100% 15,722 757,504 0% 0 0 0 0% 2 30


1994 100% 16,938 862,749 0% 0 0 0 0% 0 4


1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18


1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0


1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55


1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55


1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47


2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14


2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65


2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424


2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76


2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59


2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81


2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144


2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328


2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794


2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572


2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863


2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957


2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296


2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483


2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167


2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410


2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736


2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212


2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765


2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873


2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627


2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139


2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137


2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684


2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793


2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088


2026 65% 562,392 88,712,763 4% 35,869 1,108,113 2,804,580 31% 266,958 17,769,266


2027 57% 506,170 82,823,038 4% 36,682 1,175,675 2,972,420 39% 345,166 23,832,150


2028 49% 448,945 76,077,298 4% 37,500 1,244,657 3,146,136 47% 429,769 30,729,889


2029 41% 382,216 66,862,077 4% 37,726 1,292,471 3,268,769 55% 512,292 37,813,655


2030 32% 271,278 48,854,015 4% 33,914 1,195,950 3,027,919 64% 542,551 41,225,912


Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle
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Table A-33. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 26 0.01 0.005


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 54 0.03 0.010


0% 0 0 0% 0 0 66 0.03 0.01


0% 0 0 0% 0 0 59 0.03 0.01


0% 0 0 0% 0 0 62 0.03 0.01


0% 0 0 0% 0 0 71 0.04 0.01


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 124 0.06 0.02


0% 0 0 0% 0 0 149 0.06 0.03


0% 0 0 0% 0 0 169 0.05 0.03


0% 0 0 0% 0 0 229 0.04 0.03


0% 0 0 0% 0 0 263 0.04 0.03


0% 0 0 0% 0 0 311 0.05 0.04


0% 0 0 0% 0 0 396 0.05 0.04


0% 0 0 0% 0 0 478 0.03 0.01


0% 0 0 0% 0 0 658 0.03 0.02


0% 0 0 0% 0 0 826 0.04 0.02


0% 0 0 0% 0 0 1,059 0.05 0.03


0% 0 0 0% 0 0 1,094 0.05 0.03


0% 0 0 0% 0 0 1,015 0.04 0.03


0% 0 0 0% 0 0 1,312 0.06 0.04


0% 0 0 0% 0 0 1,596 0.06 0.05


0% 0 0 0% 0 0 2,585 0.10 0.08


0% 0 0 0% 0 0 3,531 0.13 0.11


0% 0 0 0% 0 0 3,977 0.15 0.12


0% 0 0 0% 0 0 5,225 0.19 0.16


0% 0 0 0% 0 0 5,716 0.22 0.18


0% 0 0 0% 0 0 6,666 0.24 0.20


0% 0 0 0% 0 0 6,383 0.22 0.18


0% 0 0 0% 0 0 5,949 0.19 0.17


0% 0 0 0% 0 0 5,093 0.15 0.14


0% 0 0 0% 0 0 6,446 0.18 0.18


0% 0 0 0% 0 0 7,811 0.20 0.21


0% 0 0 0% 0 0 8,237 0.19 0.21


0% 0 0 0% 0 0 8,610 0.18 0.21


0% 0 0 0% 0 0 9,101 0.16 0.20


0% 0 0 0% 0 0 7,493 0.12 0.16


0% 0 0 0% 0 0 7,024 0.11 0.14


0% 0 0 0% 0 0 6,486 0.10 0.12


0% 0 0 0% 0 0 5,742 0.08 0.10


0% 0 0 0% 0 0 4,248 0.06 0.07


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-34. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1991 100% 14,887 496,519 0% 0 0 0 0% 0 0


1992 100% 12,386 437,879 0% 0 0 0 0% 0 0


1993 100% 12,876 454,610 0% 0 0 0 0% 2 20


1994 100% 13,908 519,028 0% 0 0 0 0% 0 3


1995 100% 17,011 673,579 0% 0 0 0 0% 1 11


1996 100% 15,726 662,566 0% 0 0 0 0% 0 0


1997 100% 19,249 841,793 0% 0 0 0 0% 3 36


1998 100% 21,231 962,917 0% 0 0 0 0% 2 32


1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27


2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7


2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30


2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189


2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31


2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22


2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29


2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47


2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103


2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522


2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170


2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847


2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360


2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549


2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707


2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302


2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841


2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098


2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811


2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403


2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116


2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564


2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314


2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832


2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016


2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598


2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000


2026 65% 467,482 60,539,560 4% 29,815 754,625 1,930,143 31% 221,906 12,112,622


2027 57% 430,704 58,014,343 4% 31,213 822,291 2,099,102 39% 293,704 16,679,184


2028 49% 390,089 54,639,940 4% 32,584 892,959 2,275,365 47% 373,427 22,053,612


2029 41% 338,901 49,344,310 4% 33,451 953,218 2,424,492 55% 454,235 27,888,884


2030 32% 276,003 41,738,586 4% 34,505 1,021,517 2,594,022 64% 552,001 35,207,048


2031 24% 213,410 33,502,607 4% 35,573 1,093,525 2,772,634 72% 640,226 42,397,675


2032 18% 164,104 26,722,257 4% 36,472 1,163,085 2,945,735 78% 711,115 48,851,635


2033 12% 112,719 19,004,076 4% 37,578 1,240,654 3,141,258 84% 789,027 56,118,670


2034 6% 57,245 9,957,437 4% 38,168 1,299,952 3,293,065 90% 858,663 63,001,878


2035 0% 0 0 4% 34,638 1,213,298 3,076,767 96% 831,206 62,721,943


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-34. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.02 0.008


0% 0 0 0% 0 0 36 0.02 0.007


0% 0 0 0% 0 0 37 0.02 0.007


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 55 0.03 0.01


0% 0 0 0% 0 0 54 0.04 0.01


0% 0 0 0% 0 0 69 0.04 0.01


0% 0 0 0% 0 0 79 0.03 0.01


0% 0 0 0% 0 0 84 0.03 0.01


0% 0 0 0% 0 0 109 0.02 0.01


0% 0 0 0% 0 0 116 0.02 0.01


0% 0 0 0% 0 0 129 0.02 0.02


0% 0 0 0% 0 0 153 0.02 0.02


0% 0 0 0% 0 0 172 0.01 0.006


0% 0 0 0% 0 0 222 0.01 0.007


0% 0 0 0% 0 0 265 0.01 0.008


0% 0 0 0% 0 0 323 0.02 0.01


0% 0 0 0% 0 0 322 0.02 0.01


0% 0 0 0% 0 0 293 0.01 0.010


0% 0 0 0% 0 0 381 0.02 0.01


0% 0 0 0% 0 0 475 0.02 0.02


0% 0 0 0% 0 0 804 0.04 0.03


0% 0 0 0% 0 0 1,164 0.05 0.04


0% 0 0 0% 0 0 1,409 0.06 0.05


0% 0 0 0% 0 0 1,991 0.08 0.07


0% 0 0 0% 0 0 2,353 0.11 0.08


0% 0 0 0% 0 0 2,931 0.12 0.10


0% 0 0 0% 0 0 3,022 0.12 0.10


0% 0 0 0% 0 0 2,984 0.11 0.10


0% 0 0 0% 0 0 2,726 0.10 0.09


0% 0 0 0% 0 0 3,621 0.12 0.12


0% 0 0 0% 0 0 4,642 0.14 0.15


0% 0 0 0% 0 0 5,064 0.14 0.16


0% 0 0 0% 0 0 5,543 0.14 0.16


0% 0 0 0% 0 0 5,997 0.13 0.17


0% 0 0 0% 0 0 5,115 0.10 0.14


0% 0 0 0% 0 0 4,922 0.10 0.13


0% 0 0 0% 0 0 4,660 0.09 0.12


0% 0 0 0% 0 0 4,238 0.08 0.10


0% 0 0 0% 0 0 3,630 0.06 0.08


0% 0 0 0% 0 0 2,970 0.05 0.06


0% 0 0 0% 0 0 2,429 0.04 0.05


0% 0 0 0% 0 0 1,813 0.03 0.03


0% 0 0 0% 0 0 1,085 0.02 0.02


0% 0 0 0% 0 0 252 0.007 0.004


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-35. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 65% 324,168 33,911,685 4% 20,675 421,047 1,090,413 31% 153,877 6,765,602


2027 57% 314,930 34,373,272 4% 22,823 485,341 1,253,824 39% 214,756 9,851,828


2028 49% 294,302 33,491,115 4% 24,583 545,508 1,406,015 47% 281,732 13,479,728


2029 41% 267,079 31,668,216 4% 26,362 610,009 1,568,829 55% 357,971 17,854,418


2030 32% 222,088 27,421,128 4% 27,764 669,514 1,718,317 64% 444,173 23,081,327


2031 24% 177,426 22,797,903 4% 29,575 742,704 1,902,479 72% 532,274 28,801,012


2032 18% 139,693 18,670,261 4% 31,047 811,564 2,074,749 78% 605,331 34,091,054


2033 12% 98,033 13,625,389 4% 32,682 888,696 2,267,776 84% 686,230 40,200,527


2034 6% 50,852 7,346,988 4% 33,905 958,694 2,441,908 90% 762,771 46,463,120


2035 0% 0 0 4% 35,347 1,038,360 2,640,531 96% 848,210 53,678,440


2036 0% 0 0 4% 36,408 1,110,551 2,819,782 96% 873,671 57,410,409


2037 0% 0 0 4% 37,287 1,179,840 2,992,407 96% 894,762 60,992,337


2038 0% 0 0 4% 38,359 1,256,478 3,185,885 96% 920,499 64,954,134


2039 0% 0 0 4% 38,889 1,313,727 3,332,835 96% 933,225 67,913,671


2040 0% 0 0 4% 35,217 1,222,994 3,106,042 96% 845,097 63,223,164


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-35. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


0% 0 0 0% 0 0 2,866 0.07 0.09


0% 0 0 0% 0 0 2,917 0.07 0.09


0% 0 0 0% 0 0 2,857 0.07 0.09


0% 0 0 0% 0 0 2,721 0.06 0.08


0% 0 0 0% 0 0 2,386 0.05 0.07


0% 0 0 0% 0 0 2,022 0.04 0.05


0% 0 0 0% 0 0 1,698 0.04 0.04


0% 0 0 0% 0 0 1,301 0.03 0.03


0% 0 0 0% 0 0 801 0.02 0.02


0% 0 0 0% 0 0 216 0.007 0.004


0% 0 0 0% 0 0 231 0.007 0.004


0% 0 0 0% 0 0 245 0.008 0.004


0% 0 0 0% 0 0 261 0.008 0.005


0% 0 0 0% 0 0 273 0.008 0.005


0% 0 0 0% 0 0 254 0.007 0.004


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide
EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-36. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2001 100% 17,581 492,838 0% 0 0 0 0% 1 13


2002 100% 17,396 519,815 0% 0 0 0 0% 7 79


2003 100% 18,261 584,063 0% 0 0 0 0% 1 12


2004 100% 17,485 620,429 0% 0 0 0 0% 1 8


2005 100% 19,931 744,101 0% 0 0 0 0% 1 11


2006 100% 20,294 810,536 0% 0 0 0 0% 1 13


2007 100% 21,610 895,705 0% 0 0 0 0% 2 26


2008 100% 17,913 797,202 0% 0 0 0 0% 8 112


2009 100% 14,142 635,358 0% 0 0 0 0% 2 35


2010 100% 16,923 735,246 0% 1 3 15 0% 9 147


2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691


2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322


2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105


2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437


2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810


2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787


2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457


2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466


2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601


2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669


2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288


2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660


2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226


2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755


2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822


2026 65% 167,925 13,913,800 4% 10,710 171,981 451,908 31% 79,711 2,769,255


2027 57% 173,839 15,087,722 4% 12,598 212,114 555,489 39% 118,544 4,311,126


2028 49% 174,181 15,820,703 4% 14,549 256,617 669,890 47% 166,741 6,346,215


2029 41% 166,713 15,834,899 4% 16,455 303,793 790,664 55% 223,449 8,896,336


2030 32% 147,252 14,612,516 4% 18,409 355,407 922,379 64% 294,502 12,256,579


2031 24% 123,062 12,750,639 4% 20,513 413,850 1,071,177 72% 369,184 16,051,691


2032 18% 102,163 11,044,387 4% 22,706 478,352 1,235,027 78% 442,705 20,096,591


2033 12% 73,974 8,338,115 4% 24,661 542,144 1,396,451 84% 517,818 24,526,102


2034 6% 40,081 4,707,395 4% 26,724 612,627 1,574,494 90% 601,209 29,692,084


2035 0% 0 0 4% 28,447 679,589 1,742,931 96% 682,644 35,131,652


2036 0% 0 0 4% 30,274 753,214 1,927,965 96% 726,491 38,937,712


2037 0% 0 0 4% 31,753 822,345 2,100,691 96% 761,982 42,511,445


2038 0% 0 0 4% 33,394 899,667 2,293,959 96% 801,354 46,508,679


2039 0% 0 0 4% 34,612 969,669 2,467,860 96% 830,590 50,127,457


2040 0% 0 0 4% 36,047 1,049,189 2,665,871 96% 865,011 54,238,284


2041 0% 0 0 4% 37,091 1,121,019 2,843,979 96% 890,071 57,951,532


2042 0% 0 0 4% 37,942 1,189,565 3,014,512 96% 910,486 61,495,065


2043 0% 0 0 4% 38,974 1,264,855 3,204,367 96% 935,263 65,387,212


2044 0% 0 0 4% 39,438 1,319,800 3,345,305 96% 946,394 68,227,630


2045 0% 0 0 4% 35,636 1,225,722 3,110,204 96% 855,164 63,364,207


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle







Table A-36. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 40 0.01 0.006


0% 0 0 0% 0 0 43 0.01 0.006


0% 0 0 0% 0 0 48 0.01 0.006


0% 0 0 0% 0 0 51 0.005 0.002


0% 0 0 0% 0 0 61 0.005 0.002


0% 0 0 0% 0 0 66 0.005 0.002


0% 0 0 0% 0 0 73 0.005 0.003


0% 0 0 0% 0 0 65 0.005 0.003


0% 0 0 0% 0 0 52 0.003 0.002


0% 0 0 0% 0 0 60 0.004 0.003


0% 0 0 0% 0 0 66 0.004 0.003


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 131 0.008 0.006


0% 0 0 0% 0 0 145 0.009 0.006


0% 0 0 0% 0 0 193 0.01 0.008


0% 0 0 0% 0 0 222 0.01 0.009


0% 0 0 0% 0 0 275 0.02 0.01


0% 0 0 0% 0 0 290 0.02 0.01


0% 0 0 0% 0 0 303 0.02 0.01


0% 0 0 0% 0 0 301 0.01 0.01


0% 0 0 0% 0 0 443 0.02 0.02


0% 0 0 0% 0 0 634 0.03 0.03


0% 0 0 0% 0 0 789 0.03 0.03


0% 0 0 0% 0 0 982 0.03 0.04


0% 0 0 0% 0 0 1,217 0.04 0.04


0% 0 0 0% 0 0 1,176 0.03 0.04


0% 0 0 0% 0 0 1,281 0.04 0.05


0% 0 0 0% 0 0 1,350 0.04 0.05


0% 0 0 0% 0 0 1,361 0.04 0.05


0% 0 0 0% 0 0 1,272 0.03 0.04


0% 0 0 0% 0 0 1,132 0.03 0.04


0% 0 0 0% 0 0 1,005 0.03 0.03


0% 0 0 0% 0 0 797 0.02 0.02


0% 0 0 0% 0 0 514 0.01 0.01


0% 0 0 0% 0 0 143 0.006 0.003


0% 0 0 0% 0 0 158 0.006 0.003


0% 0 0 0% 0 0 172 0.006 0.003


0% 0 0 0% 0 0 188 0.007 0.004


0% 0 0 0% 0 0 202 0.007 0.004


0% 0 0 0% 0 0 218 0.007 0.004


0% 0 0 0% 0 0 233 0.008 0.004


0% 0 0 0% 0 0 247 0.008 0.004


0% 0 0 0% 0 0 262 0.008 0.005


0% 0 0 0% 0 0 274 0.008 0.005


0% 0 0 0% 0 0 255 0.007 0.004


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as 
described in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT 
per vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 







Table A-37. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2006 100% 17,095 495,171 0% 0 0 0 0% 1 9


2007 100% 17,938 537,342 0% 0 0 0 0% 2 18


2008 100% 14,711 473,301 0% 0 0 0 0% 6 73


2009 100% 11,643 378,435 0% 0 0 0 0% 2 24


2010 100% 13,584 427,686 0% 0 2 9 0% 8 94


2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039


2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368


2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504


2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894


2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761


2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009


2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393


2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384


2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244


2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596


2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995


2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112


2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554


2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997


2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533


2026 65% 64,497 4,139,198 4% 4,114 50,877 136,660 31% 30,616 823,259


2027 57% 69,408 4,689,197 4% 5,030 65,571 175,255 39% 47,331 1,336,696


2028 49% 73,318 5,209,164 4% 6,124 84,058 223,637 47% 70,186 2,082,624


2029 41% 75,042 5,600,876 4% 7,407 106,921 283,234 55% 100,580 3,134,673


2030 32% 70,975 5,559,659 4% 8,873 134,574 355,060 64% 141,949 4,643,985


2031 24% 63,763 5,236,564 4% 10,628 169,173 444,687 72% 191,287 6,564,034


2032 18% 56,405 4,852,327 4% 12,536 209,209 548,060 78% 244,422 8,791,260


2033 12% 43,791 3,942,469 4% 14,599 255,208 666,413 84% 306,534 11,546,749


2034 6% 25,024 2,355,959 4% 16,685 305,290 794,782 90% 375,357 14,797,195


2035 0% 0 0 4% 18,865 360,976 937,068 96% 452,711 18,660,792


2036 0% 0 0 4% 21,003 419,968 1,087,267 96% 504,008 21,710,427


2037 0% 0 0 4% 23,227 484,984 1,252,421 96% 557,374 25,071,454


2038 0% 0 0 4% 25,203 549,142 1,414,757 96% 604,792 28,388,128


2039 0% 0 0 4% 27,285 619,964 1,593,644 96% 654,759 32,049,293


2040 0% 0 0 4% 29,016 687,067 1,762,410 96% 696,296 35,518,231


2041 0% 0 0 4% 30,849 760,761 1,947,591 96% 740,279 39,327,879


2042 0% 0 0 4% 32,326 829,839 2,120,143 96% 775,721 42,898,853


2043 0% 0 0 4% 33,964 907,037 2,313,062 96% 815,034 46,889,677


2044 0% 0 0 4% 35,170 976,725 2,486,125 96% 843,972 50,492,203


2045 0% 0 0 4% 36,591 1,055,810 2,682,995 96% 878,079 54,580,526


2046 0% 0 0 4% 37,615 1,127,036 2,859,529 96% 902,640 58,262,615


2047 0% 0 0 4% 38,433 1,194,575 3,027,460 96% 922,271 61,754,060


2048 0% 0 0 4% 39,420 1,268,267 3,213,196 96% 945,970 65,563,567


2049 0% 0 0 4% 39,817 1,320,843 3,348,041 96% 955,492 68,281,503


2050 0% 0 0 4% 35,902 1,223,884 3,105,533 96% 861,541 63,269,189


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle







Table A-37. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1a in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


2046


2047


2048


2049


2050


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.004 0.002


0% 0 0 0% 0 0 44 0.004 0.002


0% 0 0 0% 0 0 39 0.003 0.002


0% 0 0 0% 0 0 31 0.002 0.001


0% 0 0 0% 0 0 35 0.003 0.002


0% 0 0 0% 0 0 38 0.003 0.002


0% 0 0 0% 0 0 56 0.004 0.003


0% 0 0 0% 0 0 69 0.005 0.003


0% 0 0 0% 0 0 72 0.005 0.003


0% 0 0 0% 0 0 91 0.006 0.004


0% 0 0 0% 0 0 97 0.007 0.005


0% 0 0 0% 0 0 114 0.008 0.005


0% 0 0 0% 0 0 111 0.007 0.005


0% 0 0 0% 0 0 108 0.006 0.005


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 141 0.008 0.006


0% 0 0 0% 0 0 193 0.009 0.009


0% 0 0 0% 0 0 232 0.01 0.01


0% 0 0 0% 0 0 283 0.01 0.01


0% 0 0 0% 0 0 353 0.01 0.01


0% 0 0 0% 0 0 350 0.01 0.01


0% 0 0 0% 0 0 398 0.01 0.02


0% 0 0 0% 0 0 445 0.01 0.02


0% 0 0 0% 0 0 482 0.01 0.02


0% 0 0 0% 0 0 484 0.01 0.02


0% 0 0 0% 0 0 465 0.01 0.02


0% 0 0 0% 0 0 442 0.01 0.02


0% 0 0 0% 0 0 377 0.01 0.01


0% 0 0 0% 0 0 258 0.008 0.008


0% 0 0 0% 0 0 77 0.004 0.002


0% 0 0 0% 0 0 89 0.004 0.002


0% 0 0 0% 0 0 103 0.004 0.002


0% 0 0 0% 0 0 116 0.005 0.003


0% 0 0 0% 0 0 130 0.005 0.003


0% 0 0 0% 0 0 144 0.006 0.003


0% 0 0 0% 0 0 159 0.006 0.003


0% 0 0 0% 0 0 174 0.006 0.003


0% 0 0 0% 0 0 189 0.007 0.004


0% 0 0 0% 0 0 204 0.007 0.004


0% 0 0 0% 0 0 220 0.007 0.004


0% 0 0 0% 0 0 234 0.008 0.004


0% 0 0 0% 0 0 248 0.008 0.004


0% 0 0 0% 0 0 263 0.008 0.005


0% 0 0 0% 0 0 274 0.008 0.005


0% 0 0 0% 0 0 254 0.008 0.004


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as 
described in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT 
per vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 







Table A-38. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 65% 540,131 97,639,769 7% 58,168 2,059,650 5,213,221 28% 232,672 17,772,525


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-38. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


0% 0 0 0% 0 0 8,421 0.12 0.14


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-39. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)
1986 100% 9,277 319,606 0% 0 0 0 0% 0 0
1987 100% 11,036 395,358 0% 0 0 0 0% 1 13
1988 100% 10,287 394,106 0% 0 0 0 0% 0 0
1989 100% 12,682 513,141 0% 0 0 0 0% 1 10
1990 100% 15,335 660,988 0% 0 0 0 0% 0 0
1991 100% 17,755 806,207 0% 0 0 0 0% 0 0
1992 100% 14,968 722,403 0% 0 0 0 0% 0 0
1993 100% 15,722 757,504 0% 0 0 0 0% 2 30
1994 100% 16,938 862,749 0% 0 0 0 0% 0 4
1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18
1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0
1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55
1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55
1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47
2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14
2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65
2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424
2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76
2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59
2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81
2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144
2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328
2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794
2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572
2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863
2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957
2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296
2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483
2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167
2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410
2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736
2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212
2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765
2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873
2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627
2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139
2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137
2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684
2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793
2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088
2026 65% 562,392 88,712,763 7% 60,565 1,871,040 4,735,510 28% 242,261 16,125,728
2027 57% 506,170 82,823,038 9% 76,370 2,447,705 6,188,454 34% 305,478 21,091,873
2028 49% 448,945 76,077,298 10% 93,454 3,101,764 7,840,373 41% 373,815 26,729,208
2029 41% 382,216 66,862,077 12% 110,004 3,768,193 9,530,078 47% 440,015 32,480,322
2030 32% 271,278 48,854,015 14% 115,293 4,064,433 10,290,377 54% 461,172 35,046,471


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-39. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O
0% 0 0 0% 0 0 26 0.01 0.005
0% 0 0 0% 0 0 32 0.02 0.006
0% 0 0 0% 0 0 32 0.02 0.006
0% 0 0 0% 0 0 42 0.02 0.008
0% 0 0 0% 0 0 54 0.03 0.010
0% 0 0 0% 0 0 66 0.03 0.01
0% 0 0 0% 0 0 59 0.03 0.01
0% 0 0 0% 0 0 62 0.03 0.01
0% 0 0 0% 0 0 71 0.04 0.01
0% 0 0 0% 0 0 94 0.05 0.02
0% 0 0 0% 0 0 94 0.05 0.02
0% 0 0 0% 0 0 124 0.06 0.02
0% 0 0 0% 0 0 149 0.06 0.03
0% 0 0 0% 0 0 169 0.05 0.03
0% 0 0 0% 0 0 229 0.04 0.03
0% 0 0 0% 0 0 263 0.04 0.03
0% 0 0 0% 0 0 311 0.05 0.04
0% 0 0 0% 0 0 396 0.05 0.04
0% 0 0 0% 0 0 478 0.03 0.01
0% 0 0 0% 0 0 658 0.03 0.02
0% 0 0 0% 0 0 826 0.04 0.02
0% 0 0 0% 0 0 1,059 0.05 0.03
0% 0 0 0% 0 0 1,094 0.05 0.03
0% 0 0 0% 0 0 1,015 0.04 0.03
0% 0 0 0% 0 0 1,312 0.06 0.04
0% 0 0 0% 0 0 1,596 0.06 0.05
0% 0 0 0% 0 0 2,585 0.10 0.08
0% 0 0 0% 0 0 3,531 0.13 0.11
0% 0 0 0% 0 0 3,977 0.15 0.12
0% 0 0 0% 0 0 5,225 0.19 0.16
0% 0 0 0% 0 0 5,716 0.22 0.18
0% 0 0 0% 0 0 6,666 0.24 0.20
0% 0 0 0% 0 0 6,383 0.22 0.18
0% 0 0 0% 0 0 5,949 0.19 0.17
0% 0 0 0% 0 0 5,093 0.15 0.14
0% 0 0 0% 0 0 6,446 0.18 0.18
0% 0 0 0% 0 0 7,811 0.20 0.21
0% 0 0 0% 0 0 8,237 0.19 0.21
0% 0 0 0% 0 0 8,610 0.18 0.21
0% 0 0 0% 0 0 9,101 0.16 0.20
0% 0 0 0% 0 0 7,651 0.13 0.16
0% 0 0 0% 0 0 7,288 0.12 0.15
0% 0 0 0% 0 0 6,871 0.11 0.13
0% 0 0 0% 0 0 6,254 0.10 0.11
0% 0 0 0% 0 0 4,842 0.08 0.08


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-40. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)
1991 100% 14,887 496,519 0% 0 0 0 0% 0 0
1992 100% 12,386 437,879 0% 0 0 0 0% 0 0
1993 100% 12,876 454,610 0% 0 0 0 0% 2 20
1994 100% 13,908 519,028 0% 0 0 0 0% 0 3
1995 100% 17,011 673,579 0% 0 0 0 0% 1 11
1996 100% 15,726 662,566 0% 0 0 0 0% 0 0
1997 100% 19,249 841,793 0% 0 0 0 0% 3 36
1998 100% 21,231 962,917 0% 0 0 0 0% 2 32
1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27
2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7
2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30
2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189
2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31
2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22
2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29
2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47
2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103
2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522
2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170
2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847
2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360
2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549
2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707
2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302
2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841
2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098
2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811
2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403
2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116
2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564
2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314
2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832
2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016
2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598
2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000
2026 65% 467,482 60,539,560 7% 50,344 1,273,939 3,258,418 28% 201,377 10,993,889
2027 57% 430,704 58,014,343 9% 64,983 1,711,595 4,369,269 34% 259,934 14,763,399
2028 49% 390,089 54,639,940 10% 81,202 2,224,910 5,669,333 41% 324,809 19,184,252
2029 41% 338,901 49,344,310 12% 97,537 2,779,042 7,068,436 47% 390,149 23,955,597
2030 32% 276,003 41,738,586 14% 117,301 3,472,448 8,817,878 54% 469,205 29,927,118
2031 24% 213,410 33,502,607 15% 135,160 4,154,869 10,534,670 61% 540,639 35,802,764
2032 18% 164,104 26,722,257 16% 149,517 4,768,321 12,076,679 66% 598,069 41,085,042
2033 12% 112,719 19,004,076 18% 165,321 5,458,416 13,820,362 70% 661,284 47,032,540
2034 6% 57,245 9,957,437 19% 179,366 6,108,530 15,474,249 75% 717,465 52,642,980
2035 0% 0 0 20% 173,169 6,063,983 15,377,477 80% 692,675 52,272,334


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-40. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O
0% 0 0 0% 0 0 41 0.02 0.008
0% 0 0 0% 0 0 36 0.02 0.007
0% 0 0 0% 0 0 37 0.02 0.007
0% 0 0 0% 0 0 42 0.02 0.008
0% 0 0 0% 0 0 55 0.03 0.01
0% 0 0 0% 0 0 54 0.04 0.01
0% 0 0 0% 0 0 69 0.04 0.01
0% 0 0 0% 0 0 79 0.03 0.01
0% 0 0 0% 0 0 84 0.03 0.01
0% 0 0 0% 0 0 109 0.02 0.01
0% 0 0 0% 0 0 116 0.02 0.01
0% 0 0 0% 0 0 129 0.02 0.02
0% 0 0 0% 0 0 153 0.02 0.02
0% 0 0 0% 0 0 172 0.01 0.006
0% 0 0 0% 0 0 222 0.01 0.007
0% 0 0 0% 0 0 265 0.01 0.008
0% 0 0 0% 0 0 323 0.02 0.01
0% 0 0 0% 0 0 322 0.02 0.01
0% 0 0 0% 0 0 293 0.01 0.010
0% 0 0 0% 0 0 381 0.02 0.01
0% 0 0 0% 0 0 475 0.02 0.02
0% 0 0 0% 0 0 804 0.04 0.03
0% 0 0 0% 0 0 1,164 0.05 0.04
0% 0 0 0% 0 0 1,409 0.06 0.05
0% 0 0 0% 0 0 1,991 0.08 0.07
0% 0 0 0% 0 0 2,353 0.11 0.08
0% 0 0 0% 0 0 2,931 0.12 0.10
0% 0 0 0% 0 0 3,022 0.12 0.10
0% 0 0 0% 0 0 2,984 0.11 0.10
0% 0 0 0% 0 0 2,726 0.10 0.09
0% 0 0 0% 0 0 3,621 0.12 0.12
0% 0 0 0% 0 0 4,642 0.14 0.15
0% 0 0 0% 0 0 5,064 0.14 0.16
0% 0 0 0% 0 0 5,543 0.14 0.16
0% 0 0 0% 0 0 5,997 0.13 0.17
0% 0 0 0% 0 0 5,223 0.11 0.14
0% 0 0 0% 0 0 5,107 0.10 0.13
0% 0 0 0% 0 0 4,938 0.10 0.12
0% 0 0 0% 0 0 4,619 0.09 0.11
0% 0 0 0% 0 0 4,139 0.08 0.09
0% 0 0 0% 0 0 3,605 0.07 0.08
0% 0 0 0% 0 0 3,177 0.06 0.06
0% 0 0 0% 0 0 2,687 0.06 0.05
0% 0 0 0% 0 0 2,082 0.05 0.04
0% 0 0 0% 0 0 1,259 0.04 0.02


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Page 2 of 2 Ramboll







Table A-41. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 65% 324,168 33,911,685 7% 34,910 710,651 1,840,421 28% 139,641 6,141,720


2027 57% 314,930 34,373,272 9% 47,516 1,009,971 2,609,145 34% 190,063 8,721,643


2028 49% 294,302 33,491,115 10% 61,263 1,358,780 3,502,176 41% 245,052 11,727,734


2029 41% 267,079 31,668,216 12% 76,867 1,777,825 4,572,229 47% 307,466 15,338,648


2030 32% 222,088 27,421,128 14% 94,388 2,275,019 5,838,867 54% 377,550 19,622,661


2031 24% 177,426 22,797,903 15% 112,370 2,820,780 7,225,594 61% 449,479 24,324,307


2032 18% 139,693 18,670,261 16% 127,276 3,325,924 8,502,665 66% 509,102 28,674,484


2033 12% 98,033 13,625,389 18% 143,782 3,908,860 9,974,635 70% 575,130 33,694,327


2034 6% 50,852 7,346,988 19% 159,335 4,504,684 11,473,962 75% 637,341 38,824,156


2035 0% 0 0 20% 176,711 5,190,882 13,200,325 80% 706,846 44,732,852


2036 0% 0 0 20% 182,016 5,552,276 14,097,691 80% 728,063 47,841,806


2037 0% 0 0 20% 186,410 5,899,072 14,961,705 80% 745,638 50,825,913


2038 0% 0 0 20% 191,772 6,282,159 15,928,844 80% 767,086 54,127,540


2039 0% 0 0 20% 194,423 6,567,623 16,661,603 80% 777,691 56,595,445


2040 0% 0 0 20% 176,063 6,112,778 15,524,648 80% 704,251 52,689,327


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-41. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


0% 0 0 0% 0 0 2,927 0.07 0.09


0% 0 0 0% 0 0 3,028 0.07 0.09


0% 0 0 0% 0 0 3,029 0.07 0.09


0% 0 0 0% 0 0 2,967 0.07 0.08


0% 0 0 0% 0 0 2,723 0.06 0.07


0% 0 0 0% 0 0 2,458 0.06 0.06


0% 0 0 0% 0 0 2,225 0.05 0.05


0% 0 0 0% 0 0 1,932 0.05 0.04


0% 0 0 0% 0 0 1,541 0.04 0.03


0% 0 0 0% 0 0 1,081 0.04 0.02


0% 0 0 0% 0 0 1,154 0.04 0.02


0% 0 0 0% 0 0 1,225 0.04 0.02


0% 0 0 0% 0 0 1,304 0.04 0.02


0% 0 0 0% 0 0 1,364 0.04 0.02


0% 0 0 0% 0 0 1,271 0.04 0.02


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-42. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)
2001 100% 17,581 492,838 0% 0 0 0 0% 1 13
2002 100% 17,396 519,815 0% 0 0 0 0% 7 79
2003 100% 18,261 584,063 0% 0 0 0 0% 1 12
2004 100% 17,485 620,429 0% 0 0 0 0% 1 8
2005 100% 19,931 744,101 0% 0 0 0 0% 1 11
2006 100% 20,294 810,536 0% 0 0 0 0% 1 13
2007 100% 21,610 895,705 0% 0 0 0 0% 2 26
2008 100% 17,913 797,202 0% 0 0 0 0% 8 112
2009 100% 14,142 635,358 0% 0 0 0 0% 2 35
2010 100% 16,923 735,246 0% 1 3 15 0% 9 147
2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691
2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322
2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105
2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437
2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810
2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787
2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457
2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466
2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601
2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669
2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288
2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660
2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226
2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755
2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822
2026 65% 167,925 13,913,800 7% 18,084 290,156 762,432 28% 72,337 2,514,676
2027 57% 173,839 15,087,722 9% 26,228 441,199 1,155,422 34% 104,913 3,817,619
2028 49% 174,181 15,820,703 10% 36,258 638,899 1,667,826 41% 145,032 5,522,683
2029 41% 166,713 15,834,899 12% 47,981 884,975 2,303,275 47% 191,924 7,644,321
2030 32% 147,252 14,612,516 14% 62,582 1,207,122 3,132,813 54% 250,329 10,421,769
2031 24% 123,062 12,750,639 15% 77,939 1,571,107 4,066,536 61% 311,757 13,558,663
2032 18% 102,163 11,044,387 16% 93,082 1,959,517 5,059,160 66% 372,328 16,905,784
2033 12% 73,974 8,338,115 18% 108,496 2,383,535 6,139,495 70% 433,983 20,559,277
2034 6% 40,081 4,707,395 19% 125,587 2,877,296 7,394,855 75% 502,346 24,813,410
2035 0% 0 0 20% 142,218 3,395,806 8,709,165 80% 568,873 29,280,231
2036 0% 0 0 20% 151,353 3,764,012 9,634,558 80% 605,413 32,451,688
2037 0% 0 0 20% 158,747 4,109,890 10,498,771 80% 634,988 35,429,237
2038 0% 0 0 20% 166,950 4,496,790 11,465,849 80% 667,799 38,759,563
2039 0% 0 0 20% 173,040 4,847,192 12,336,363 80% 692,162 41,774,287
2040 0% 0 0 20% 180,212 5,245,171 13,327,383 80% 720,847 45,199,074
2041 0% 0 0 20% 185,432 5,604,787 14,219,115 80% 741,730 48,292,355
2042 0% 0 0 20% 189,685 5,947,906 15,072,761 80% 758,742 51,244,390
2043 0% 0 0 20% 194,847 6,324,292 16,021,877 80% 779,390 54,487,900
2044 0% 0 0 20% 197,166 6,598,270 16,724,671 80% 788,666 56,856,466
2045 0% 0 0 20% 178,160 6,126,708 15,546,194 80% 712,640 52,806,238


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-42. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O
0% 0 0 0% 0 0 40 0.01 0.006
0% 0 0 0% 0 0 43 0.01 0.006
0% 0 0 0% 0 0 48 0.01 0.006
0% 0 0 0% 0 0 51 0.005 0.002
0% 0 0 0% 0 0 61 0.005 0.002
0% 0 0 0% 0 0 66 0.005 0.002
0% 0 0 0% 0 0 73 0.005 0.003
0% 0 0 0% 0 0 65 0.005 0.003
0% 0 0 0% 0 0 52 0.003 0.002
0% 0 0 0% 0 0 60 0.004 0.003
0% 0 0 0% 0 0 66 0.004 0.003
0% 0 0 0% 0 0 101 0.006 0.004
0% 0 0 0% 0 0 131 0.008 0.006
0% 0 0 0% 0 0 145 0.009 0.006
0% 0 0 0% 0 0 193 0.01 0.008
0% 0 0 0% 0 0 222 0.01 0.009
0% 0 0 0% 0 0 275 0.02 0.01
0% 0 0 0% 0 0 290 0.02 0.01
0% 0 0 0% 0 0 303 0.02 0.01
0% 0 0 0% 0 0 301 0.01 0.01
0% 0 0 0% 0 0 443 0.02 0.02
0% 0 0 0% 0 0 634 0.03 0.03
0% 0 0 0% 0 0 789 0.03 0.03
0% 0 0 0% 0 0 982 0.03 0.04
0% 0 0 0% 0 0 1,217 0.04 0.04
0% 0 0 0% 0 0 1,202 0.04 0.04
0% 0 0 0% 0 0 1,330 0.04 0.05
0% 0 0 0% 0 0 1,432 0.04 0.05
0% 0 0 0% 0 0 1,485 0.04 0.05
0% 0 0 0% 0 0 1,453 0.04 0.05
0% 0 0 0% 0 0 1,377 0.04 0.04
0% 0 0 0% 0 0 1,318 0.04 0.04
0% 0 0 0% 0 0 1,185 0.04 0.03
0% 0 0 0% 0 0 991 0.03 0.02
0% 0 0 0% 0 0 713 0.03 0.01
0% 0 0 0% 0 0 789 0.03 0.02
0% 0 0 0% 0 0 860 0.03 0.02
0% 0 0 0% 0 0 939 0.03 0.02
0% 0 0 0% 0 0 1,010 0.03 0.02
0% 0 0 0% 0 0 1,091 0.04 0.02
0% 0 0 0% 0 0 1,164 0.04 0.02
0% 0 0 0% 0 0 1,234 0.04 0.02
0% 0 0 0% 0 0 1,312 0.04 0.02
0% 0 0 0% 0 0 1,369 0.04 0.02
0% 0 0 0% 0 0 1,273 0.04 0.02


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-43. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)
2006 100% 17,095 495,171 0% 0 0 0 0% 1 9
2007 100% 17,938 537,342 0% 0 0 0 0% 2 18
2008 100% 14,711 473,301 0% 0 0 0 0% 6 73
2009 100% 11,643 378,435 0% 0 0 0 0% 2 24
2010 100% 13,584 427,686 0% 0 2 9 0% 8 94
2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039
2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368
2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504
2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894
2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761
2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009
2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393
2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384
2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244
2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596
2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995
2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112
2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554
2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997
2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533
2026 65% 64,497 4,139,198 7% 6,946 85,755 230,344 28% 27,783 748,124
2027 57% 69,408 4,689,197 9% 10,472 136,243 364,145 34% 41,888 1,184,450
2028 49% 73,318 5,209,164 10% 15,262 209,057 556,198 41% 61,048 1,813,344
2029 41% 75,042 5,600,876 12% 21,597 311,157 824,254 47% 86,390 2,694,697
2030 32% 70,975 5,559,659 14% 30,164 456,649 1,204,821 54% 120,658 3,950,154
2031 24% 63,763 5,236,564 15% 40,383 641,707 1,686,787 61% 161,532 5,546,074
2032 18% 56,405 4,852,327 16% 51,392 856,381 2,243,442 66% 205,566 7,397,087
2033 12% 43,791 3,942,469 18% 64,227 1,121,299 2,927,997 70% 256,907 9,680,969
2034 6% 25,024 2,355,959 19% 78,408 1,433,012 3,730,649 75% 313,633 12,367,796
2035 0% 0 0 20% 94,315 1,802,770 4,679,868 80% 377,261 15,554,800
2036 0% 0 0 20% 105,002 2,097,661 5,430,694 80% 420,009 18,096,250
2037 0% 0 0 20% 116,120 2,422,690 6,256,345 80% 464,480 20,897,143
2038 0% 0 0 20% 125,999 2,743,476 7,068,030 80% 503,996 23,660,975
2039 0% 0 0 20% 136,409 3,097,610 7,962,540 80% 545,636 26,711,814
2040 0% 0 0 20% 145,063 3,433,210 8,806,594 80% 580,250 29,602,343
2041 0% 0 0 20% 154,226 3,801,780 9,732,766 80% 616,903 32,776,753
2042 0% 0 0 20% 161,609 4,147,412 10,596,165 80% 646,437 35,751,957
2043 0% 0 0 20% 169,800 4,533,716 11,561,556 80% 679,199 39,076,891
2044 0% 0 0 20% 175,828 4,882,572 12,427,947 80% 703,314 42,078,016
2045 0% 0 0 20% 182,934 5,278,405 13,413,338 80% 731,736 45,483,984
2046 0% 0 0 20% 188,051 5,635,041 14,297,285 80% 752,204 48,551,228
2047 0% 0 0 20% 192,141 5,973,156 15,138,009 80% 768,563 51,459,783
2048 0% 0 0 20% 197,078 6,341,586 16,066,621 80% 788,312 54,634,347
2049 0% 0 0 20% 199,062 6,603,759 16,739,054 80% 796,247 56,900,758
2050 0% 0 0 20% 179,489 6,117,808 15,523,574 80% 717,954 52,726,433


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-43. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1b in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O
0% 0 0 0% 0 0 41 0.004 0.002
0% 0 0 0% 0 0 44 0.004 0.002
0% 0 0 0% 0 0 39 0.003 0.002
0% 0 0 0% 0 0 31 0.002 0.001
0% 0 0 0% 0 0 35 0.003 0.002
0% 0 0 0% 0 0 38 0.003 0.002
0% 0 0 0% 0 0 56 0.004 0.003
0% 0 0 0% 0 0 69 0.005 0.003
0% 0 0 0% 0 0 72 0.005 0.003
0% 0 0 0% 0 0 91 0.006 0.004
0% 0 0 0% 0 0 97 0.007 0.005
0% 0 0 0% 0 0 114 0.008 0.005
0% 0 0 0% 0 0 111 0.007 0.005
0% 0 0 0% 0 0 108 0.006 0.005
0% 0 0 0% 0 0 101 0.006 0.004
0% 0 0 0% 0 0 141 0.008 0.006
0% 0 0 0% 0 0 193 0.009 0.009
0% 0 0 0% 0 0 232 0.01 0.01
0% 0 0 0% 0 0 283 0.01 0.01
0% 0 0 0% 0 0 353 0.01 0.01
0% 0 0 0% 0 0 358 0.01 0.01
0% 0 0 0% 0 0 414 0.01 0.02
0% 0 0 0% 0 0 472 0.02 0.02
0% 0 0 0% 0 0 526 0.02 0.02
0% 0 0 0% 0 0 554 0.02 0.02
0% 0 0 0% 0 0 567 0.02 0.02
0% 0 0 0% 0 0 581 0.02 0.02
0% 0 0 0% 0 0 563 0.02 0.02
0% 0 0 0% 0 0 498 0.02 0.01
0% 0 0 0% 0 0 383 0.02 0.009
0% 0 0 0% 0 0 445 0.02 0.01
0% 0 0 0% 0 0 512 0.02 0.01
0% 0 0 0% 0 0 579 0.02 0.01
0% 0 0 0% 0 0 652 0.03 0.01
0% 0 0 0% 0 0 721 0.03 0.01
0% 0 0 0% 0 0 797 0.03 0.02
0% 0 0 0% 0 0 868 0.03 0.02
0% 0 0 0% 0 0 947 0.03 0.02
0% 0 0 0% 0 0 1,018 0.04 0.02
0% 0 0 0% 0 0 1,098 0.04 0.02
0% 0 0 0% 0 0 1,171 0.04 0.02
0% 0 0 0% 0 0 1,239 0.04 0.02
0% 0 0 0% 0 0 1,315 0.04 0.02
0% 0 0 0% 0 0 1,370 0.04 0.02
0% 0 0 0% 0 0 1,271 0.04 0.02


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-44. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 65% 540,131 97,639,769 4% 34,449 1,220,027 3,088,034 31% 256,391 19,581,287


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-44. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


0% 0 0 0% 0 0 8,247 0.11 0.14


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-45. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1986 100% 9,277 319,606 0% 0 0 0 0% 0 0


1987 100% 11,036 395,358 0% 0 0 0 0% 1 13


1988 100% 10,287 394,106 0% 0 0 0 0% 0 0


1989 100% 12,682 513,141 0% 0 0 0 0% 1 10


1990 100% 15,335 660,988 0% 0 0 0 0% 0 0


1991 100% 17,755 806,207 0% 0 0 0 0% 0 0


1992 100% 14,968 722,403 0% 0 0 0 0% 0 0


1993 100% 15,722 757,504 0% 0 0 0 0% 2 30


1994 100% 16,938 862,749 0% 0 0 0 0% 0 4


1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18


1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0


1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55


1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55


1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47


2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14


2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65


2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424


2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76


2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59


2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81


2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144


2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328


2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794


2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572


2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863


2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957


2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296


2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483


2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167


2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410


2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736


2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212


2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765


2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873


2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627


2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139


2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137


2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684


2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793


2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088


2026 65% 562,392 88,712,763 4% 35,869 1,108,113 2,804,580 31% 266,958 17,769,266


2027 57% 506,170 82,823,038 4% 36,682 1,175,675 2,972,420 39% 345,166 23,832,150


2028 49% 448,945 76,077,298 4% 37,500 1,244,657 3,146,136 47% 429,769 30,729,889


2029 41% 382,216 66,862,077 4% 37,726 1,292,471 3,268,769 55% 512,292 37,813,655


2030 32% 271,278 48,854,015 11% 96,110 3,388,276 8,578,476 57% 480,355 36,503,084


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-45. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 26 0.01 0.005


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 54 0.03 0.010


0% 0 0 0% 0 0 66 0.03 0.01


0% 0 0 0% 0 0 59 0.03 0.01


0% 0 0 0% 0 0 62 0.03 0.01


0% 0 0 0% 0 0 71 0.04 0.01


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 124 0.06 0.02


0% 0 0 0% 0 0 149 0.06 0.03


0% 0 0 0% 0 0 169 0.05 0.03


0% 0 0 0% 0 0 229 0.04 0.03


0% 0 0 0% 0 0 263 0.04 0.03


0% 0 0 0% 0 0 311 0.05 0.04


0% 0 0 0% 0 0 396 0.05 0.04


0% 0 0 0% 0 0 478 0.03 0.01


0% 0 0 0% 0 0 658 0.03 0.02


0% 0 0 0% 0 0 826 0.04 0.02


0% 0 0 0% 0 0 1,059 0.05 0.03


0% 0 0 0% 0 0 1,094 0.05 0.03


0% 0 0 0% 0 0 1,015 0.04 0.03


0% 0 0 0% 0 0 1,312 0.06 0.04


0% 0 0 0% 0 0 1,596 0.06 0.05


0% 0 0 0% 0 0 2,585 0.10 0.08


0% 0 0 0% 0 0 3,531 0.13 0.11


0% 0 0 0% 0 0 3,977 0.15 0.12


0% 0 0 0% 0 0 5,225 0.19 0.16


0% 0 0 0% 0 0 5,716 0.22 0.18


0% 0 0 0% 0 0 6,666 0.24 0.20


0% 0 0 0% 0 0 6,383 0.22 0.18


0% 0 0 0% 0 0 5,949 0.19 0.17


0% 0 0 0% 0 0 5,093 0.15 0.14


0% 0 0 0% 0 0 6,446 0.18 0.18


0% 0 0 0% 0 0 7,811 0.20 0.21


0% 0 0 0% 0 0 8,237 0.19 0.21


0% 0 0 0% 0 0 8,610 0.18 0.21


0% 0 0 0% 0 0 9,101 0.16 0.20


0% 0 0 0% 0 0 7,493 0.12 0.16


0% 0 0 0% 0 0 7,024 0.111 0.143


0% 0 0 0% 0 0 6,486 0.099 0.124


0% 0 0 0% 0 0 5,742 0.084 0.103


0% 0 0 0% 0 0 4,702 0.073 0.078


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-46. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1991 100% 14,887 496,519 0% 0 0 0 0% 0 0


1992 100% 12,386 437,879 0% 0 0 0 0% 0 0


1993 100% 12,876 454,610 0% 0 0 0 0% 2 20


1994 100% 13,908 519,028 0% 0 0 0 0% 0 3


1995 100% 17,011 673,579 0% 0 0 0 0% 1 11


1996 100% 15,726 662,566 0% 0 0 0 0% 0 0


1997 100% 19,249 841,793 0% 0 0 0 0% 3 36


1998 100% 21,231 962,917 0% 0 0 0 0% 2 32


1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27


2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7


2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30


2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189


2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31


2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22


2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29


2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47


2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103


2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522


2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170


2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847


2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360


2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549


2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707


2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302


2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841


2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098


2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811


2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403


2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116


2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564


2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314


2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832


2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016


2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598


2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000


2026 65% 467,482 60,539,560 4% 29,815 754,625 1,930,143 31% 221,906 12,112,622


2027 57% 430,704 58,014,343 4% 31,213 822,291 2,099,102 39% 293,704 16,679,184


2028 49% 390,089 54,639,940 4% 32,584 892,959 2,275,365 47% 373,427 22,053,612


2029 41% 338,901 49,344,310 4% 33,451 953,218 2,424,492 55% 454,235 27,888,884


2030 32% 276,003 41,738,586 11% 97,784 2,894,717 7,350,796 57% 488,721 31,171,698


2031 24% 213,410 33,502,607 17% 151,894 4,669,292 11,838,991 59% 523,905 34,694,565


2032 18% 164,104 26,722,257 18% 162,392 5,178,913 13,116,584 64% 585,195 40,200,521


2033 12% 112,719 19,004,076 18% 166,766 5,506,139 13,941,195 64% 603,670 42,934,541


2034 6% 57,245 9,957,437 18% 168,918 5,752,729 14,572,928 68% 651,167 47,779,136


2035 0% 0 0 19% 160,651 5,625,686 14,266,011 69% 594,609 44,875,060


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-46. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.02 0.008


0% 0 0 0% 0 0 36 0.02 0.007


0% 0 0 0% 0 0 37 0.02 0.007


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 55 0.03 0.01


0% 0 0 0% 0 0 54 0.04 0.01


0% 0 0 0% 0 0 69 0.04 0.01


0% 0 0 0% 0 0 79 0.03 0.01


0% 0 0 0% 0 0 84 0.03 0.01


0% 0 0 0% 0 0 109 0.02 0.01


0% 0 0 0% 0 0 116 0.02 0.01


0% 0 0 0% 0 0 129 0.02 0.02


0% 0 0 0% 0 0 153 0.02 0.02


0% 0 0 0% 0 0 172 0.01 0.006


0% 0 0 0% 0 0 222 0.01 0.007


0% 0 0 0% 0 0 265 0.01 0.008


0% 0 0 0% 0 0 323 0.02 0.01


0% 0 0 0% 0 0 322 0.02 0.01


0% 0 0 0% 0 0 293 0.01 0.010


0% 0 0 0% 0 0 381 0.02 0.01


0% 0 0 0% 0 0 475 0.02 0.02


0% 0 0 0% 0 0 804 0.04 0.03


0% 0 0 0% 0 0 1,164 0.05 0.04


0% 0 0 0% 0 0 1,409 0.06 0.05


0% 0 0 0% 0 0 1,991 0.08 0.07


0% 0 0 0% 0 0 2,353 0.11 0.08


0% 0 0 0% 0 0 2,931 0.12 0.10


0% 0 0 0% 0 0 3,022 0.12 0.10


0% 0 0 0% 0 0 2,984 0.11 0.10


0% 0 0 0% 0 0 2,726 0.10 0.09


0% 0 0 0% 0 0 3,621 0.12 0.12


0% 0 0 0% 0 0 4,642 0.14 0.15


0% 0 0 0% 0 0 5,064 0.14 0.16


0% 0 0 0% 0 0 5,543 0.14 0.16


0% 0 0 0% 0 0 5,997 0.13 0.17


0% 0 0 0% 0 0 5,115 0.10 0.14


0% 0 0 0% 0 0 4,922 0.10 0.13


0% 0 0 0% 0 0 4,660 0.09 0.12


0% 0 0 0% 0 0 4,238 0.08 0.10


0% 0 0 0% 0 0 4,019 0.08 0.09


0% 0 0 0% 0 0 3,712 0.08 0.08


0% 0 0 0% 0 0 3,262 0.07 0.06


6% 56,169 3,787,976 0% 0 0 2,697 0.06 0.05


8% 76,745 5,339,785 0% 0 0 2,008 0.05 0.04


13% 110,583 7,914,341 0% 0 0 1,168 0.03 0.02


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Page 2 of 2 Ramboll







Table A-47. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 65% 324,168 33,911,685 4% 20,675 421,047 1,090,413 31% 153,877 6,765,602


2027 57% 314,930 34,373,272 4% 22,823 485,341 1,253,824 39% 214,756 9,851,828


2028 49% 294,302 33,491,115 4% 24,583 545,508 1,406,015 47% 281,732 13,479,728


2029 41% 267,079 31,668,216 4% 26,362 610,009 1,568,829 55% 357,971 17,854,418


2030 32% 222,088 27,421,128 11% 78,683 1,896,571 4,867,575 57% 393,255 20,437,935


2031 24% 177,426 22,797,903 17% 126,282 3,169,977 8,120,082 59% 435,566 23,572,048


2032 18% 139,693 18,670,261 18% 138,235 3,612,279 9,234,728 64% 498,143 28,057,602


2033 12% 98,033 13,625,389 18% 145,039 3,943,033 10,061,837 64% 525,021 30,759,919


2034 6% 50,852 7,346,988 18% 150,054 4,242,306 10,805,654 68% 578,448 35,237,411


2035 0% 0 0 19% 163,938 4,815,669 12,246,165 69% 606,774 38,400,274


2036 0% 0 0 18% 165,245 5,040,700 12,798,757 68% 621,364 40,830,105


2037 0% 0 0 18% 171,983 5,442,528 13,803,780 69% 641,862 43,750,953


2038 0% 0 0 18% 173,156 5,672,337 14,382,598 68% 656,521 46,324,739


2039 0% 0 0 18% 175,550 5,930,109 15,044,275 68% 665,597 48,438,322


2040 0% 0 0 18% 160,244 5,563,583 14,129,856 68% 602,698 45,094,194


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-47. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


0% 0 0 0% 0 0 2,866 0.07 0.09


0% 0 0 0% 0 0 2,917 0.07 0.09


0% 0 0 0% 0 0 2,857 0.07 0.09


0% 0 0 0% 0 0 2,721 0.06 0.08


0% 0 0 0% 0 0 2,644 0.06 0.07


0% 0 0 0% 0 0 2,531 0.06 0.06


0% 0 0 0% 0 0 2,285 0.06 0.05


6% 48,851 2,715,872 0% 0 0 1,939 0.05 0.04


8% 68,174 3,939,903 0% 0 0 1,486 0.04 0.03


13% 112,845 6,773,504 0% 0 0 1,003 0.03 0.02


14% 123,469 7,693,588 0% 0 0 1,048 0.03 0.02


13% 118,203 7,639,708 0% 0 0 1,130 0.04 0.02


13% 129,181 8,643,687 0% 0 0 1,178 0.04 0.02


13% 130,967 9,039,251 0% 0 0 1,232 0.04 0.02


13% 117,372 8,329,984 0% 0 0 1,157 0.03 0.02


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-48. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2001 100% 17,581 492,838 0% 0 0 0 0% 1 13


2002 100% 17,396 519,815 0% 0 0 0 0% 7 79


2003 100% 18,261 584,063 0% 0 0 0 0% 1 12


2004 100% 17,485 620,429 0% 0 0 0 0% 1 8


2005 100% 19,931 744,101 0% 0 0 0 0% 1 11


2006 100% 20,294 810,536 0% 0 0 0 0% 1 13


2007 100% 21,610 895,705 0% 0 0 0 0% 2 26


2008 100% 17,913 797,202 0% 0 0 0 0% 8 112


2009 100% 14,142 635,358 0% 0 0 0 0% 2 35


2010 100% 16,923 735,246 0% 1 3 15 0% 9 147


2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691


2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322


2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105


2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437


2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810


2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787


2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457


2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466


2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601


2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669


2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288


2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660


2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226


2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755


2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822


2026 65% 167,925 13,913,800 4% 10,710 171,981 451,908 31% 79,711 2,769,255


2027 57% 173,839 15,087,722 4% 12,598 212,114 555,489 39% 118,544 4,311,126


2028 49% 174,181 15,820,703 4% 14,549 256,617 669,890 47% 166,741 6,346,215


2029 41% 166,713 15,834,899 4% 16,455 303,793 790,664 55% 223,449 8,896,336


2030 32% 147,252 14,612,516 11% 52,170 1,006,357 2,611,771 57% 260,741 10,854,269


2031 24% 123,062 12,750,639 17% 87,589 1,765,571 4,569,872 59% 302,108 13,139,739


2032 18% 102,163 11,044,387 18% 101,097 2,128,204 5,494,682 64% 364,313 16,542,390


2033 12% 73,974 8,338,115 18% 109,444 2,404,371 6,193,162 64% 396,173 18,770,171


2034 6% 40,081 4,707,395 18% 118,271 2,709,727 6,964,190 68% 455,927 22,522,711


2035 0% 0 0 19% 131,938 3,150,375 8,079,711 69% 488,335 25,138,012


2036 0% 0 0 18% 137,408 3,417,243 8,746,950 68% 516,688 27,698,846


2037 0% 0 0 18% 146,461 3,791,849 9,686,329 69% 546,611 30,500,627


2038 0% 0 0 18% 150,744 4,060,311 10,352,921 68% 571,544 33,174,722


2039 0% 0 0 18% 156,243 4,376,689 11,138,907 68% 592,396 35,754,101


2040 0% 0 0 18% 164,020 4,773,900 12,129,938 68% 616,901 38,681,600


2041 0% 0 0 18% 168,771 5,101,194 12,941,520 68% 634,772 41,327,871


2042 0% 0 0 18% 172,642 5,413,474 13,718,442 68% 649,331 43,853,423


2043 0% 0 0 18% 177,341 5,756,043 14,582,282 68% 667,002 46,629,251


2044 0% 0 0 18% 179,451 6,005,420 15,221,972 68% 674,940 48,657,601


2045 0% 0 0 18% 162,153 5,576,255 14,149,450 68% 609,877 45,193,705


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-48. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 40 0.01 0.006


0% 0 0 0% 0 0 43 0.01 0.006


0% 0 0 0% 0 0 48 0.01 0.006


0% 0 0 0% 0 0 51 0.005 0.002


0% 0 0 0% 0 0 61 0.005 0.002


0% 0 0 0% 0 0 66 0.005 0.002


0% 0 0 0% 0 0 73 0.005 0.003


0% 0 0 0% 0 0 65 0.005 0.003


0% 0 0 0% 0 0 52 0.003 0.002


0% 0 0 0% 0 0 60 0.004 0.003


0% 0 0 0% 0 0 66 0.004 0.003


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 131 0.008 0.006


0% 0 0 0% 0 0 145 0.009 0.006


0% 0 0 0% 0 0 193 0.01 0.008


0% 0 0 0% 0 0 222 0.01 0.009


0% 0 0 0% 0 0 275 0.02 0.01


0% 0 0 0% 0 0 290 0.02 0.01


0% 0 0 0% 0 0 303 0.02 0.01


0% 0 0 0% 0 0 301 0.01 0.01


0% 0 0 0% 0 0 443 0.02 0.02


0% 0 0 0% 0 0 634 0.03 0.03


0% 0 0 0% 0 0 789 0.03 0.03


0% 0 0 0% 0 0 982 0.03 0.04


0% 0 0 0% 0 0 1,217 0.04 0.04


0% 0 0 0% 0 0 1,176 0.03 0.04


0% 0 0 0% 0 0 1,281 0.04 0.05


0% 0 0 0% 0 0 1,350 0.04 0.05


0% 0 0 0% 0 0 1,361 0.04 0.05


0% 0 0 0% 0 0 1,410 0.04 0.04


0% 0 0 0% 0 0 1,418 0.04 0.04


0% 0 0 0% 0 0 1,354 0.04 0.04


6% 36,862 1,661,990 0% 0 0 1,190 0.04 0.03


8% 53,734 2,524,392 0% 0 0 956 0.03 0.02


13% 90,819 4,442,897 0% 0 0 662 0.03 0.01


14% 102,670 5,227,063 0% 0 0 716 0.03 0.01


13% 100,662 5,330,745 0% 0 0 793 0.03 0.02


13% 112,460 6,193,359 0% 0 0 848 0.03 0.02


13% 116,563 6,673,137 0% 0 0 912 0.03 0.02


13% 120,138 7,143,681 0% 0 0 993 0.03 0.02


13% 123,618 7,630,888 0% 0 0 1,060 0.03 0.02


13% 126,454 8,096,626 0% 0 0 1,123 0.04 0.02


13% 129,895 8,609,871 0% 0 0 1,194 0.04 0.02


13% 131,441 8,985,639 0% 0 0 1,246 0.04 0.02


13% 118,770 8,347,283 0% 0 0 1,158 0.03 0.02


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-49. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2006 100% 17,095 495,171 0% 0 0 0 0% 1 9
2007 100% 17,938 537,342 0% 0 0 0 0% 2 18
2008 100% 14,711 473,301 0% 0 0 0 0% 6 73
2009 100% 11,643 378,435 0% 0 0 0 0% 2 24
2010 100% 13,584 427,686 0% 0 2 9 0% 8 94
2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039
2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368
2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504
2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894
2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761
2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009
2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393
2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384
2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244
2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596
2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995
2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112
2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554
2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997
2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533
2026 65% 64,497 4,139,198 4% 4,114 50,877 136,660 31% 30,616 823,259
2027 57% 69,408 4,689,197 4% 5,030 65,571 175,255 39% 47,331 1,336,696
2028 49% 73,318 5,209,164 4% 6,124 84,058 223,637 47% 70,186 2,082,624
2029 41% 75,042 5,600,876 4% 7,407 106,921 283,234 55% 100,580 3,134,673
2030 32% 70,975 5,559,659 11% 25,146 380,730 1,004,516 57% 125,676 4,113,703
2031 24% 63,763 5,236,564 17% 45,383 721,111 1,895,508 59% 156,532 5,375,018
2032 18% 56,405 4,852,327 18% 55,817 930,086 2,436,526 64% 201,141 7,238,307
2033 12% 43,791 3,942,469 18% 64,788 1,131,099 2,953,586 64% 234,524 8,839,470
2034 6% 25,024 2,355,959 18% 73,841 1,349,569 3,513,416 68% 284,652 11,227,112
2035 0% 0 0 19% 87,498 1,672,493 4,341,677 69% 323,850 13,356,070
2036 0% 0 0 18% 95,328 1,904,433 4,930,439 68% 358,456 15,447,846
2037 0% 0 0 18% 107,133 2,235,234 5,772,259 69% 399,835 17,992,179
2038 0% 0 0 18% 113,768 2,477,213 6,382,055 68% 431,351 20,254,083
2039 0% 0 0 18% 123,168 2,796,970 7,189,731 68% 466,989 22,865,056
2040 0% 0 0 18% 132,029 3,124,778 8,015,428 68% 496,578 25,336,854
2041 0% 0 0 18% 140,369 3,460,229 8,858,376 68% 527,945 28,053,244
2042 0% 0 0 18% 147,089 3,774,800 9,644,183 68% 553,221 30,598,885
2043 0% 0 0 18% 154,543 4,126,387 10,522,814 68% 581,258 33,443,696
2044 0% 0 0 18% 160,030 4,443,888 11,311,334 68% 601,896 36,011,198
2045 0% 0 0 18% 166,498 4,804,145 12,208,162 68% 626,220 38,925,172
2046 0% 0 0 18% 171,155 5,128,726 13,012,656 68% 643,736 41,549,099
2047 0% 0 0 18% 174,877 5,436,451 13,777,817 68% 657,736 44,037,378
2048 0% 0 0 18% 179,371 5,771,778 14,622,992 68% 674,638 46,754,135
2049 0% 0 0 18% 181,176 6,010,410 15,235,046 68% 681,428 48,694,986
2050 0% 0 0 18% 163,362 5,568,149 14,128,846 68% 614,425 45,124,868


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-49. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 1c in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050


Model Year
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O
0% 0 0 0% 0 0 41 0.004 0.002
0% 0 0 0% 0 0 44 0.004 0.002
0% 0 0 0% 0 0 39 0.003 0.002
0% 0 0 0% 0 0 31 0.002 0.001
0% 0 0 0% 0 0 35 0.003 0.002
0% 0 0 0% 0 0 38 0.003 0.002
0% 0 0 0% 0 0 56 0.004 0.003
0% 0 0 0% 0 0 69 0.005 0.003
0% 0 0 0% 0 0 72 0.005 0.003
0% 0 0 0% 0 0 91 0.006 0.004
0% 0 0 0% 0 0 97 0.007 0.005
0% 0 0 0% 0 0 114 0.008 0.005
0% 0 0 0% 0 0 111 0.007 0.005
0% 0 0 0% 0 0 108 0.006 0.005
0% 0 0 0% 0 0 101 0.006 0.004
0% 0 0 0% 0 0 141 0.008 0.006
0% 0 0 0% 0 0 193 0.009 0.009
0% 0 0 0% 0 0 232 0.01 0.01
0% 0 0 0% 0 0 283 0.01 0.01
0% 0 0 0% 0 0 353 0.01 0.01
0% 0 0 0% 0 0 350 0.01 0.01
0% 0 0 0% 0 0 398 0.01 0.02
0% 0 0 0% 0 0 445 0.01 0.02
0% 0 0 0% 0 0 482 0.01 0.02
0% 0 0 0% 0 0 537 0.02 0.02
0% 0 0 0% 0 0 584 0.02 0.02
0% 0 0 0% 0 0 597 0.02 0.02
6% 21,821 785,830 0% 0 0 565 0.02 0.02
8% 33,548 1,263,409 0% 0 0 481 0.02 0.01
13% 60,228 2,369,748 0% 0 0 355 0.02 0.008
14% 71,228 2,926,162 0% 0 0 404 0.02 0.009
13% 73,632 3,156,177 0% 0 0 473 0.02 0.01
13% 84,875 3,793,317 0% 0 0 523 0.02 0.01
13% 91,887 4,279,183 0% 0 0 589 0.02 0.01
13% 96,706 4,689,788 0% 0 0 656 0.03 0.01
13% 102,814 5,189,078 0% 0 0 725 0.03 0.01
13% 107,737 5,656,125 0% 0 0 790 0.03 0.02
13% 113,197 6,180,287 0% 0 0 862 0.03 0.02
13% 117,216 6,653,010 0% 0 0 926 0.03 0.02
13% 121,953 7,189,688 0% 0 0 1000 0.03 0.02
13% 125,364 7,672,852 0% 0 0 1,065 0.03 0.02
13% 128,090 8,131,796 0% 0 0 1,128 0.04 0.02
13% 131,382 8,634,227 0% 0 0 1,197 0.04 0.02
13% 132,704 8,993,915 0% 0 0 1,247 0.04 0.02
13% 119,656 8,335,870 0% 0 0 1,157 0.03 0.02


Notes:


Abbreviations:
BEV - battery electric vehicle ICEV - internal combustion engine vehicle
CH4 - methane MJ - megajoule
CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-50. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 65% 540,131 97,639,769 4% 34,449 1,220,027 3,088,034 11% 89,660 6,866,855


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-50. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


20% 166,731 12,056,007 0% 0 0 8,247 0.11 0.14


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


Page 2 of 2 Ramboll







Table A-51. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1986 100% 9,277 319,606 0% 0 0 0 0% 0 0


1987 100% 11,036 395,358 0% 0 0 0 0% 1 13


1988 100% 10,287 394,106 0% 0 0 0 0% 0 0


1989 100% 12,682 513,141 0% 0 0 0 0% 1 10


1990 100% 15,335 660,988 0% 0 0 0 0% 0 0


1991 100% 17,755 806,207 0% 0 0 0 0% 0 0


1992 100% 14,968 722,403 0% 0 0 0 0% 0 0


1993 100% 15,722 757,504 0% 0 0 0 0% 2 30


1994 100% 16,938 862,749 0% 0 0 0 0% 0 4


1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18


1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0


1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55


1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55


1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47


2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14


2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65


2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424


2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76


2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59


2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81


2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144


2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328


2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794


2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572


2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863


2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957


2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296


2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483


2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167


2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410


2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736


2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212


2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765


2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873


2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627


2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139


2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137


2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684


2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793


2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088


2026 65% 562,392 88,712,763 4% 35,869 1,108,113 2,804,580 11% 93,356 6,216,252


2027 57% 506,170 82,823,038 4% 36,682 1,175,675 2,972,420 11% 97,957 6,763,472


2028 49% 448,945 76,077,298 4% 37,500 1,244,657 3,146,136 11% 103,726 7,417,910


2029 41% 382,216 66,862,077 4% 37,726 1,292,471 3,268,769 12% 107,741 7,961,945


2030 32% 271,278 48,854,015 4% 33,914 1,195,950 3,027,919 12% 101,252 7,716,317


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-51. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 26 0.01 0.005


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 54 0.03 0.010


0% 0 0 0% 0 0 66 0.03 0.01


0% 0 0 0% 0 0 59 0.03 0.01


0% 0 0 0% 0 0 62 0.03 0.01


0% 0 0 0% 0 0 71 0.04 0.01


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 124 0.06 0.02


0% 0 0 0% 0 0 149 0.06 0.03


0% 0 0 0% 0 0 169 0.05 0.03


0% 0 0 0% 0 0 229 0.04 0.03


0% 0 0 0% 0 0 263 0.04 0.03


0% 0 0 0% 0 0 311 0.05 0.04


0% 0 0 0% 0 0 396 0.05 0.04


0% 0 0 0% 0 0 478 0.03 0.01


0% 0 0 0% 0 0 658 0.03 0.02


0% 0 0 0% 0 0 826 0.04 0.02


0% 0 0 0% 0 0 1,059 0.05 0.03


0% 0 0 0% 0 0 1,094 0.05 0.03


0% 0 0 0% 0 0 1,015 0.04 0.03


0% 0 0 0% 0 0 1,312 0.06 0.04


0% 0 0 0% 0 0 1,596 0.06 0.05


0% 0 0 0% 0 0 2,585 0.10 0.08


0% 0 0 0% 0 0 3,531 0.13 0.11


0% 0 0 0% 0 0 3,977 0.15 0.12


0% 0 0 0% 0 0 5,225 0.19 0.16


0% 0 0 0% 0 0 5,716 0.22 0.18


0% 0 0 0% 0 0 6,666 0.24 0.20


0% 0 0 0% 0 0 6,383 0.22 0.18


0% 0 0 0% 0 0 5,949 0.19 0.17


0% 0 0 0% 0 0 5,093 0.15 0.14


0% 0 0 0% 0 0 6,446 0.18 0.18


0% 0 0 0% 0 0 7,811 0.20 0.21


0% 0 0 0% 0 0 8,237 0.19 0.21


0% 0 0 0% 0 0 8,610 0.18 0.21


0% 0 0 0% 0 0 9,101 0.16 0.20


20% 173,603 10,953,751 0% 0 0 7,493 0.12 0.16


28% 247,209 16,179,999 0% 0 0 7,024 0.11 0.14


36% 326,043 22,100,233 0% 0 0 6,486 0.10 0.12


43% 404,551 28,307,642 0% 0 0 5,742 0.08 0.10


52% 441,299 31,789,161 0% 0 0 4,248 0.06 0.07


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-52. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1991 100% 14,887 496,519 0% 0 0 0 0% 0 0


1992 100% 12,386 437,879 0% 0 0 0 0% 0 0


1993 100% 12,876 454,610 0% 0 0 0 0% 2 20


1994 100% 13,908 519,028 0% 0 0 0 0% 0 3


1995 100% 17,011 673,579 0% 0 0 0 0% 1 11


1996 100% 15,726 662,566 0% 0 0 0 0% 0 0


1997 100% 19,249 841,793 0% 0 0 0 0% 3 36


1998 100% 21,231 962,917 0% 0 0 0 0% 2 32


1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27


2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7


2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30


2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189


2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31


2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22


2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29


2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47


2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103


2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522


2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170


2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847


2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360


2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549


2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707


2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302


2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841


2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098


2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811


2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403


2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116


2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564


2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314


2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832


2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016


2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598


2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000


2026 65% 467,482 60,539,560 4% 29,815 754,625 1,930,143 11% 77,601 4,248,646


2027 57% 430,704 58,014,343 4% 31,213 822,291 2,099,102 11% 83,353 4,746,114


2028 49% 390,089 54,639,940 4% 32,584 892,959 2,275,365 11% 90,128 5,333,845


2029 41% 338,901 49,344,310 4% 33,451 953,218 2,424,492 12% 95,531 5,873,508


2030 32% 276,003 41,738,586 4% 34,505 1,021,517 2,594,022 12% 103,016 6,575,282


2031 24% 213,410 33,502,607 4% 35,573 1,093,525 2,772,634 12% 106,205 7,033,396


2032 18% 164,104 26,722,257 4% 36,472 1,163,085 2,945,735 12% 108,890 7,476,741


2033 12% 112,719 19,004,076 4% 37,578 1,240,654 3,141,258 12% 112,190 7,976,623


2034 6% 57,245 9,957,437 4% 38,168 1,299,952 3,293,065 12% 113,952 8,366,832


2035 0% 0 0 4% 34,638 1,213,298 3,076,767 12% 103,414 7,823,380


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-52. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.02 0.008


0% 0 0 0% 0 0 36 0.02 0.007


0% 0 0 0% 0 0 37 0.02 0.007


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 55 0.03 0.01


0% 0 0 0% 0 0 54 0.04 0.01


0% 0 0 0% 0 0 69 0.04 0.01


0% 0 0 0% 0 0 79 0.03 0.01


0% 0 0 0% 0 0 84 0.03 0.01


0% 0 0 0% 0 0 109 0.02 0.01


0% 0 0 0% 0 0 116 0.02 0.01


0% 0 0 0% 0 0 129 0.02 0.02


0% 0 0 0% 0 0 153 0.02 0.02


0% 0 0 0% 0 0 172 0.01 0.006


0% 0 0 0% 0 0 222 0.01 0.007


0% 0 0 0% 0 0 265 0.01 0.008


0% 0 0 0% 0 0 323 0.02 0.01


0% 0 0 0% 0 0 322 0.02 0.01


0% 0 0 0% 0 0 293 0.01 0.010


0% 0 0 0% 0 0 381 0.02 0.01


0% 0 0 0% 0 0 475 0.02 0.02


0% 0 0 0% 0 0 804 0.04 0.03


0% 0 0 0% 0 0 1,164 0.05 0.04


0% 0 0 0% 0 0 1,409 0.06 0.05


0% 0 0 0% 0 0 1,991 0.08 0.07


0% 0 0 0% 0 0 2,353 0.11 0.08


0% 0 0 0% 0 0 2,931 0.12 0.10


0% 0 0 0% 0 0 3,022 0.12 0.10


0% 0 0 0% 0 0 2,984 0.11 0.10


0% 0 0 0% 0 0 2,726 0.10 0.09


0% 0 0 0% 0 0 3,621 0.12 0.12


0% 0 0 0% 0 0 4,642 0.14 0.15


0% 0 0 0% 0 0 5,064 0.14 0.16


0% 0 0 0% 0 0 5,543 0.14 0.16


0% 0 0 0% 0 0 5,997 0.13 0.17


20% 144,305 7,475,083 0% 0 0 5,115 0.10 0.14


28% 210,352 11,333,465 0% 0 0 4,922 0.10 0.13


36% 283,299 15,872,743 0% 0 0 4,660 0.09 0.12


43% 358,704 20,891,081 0% 0 0 4,238 0.08 0.10


52% 448,985 27,159,173 0% 0 0 3,630 0.06 0.08


60% 534,022 33,533,743 0% 0 0 2,970 0.05 0.06


66% 602,224 39,225,755 0% 0 0 2,429 0.04 0.05


72% 676,837 45,645,106 0% 0 0 1,813 0.03 0.03


78% 744,711 51,815,687 0% 0 0 1,085 0.02 0.02


84% 727,792 52,087,406 0% 0 0 252 0.007 0.004


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-53. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 65% 324,168 33,911,685 4% 20,675 421,047 1,090,413 11% 53,811 2,380,112


2027 57% 314,930 34,373,272 4% 22,823 485,341 1,253,824 11% 60,947 2,812,115


2028 49% 294,302 33,491,115 4% 24,583 545,508 1,406,015 11% 67,997 3,270,853


2029 41% 267,079 31,668,216 4% 26,362 610,009 1,568,829 12% 75,286 3,773,157


2030 32% 222,088 27,421,128 4% 27,764 669,514 1,718,317 12% 82,893 4,325,829


2031 24% 177,426 22,797,903 4% 29,575 742,704 1,902,479 12% 88,297 4,795,314


2032 18% 139,693 18,670,261 4% 31,047 811,564 2,074,749 12% 92,692 5,235,411


2033 12% 98,033 13,625,389 4% 32,682 888,696 2,267,776 12% 97,574 5,728,006


2034 6% 50,852 7,346,988 4% 33,905 958,694 2,441,908 12% 101,227 6,173,591


2035 0% 0 0 4% 35,347 1,038,360 2,640,531 12% 105,530 6,681,472


2036 0% 0 0 4% 36,408 1,110,551 2,819,782 12% 108,697 7,140,339


2037 0% 0 0 4% 37,287 1,179,840 2,992,407 12% 111,321 7,581,528


2038 0% 0 0 4% 38,359 1,256,478 3,185,885 12% 114,524 8,075,024


2039 0% 0 0 4% 38,889 1,313,727 3,332,835 12% 116,107 8,451,703


2040 0% 0 0 4% 35,217 1,222,994 3,106,042 12% 105,142 7,882,098


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-53. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


20% 100,066 4,187,223 0% 0 0 2,866 0.07 0.09


28% 153,809 6,715,034 0% 0 0 2,917 0.07 0.09


36% 213,735 9,729,071 0% 0 0 2,857 0.07 0.09


43% 282,685 13,407,489 0% 0 0 2,721 0.06 0.08


52% 361,281 17,842,846 0% 0 0 2,386 0.05 0.07


60% 443,977 22,819,090 0% 0 0 2,022 0.04 0.05


66% 512,639 27,406,185 0% 0 0 1,698 0.04 0.04


72% 588,656 32,726,258 0% 0 0 1,301 0.03 0.03


78% 661,545 38,231,651 0% 0 0 801 0.02 0.02


84% 742,681 44,579,105 0% 0 0 216 0.007 0.004


84% 764,974 47,666,794 0% 0 0 231 0.007 0.004


84% 783,440 50,635,276 0% 0 0 245 0.008 0.004


84% 805,975 53,929,091 0% 0 0 261 0.008 0.005


84% 817,118 56,397,065 0% 0 0 273 0.008 0.005


84% 739,955 52,515,117 0% 0 0 254 0.007 0.004


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-54. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2001 100% 17,581 492,838 0% 0 0 0 0% 1 13


2002 100% 17,396 519,815 0% 0 0 0 0% 7 79


2003 100% 18,261 584,063 0% 0 0 0 0% 1 12


2004 100% 17,485 620,429 0% 0 0 0 0% 1 8


2005 100% 19,931 744,101 0% 0 0 0 0% 1 11


2006 100% 20,294 810,536 0% 0 0 0 0% 1 13


2007 100% 21,610 895,705 0% 0 0 0 0% 2 26


2008 100% 17,913 797,202 0% 0 0 0 0% 8 112


2009 100% 14,142 635,358 0% 0 0 0 0% 2 35


2010 100% 16,923 735,246 0% 1 3 15 0% 9 147


2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691


2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322


2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105


2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437


2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810


2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787


2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457


2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466


2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601


2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669


2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288


2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660


2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226


2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755


2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822


2026 65% 167,925 13,913,800 4% 10,710 171,981 451,908 11% 27,875 979,732


2027 57% 173,839 15,087,722 4% 12,598 212,114 555,489 11% 33,642 1,237,162


2028 49% 174,181 15,820,703 4% 14,549 256,617 669,890 11% 40,244 1,547,489


2029 41% 166,713 15,834,899 4% 16,455 303,793 790,664 12% 46,994 1,888,561


2030 32% 147,252 14,612,516 4% 18,409 355,407 922,379 12% 54,961 2,306,853


2031 24% 123,062 12,750,639 4% 20,513 413,850 1,071,177 12% 61,243 2,683,184


2032 18% 102,163 11,044,387 4% 22,706 478,352 1,235,027 12% 67,790 3,098,236


2033 12% 73,974 8,338,115 4% 24,661 542,144 1,396,451 12% 73,628 3,508,235


2034 6% 40,081 4,707,395 4% 26,724 612,627 1,574,494 12% 79,786 3,960,912


2035 0% 0 0 4% 28,447 679,589 1,742,931 12% 84,931 4,390,345


2036 0% 0 0 4% 30,274 753,214 1,927,965 12% 90,386 4,862,426


2037 0% 0 0 4% 31,753 822,345 2,100,691 12% 94,802 5,304,019


2038 0% 0 0 4% 33,394 899,667 2,293,959 12% 99,700 5,797,554


2039 0% 0 0 4% 34,612 969,669 2,467,860 12% 103,338 6,242,847


2040 0% 0 0 4% 36,047 1,049,189 2,665,871 12% 107,620 6,749,460


2041 0% 0 0 4% 37,091 1,121,019 2,843,979 12% 110,738 7,205,621


2042 0% 0 0 4% 37,942 1,189,565 3,014,512 12% 113,278 7,641,631


2043 0% 0 0 4% 38,974 1,264,855 3,204,367 12% 116,360 8,126,069


2044 0% 0 0 4% 39,438 1,319,800 3,345,305 12% 117,745 8,487,539


2045 0% 0 0 4% 35,636 1,225,722 3,110,204 12% 106,395 7,896,358


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-54. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 40 0.01 0.006


0% 0 0 0% 0 0 43 0.01 0.006


0% 0 0 0% 0 0 48 0.01 0.006


0% 0 0 0% 0 0 51 0.005 0.002


0% 0 0 0% 0 0 61 0.005 0.002


0% 0 0 0% 0 0 66 0.005 0.002


0% 0 0 0% 0 0 73 0.005 0.003


0% 0 0 0% 0 0 65 0.005 0.003


0% 0 0 0% 0 0 52 0.003 0.002


0% 0 0 0% 0 0 60 0.004 0.003


0% 0 0 0% 0 0 66 0.004 0.003


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 131 0.008 0.006


0% 0 0 0% 0 0 145 0.009 0.006


0% 0 0 0% 0 0 193 0.01 0.008


0% 0 0 0% 0 0 222 0.01 0.009


0% 0 0 0% 0 0 275 0.02 0.01


0% 0 0 0% 0 0 290 0.02 0.01


0% 0 0 0% 0 0 303 0.02 0.01


0% 0 0 0% 0 0 301 0.01 0.01


0% 0 0 0% 0 0 443 0.02 0.02


0% 0 0 0% 0 0 634 0.03 0.03


0% 0 0 0% 0 0 789 0.03 0.03


0% 0 0 0% 0 0 982 0.03 0.04


0% 0 0 0% 0 0 1,217 0.04 0.04


20% 51,836 1,717,997 0% 0 0 1,176 0.03 0.04


28% 84,901 2,947,481 0% 0 0 1,281 0.04 0.05


36% 126,498 4,595,868 0% 0 0 1,350 0.04 0.05


43% 176,455 6,704,079 0% 0 0 1,361 0.04 0.05


52% 239,541 9,508,321 0% 0 0 1,272 0.03 0.04


60% 307,941 12,762,489 0% 0 0 1,132 0.03 0.04


66% 374,915 16,212,119 0% 0 0 1,005 0.03 0.03


72% 444,190 20,026,975 0% 0 0 797 0.02 0.02


78% 521,423 24,495,954 0% 0 0 514 0.01 0.01


84% 597,713 29,240,461 0% 0 0 143 0.006 0.003


84% 636,105 32,385,067 0% 0 0 158 0.006 0.003


84% 667,180 35,331,680 0% 0 0 172 0.006 0.003


84% 701,654 38,641,177 0% 0 0 188 0.007 0.004


84% 727,252 41,634,573 0% 0 0 202 0.007 0.004


84% 757,391 45,036,251 0% 0 0 218 0.007 0.004


84% 779,333 48,107,775 0% 0 0 233 0.008 0.004


84% 797,208 51,043,944 0% 0 0 247 0.008 0.004


84% 818,902 54,279,621 0% 0 0 262 0.008 0.005


84% 828,649 56,648,596 0% 0 0 274 0.008 0.005


84% 748,769 52,624,174 0% 0 0 255 0.007 0.004


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-55. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2006 100% 17,095 495,171 0% 0 0 0 0% 1 9


2007 100% 17,938 537,342 0% 0 0 0 0% 2 18


2008 100% 14,711 473,301 0% 0 0 0 0% 6 73


2009 100% 11,643 378,435 0% 0 0 0 0% 2 24


2010 100% 13,584 427,686 0% 0 2 9 0% 8 94


2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039


2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368


2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504


2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894


2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761


2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009


2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393


2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384


2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244


2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596


2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995


2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112


2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554


2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997


2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533


2026 65% 64,497 4,139,198 4% 4,114 50,877 136,660 11% 10,706 295,109


2027 57% 69,408 4,689,197 4% 5,030 65,571 175,255 11% 13,432 388,383


2028 49% 73,318 5,209,164 4% 6,124 84,058 223,637 11% 16,940 513,531


2029 41% 75,042 5,600,876 4% 7,407 106,921 283,234 12% 21,153 672,043


2030 32% 70,975 5,559,659 4% 8,873 134,574 355,060 12% 26,491 881,507


2031 24% 63,763 5,236,564 4% 10,628 169,173 444,687 12% 31,732 1,105,371


2032 18% 56,405 4,852,327 4% 12,536 209,209 548,060 12% 37,427 1,364,096


2033 12% 43,791 3,942,469 4% 14,599 255,208 666,413 12% 43,586 1,661,080


2034 6% 25,024 2,355,959 4% 16,685 305,290 794,782 12% 49,813 1,984,022


2035 0% 0 0 4% 18,865 360,976 937,068 12% 56,324 2,343,007


2036 0% 0 0 4% 21,003 419,968 1,087,267 12% 62,706 2,722,815


2037 0% 0 0 4% 23,227 484,984 1,252,421 12% 69,345 3,141,091


2038 0% 0 0 4% 25,203 549,142 1,414,757 12% 75,245 3,553,333


2039 0% 0 0 4% 27,285 619,964 1,593,644 12% 81,462 4,008,057


2040 0% 0 0 4% 29,016 687,067 1,762,410 12% 86,629 4,438,238


2041 0% 0 0 4% 30,849 760,761 1,947,591 12% 92,102 4,910,573


2042 0% 0 0 4% 32,326 829,839 2,120,143 12% 96,511 5,351,582


2043 0% 0 0 4% 33,964 907,037 2,313,062 12% 101,402 5,844,049


2044 0% 0 0 4% 35,170 976,725 2,486,125 12% 105,002 6,287,030


2045 0% 0 0 4% 36,591 1,055,810 2,682,995 12% 109,246 6,790,499


2046 0% 0 0 4% 37,615 1,127,036 2,859,529 12% 112,302 7,242,409


2047 0% 0 0 4% 38,433 1,194,575 3,027,460 12% 114,744 7,671,556


2048 0% 0 0 4% 39,420 1,268,267 3,213,196 12% 117,693 8,145,301


2049 0% 0 0 4% 39,817 1,320,843 3,348,041 12% 118,877 8,491,081


2050 0% 0 0 4% 35,902 1,223,884 3,105,533 12% 107,188 7,881,262


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-55. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 1d and 1d-1 in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


2046


2047


2048


2049


2050


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.004 0.002


0% 0 0 0% 0 0 44 0.004 0.002


0% 0 0 0% 0 0 39 0.003 0.002


0% 0 0 0% 0 0 31 0.002 0.001


0% 0 0 0% 0 0 35 0.003 0.002


0% 0 0 0% 0 0 38 0.003 0.002


0% 0 0 0% 0 0 56 0.004 0.003


0% 0 0 0% 0 0 69 0.005 0.003


0% 0 0 0% 0 0 72 0.005 0.003


0% 0 0 0% 0 0 91 0.006 0.004


0% 0 0 0% 0 0 97 0.007 0.005


0% 0 0 0% 0 0 114 0.008 0.005


0% 0 0 0% 0 0 111 0.007 0.005


0% 0 0 0% 0 0 108 0.006 0.005


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 141 0.008 0.006


0% 0 0 0% 0 0 193 0.009 0.009


0% 0 0 0% 0 0 232 0.01 0.01


0% 0 0 0% 0 0 283 0.01 0.01


0% 0 0 0% 0 0 353 0.01 0.01


20% 19,909 511,085 0% 0 0 350 0.01 0.01


28% 33,898 916,064 0% 0 0 398 0.01 0.02


36% 53,247 1,513,247 0% 0 0 445 0.01 0.02


43% 79,427 2,371,263 0% 0 0 482 0.01 0.02


52% 115,458 3,617,654 0% 0 0 484 0.01 0.02


60% 159,555 5,241,430 0% 0 0 465 0.01 0.02


66% 206,994 7,122,759 0% 0 0 442 0.01 0.02


72% 262,949 9,469,254 0% 0 0 377 0.01 0.01


78% 325,544 12,259,745 0% 0 0 258 0.008 0.008


84% 396,387 15,596,251 0% 0 0 77 0.004 0.002


84% 441,302 18,129,484 0% 0 0 89 0.004 0.002


84% 488,028 20,918,848 0% 0 0 103 0.004 0.002


84% 529,547 23,667,001 0% 0 0 116 0.005 0.003


84% 573,298 26,698,382 0% 0 0 130 0.005 0.003


84% 609,667 29,566,053 0% 0 0 144 0.006 0.003


84% 648,178 32,713,752 0% 0 0 159 0.006 0.003


84% 679,210 35,658,179 0% 0 0 174 0.006 0.003


84% 713,632 38,962,677 0% 0 0 189 0.007 0.004


84% 738,970 41,942,891 0% 0 0 204 0.007 0.004


84% 768,833 45,326,292 0% 0 0 220 0.007 0.004


84% 790,339 48,372,330 0% 0 0 234 0.008 0.004


84% 807,527 51,265,670 0% 0 0 248 0.008 0.004


84% 828,277 54,433,171 0% 0 0 263 0.008 0.005


84% 836,615 56,700,766 0% 0 0 274 0.008 0.005


84% 754,352 52,552,223 0% 0 0 254 0.008 0.004


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Page 2 of 2 Ramboll







Table A-56. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 65% 540,131 97,639,769 24% 201,179 7,122,038 18,026,732 11% 89,660 6,866,855


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year
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Table A-56. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


0% 0 0 0% 0 0 9,470 0.15 0.16


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-57. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1986 100% 9,277 319,606 0% 0 0 0 0% 0 0


1987 100% 11,036 395,358 0% 0 0 0 0% 1 13


1988 100% 10,287 394,106 0% 0 0 0 0% 0 0


1989 100% 12,682 513,141 0% 0 0 0 0% 1 10


1990 100% 15,335 660,988 0% 0 0 0 0% 0 0


1991 100% 17,755 806,207 0% 0 0 0 0% 0 0


1992 100% 14,968 722,403 0% 0 0 0 0% 0 0


1993 100% 15,722 757,504 0% 0 0 0 0% 2 30


1994 100% 16,938 862,749 0% 0 0 0 0% 0 4


1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18


1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0


1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55


1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55


1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47


2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14


2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65


2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424


2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76


2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59


2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81


2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144


2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328


2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794


2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572


2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863


2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957


2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296


2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483


2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167


2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410


2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736


2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212


2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765


2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873


2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627


2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139


2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137


2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684


2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793


2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088


2026 65% 562,392 88,712,763 24% 209,471 6,470,997 16,377,775 11% 93,356 6,216,252


2027 57% 506,170 82,823,038 32% 283,891 9,098,918 23,004,500 11% 97,957 6,763,472


2028 49% 448,945 76,077,298 40% 363,543 12,066,027 30,499,462 11% 103,726 7,417,910


2029 41% 382,216 66,862,077 47% 442,277 15,149,570 38,314,540 12% 107,741 7,961,945


2030 32% 271,278 48,854,015 56% 475,213 16,751,030 42,410,446 12% 101,252 7,716,317
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Table A-57. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 26 0.01 0.005


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 54 0.03 0.010


0% 0 0 0% 0 0 66 0.03 0.01


0% 0 0 0% 0 0 59 0.03 0.01


0% 0 0 0% 0 0 62 0.03 0.01


0% 0 0 0% 0 0 71 0.04 0.01


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 124 0.06 0.02


0% 0 0 0% 0 0 149 0.06 0.03


0% 0 0 0% 0 0 169 0.05 0.03


0% 0 0 0% 0 0 229 0.04 0.03


0% 0 0 0% 0 0 263 0.04 0.03


0% 0 0 0% 0 0 311 0.05 0.04


0% 0 0 0% 0 0 396 0.05 0.04


0% 0 0 0% 0 0 478 0.03 0.01


0% 0 0 0% 0 0 658 0.03 0.02


0% 0 0 0% 0 0 826 0.04 0.02


0% 0 0 0% 0 0 1,059 0.05 0.03


0% 0 0 0% 0 0 1,094 0.05 0.03


0% 0 0 0% 0 0 1,015 0.04 0.03


0% 0 0 0% 0 0 1,312 0.06 0.04


0% 0 0 0% 0 0 1,596 0.06 0.05


0% 0 0 0% 0 0 2,585 0.10 0.08


0% 0 0 0% 0 0 3,531 0.13 0.11


0% 0 0 0% 0 0 3,977 0.15 0.12


0% 0 0 0% 0 0 5,225 0.19 0.16


0% 0 0 0% 0 0 5,716 0.22 0.18


0% 0 0 0% 0 0 6,666 0.24 0.20


0% 0 0 0% 0 0 6,383 0.22 0.18


0% 0 0 0% 0 0 5,949 0.19 0.17


0% 0 0 0% 0 0 5,093 0.15 0.14


0% 0 0 0% 0 0 6,446 0.18 0.18


0% 0 0 0% 0 0 7,811 0.20 0.21


0% 0 0 0% 0 0 8,237 0.19 0.21


0% 0 0 0% 0 0 8,610 0.18 0.21


0% 0 0 0% 0 0 9,101 0.16 0.20


0% 0 0 0% 0 0 8,604 0.16 0.18


0% 0 0 0% 0 0 8,664 0.16 0.17


0% 0 0 0% 0 0 8,726 0.17 0.16


0% 0 0 0% 0 0 8,611 0.17 0.15


0% 0 0 0% 0 0 7,472 0.15 0.12


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-58. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1991 100% 14,887 496,519 0% 0 0 0 0% 0 0


1992 100% 12,386 437,879 0% 0 0 0 0% 0 0


1993 100% 12,876 454,610 0% 0 0 0 0% 2 20


1994 100% 13,908 519,028 0% 0 0 0 0% 0 3


1995 100% 17,011 673,579 0% 0 0 0 0% 1 11


1996 100% 15,726 662,566 0% 0 0 0 0% 0 0


1997 100% 19,249 841,793 0% 0 0 0 0% 3 36


1998 100% 21,231 962,917 0% 0 0 0 0% 2 32


1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27


2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7


2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30


2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189


2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31


2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22


2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29


2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47


2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103


2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522


2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170


2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847


2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360


2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549


2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707


2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302


2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841


2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098


2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811


2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403


2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116


2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564


2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314


2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832


2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016


2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598


2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000


2026 65% 467,482 60,539,560 24% 174,121 4,405,065 11,267,062 11% 77,601 4,248,646


2027 57% 430,704 58,014,343 32% 241,564 6,361,596 16,239,550 11% 83,353 4,746,114


2028 49% 390,089 54,639,940 40% 315,883 8,654,239 22,052,020 11% 90,128 5,333,845


2029 41% 338,901 49,344,310 47% 392,155 11,172,708 28,417,556 12% 95,531 5,873,508


2030 32% 276,003 41,738,586 56% 483,490 14,312,319 36,344,465 12% 103,016 6,575,282


2031 24% 213,410 33,502,607 64% 569,594 17,509,546 44,395,455 12% 106,205 7,033,396


2032 18% 164,104 26,722,257 70% 638,697 20,369,220 51,588,926 12% 108,890 7,476,741


2033 12% 112,719 19,004,076 76% 714,415 23,588,087 59,723,539 12% 112,190 7,976,623


2034 6% 57,245 9,957,437 82% 782,879 26,661,420 67,539,241 12% 113,952 8,366,832


2035 0% 0 0 88% 762,430 26,697,090 67,700,364 12% 103,414 7,823,380
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Table A-58. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.02 0.008


0% 0 0 0% 0 0 36 0.02 0.007


0% 0 0 0% 0 0 37 0.02 0.007


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 55 0.03 0.01


0% 0 0 0% 0 0 54 0.04 0.01


0% 0 0 0% 0 0 69 0.04 0.01


0% 0 0 0% 0 0 79 0.03 0.01


0% 0 0 0% 0 0 84 0.03 0.01


0% 0 0 0% 0 0 109 0.02 0.01


0% 0 0 0% 0 0 116 0.02 0.01


0% 0 0 0% 0 0 129 0.02 0.02


0% 0 0 0% 0 0 153 0.02 0.02


0% 0 0 0% 0 0 172 0.01 0.006


0% 0 0 0% 0 0 222 0.01 0.007


0% 0 0 0% 0 0 265 0.01 0.008


0% 0 0 0% 0 0 323 0.02 0.01


0% 0 0 0% 0 0 322 0.02 0.01


0% 0 0 0% 0 0 293 0.01 0.010


0% 0 0 0% 0 0 381 0.02 0.01


0% 0 0 0% 0 0 475 0.02 0.02


0% 0 0 0% 0 0 804 0.04 0.03


0% 0 0 0% 0 0 1,164 0.05 0.04


0% 0 0 0% 0 0 1,409 0.06 0.05


0% 0 0 0% 0 0 1,991 0.08 0.07


0% 0 0 0% 0 0 2,353 0.11 0.08


0% 0 0 0% 0 0 2,931 0.12 0.10


0% 0 0 0% 0 0 3,022 0.12 0.10


0% 0 0 0% 0 0 2,984 0.11 0.10


0% 0 0 0% 0 0 2,726 0.10 0.09


0% 0 0 0% 0 0 3,621 0.12 0.12


0% 0 0 0% 0 0 4,642 0.14 0.15


0% 0 0 0% 0 0 5,064 0.14 0.16


0% 0 0 0% 0 0 5,543 0.14 0.16


0% 0 0 0% 0 0 5,997 0.13 0.17


0% 0 0 0% 0 0 5,879 0.13 0.15


0% 0 0 0% 0 0 6,079 0.14 0.15


0% 0 0 0% 0 0 6,279 0.15 0.15


0% 0 0 0% 0 0 6,367 0.15 0.14


0% 0 0 0% 0 0 6,393 0.16 0.13


0% 0 0 0% 0 0 6,378 0.16 0.13


0% 0 0 0% 0 0 6,412 0.17 0.12


0% 0 0 0% 0 0 6,446 0.17 0.12


0% 0 0 0% 0 0 6,345 0.18 0.11


0% 0 0 0% 0 0 5,543 0.16 0.09


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 
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Table A-59. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 65% 324,168 33,911,685 24% 120,741 2,456,781 6,362,489 11% 53,811 2,380,112


2027 57% 314,930 34,373,272 32% 176,632 3,753,160 9,695,864 11% 60,947 2,812,115


2028 49% 294,302 33,491,115 40% 238,318 5,284,446 13,620,346 11% 67,997 3,270,853


2029 41% 267,079 31,668,216 47% 309,047 7,146,500 18,379,446 12% 75,286 3,773,157


2030 32% 222,088 27,421,128 56% 389,045 9,375,775 24,063,052 12% 82,893 4,325,829


2031 24% 177,426 22,797,903 64% 473,551 11,886,096 30,446,929 12% 88,297 4,795,314


2032 18% 139,693 18,670,261 70% 543,686 14,206,290 36,318,127 12% 92,692 5,235,411


2033 12% 98,033 13,625,389 76% 621,338 16,890,765 43,101,880 12% 97,574 5,728,006


2034 6% 50,852 7,346,988 82% 695,450 19,661,005 50,078,899 12% 101,227 6,173,591


2035 0% 0 0 88% 778,027 22,854,249 58,117,967 12% 105,530 6,681,472


2036 0% 0 0 88% 801,381 24,445,808 62,069,943 12% 108,697 7,140,339


2037 0% 0 0 88% 820,727 25,973,021 65,874,884 12% 111,321 7,581,528


2038 0% 0 0 88% 844,334 27,659,635 70,132,899 12% 114,524 8,075,024


2039 0% 0 0 88% 856,007 28,915,842 73,357,488 12% 116,107 8,451,703


2040 0% 0 0 88% 775,172 26,912,195 68,349,021 12% 105,142 7,882,098


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-59. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


0% 0 0 0% 0 0 3,297 0.09 0.10


0% 0 0 0% 0 0 3,608 0.10 0.11


0% 0 0 0% 0 0 3,857 0.11 0.11


0% 0 0 0% 0 0 4,098 0.12 0.11


0% 0 0 0% 0 0 4,215 0.12 0.10


0% 0 0 0% 0 0 4,359 0.13 0.10


0% 0 0 0% 0 0 4,502 0.14 0.10


0% 0 0 0% 0 0 4,644 0.14 0.10


0% 0 0 0% 0 0 4,702 0.15 0.09


0% 0 0 0% 0 0 4,758 0.16 0.09


0% 0 0 0% 0 0 5,082 0.16 0.09


0% 0 0 0% 0 0 5,393 0.17 0.10


0% 0 0 0% 0 0 5,742 0.18 0.10


0% 0 0 0% 0 0 6,006 0.18 0.10


0% 0 0 0% 0 0 5,596 0.16 0.09


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-60. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2001 100% 17,581 492,838 0% 0 0 0 0% 1 13


2002 100% 17,396 519,815 0% 0 0 0 0% 7 79


2003 100% 18,261 584,063 0% 0 0 0 0% 1 12


2004 100% 17,485 620,429 0% 0 0 0 0% 1 8


2005 100% 19,931 744,101 0% 0 0 0 0% 1 11


2006 100% 20,294 810,536 0% 0 0 0 0% 1 13


2007 100% 21,610 895,705 0% 0 0 0 0% 2 26


2008 100% 17,913 797,202 0% 0 0 0 0% 8 112


2009 100% 14,142 635,358 0% 0 0 0 0% 2 35


2010 100% 16,923 735,246 0% 1 3 15 0% 9 147


2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691


2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322


2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105


2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437


2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810


2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787


2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457


2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466


2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601


2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669


2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288


2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660


2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226


2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755


2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822


2026 65% 167,925 13,913,800 24% 62,546 1,002,674 2,634,686 11% 27,875 979,732


2027 57% 173,839 15,087,722 32% 97,499 1,639,041 4,292,360 11% 33,642 1,237,162


2028 49% 174,181 15,820,703 40% 141,047 2,484,175 6,484,862 11% 40,244 1,547,489


2029 41% 166,713 15,834,899 47% 192,910 3,556,786 9,257,046 12% 46,994 1,888,561


2030 32% 147,252 14,612,516 56% 257,950 4,974,048 12,909,018 12% 54,961 2,306,853


2031 24% 123,062 12,750,639 64% 328,454 6,619,481 17,133,367 12% 61,243 2,683,184


2032 18% 102,163 11,044,387 70% 397,621 8,368,951 21,607,289 12% 67,790 3,098,236


2033 12% 73,974 8,338,115 76% 468,852 10,298,591 26,527,044 12% 73,628 3,508,235


2034 6% 40,081 4,707,395 82% 548,147 12,556,980 32,272,327 12% 79,786 3,960,912


2035 0% 0 0 88% 626,161 14,949,637 38,341,070 12% 84,931 4,390,345


2036 0% 0 0 88% 666,380 16,570,887 42,415,687 12% 90,386 4,862,426


2037 0% 0 0 88% 698,933 18,093,950 46,221,243 12% 94,802 5,304,019


2038 0% 0 0 88% 735,048 19,797,683 50,479,837 12% 99,700 5,797,554


2039 0% 0 0 88% 761,864 21,340,809 54,313,494 12% 103,338 6,242,847


2040 0% 0 0 88% 793,438 23,093,397 58,677,697 12% 107,620 6,749,460


2041 0% 0 0 88% 816,424 24,677,159 62,604,937 12% 110,738 7,205,621


2042 0% 0 0 88% 835,150 26,188,211 66,364,303 12% 113,278 7,641,631


2043 0% 0 0 88% 857,877 27,845,352 70,543,046 12% 116,360 8,126,069


2044 0% 0 0 88% 868,087 29,051,020 73,635,778 12% 117,745 8,487,539


2045 0% 0 0 88% 784,405 26,973,776 68,444,515 12% 106,395 7,896,358


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-60. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 40 0.01 0.006


0% 0 0 0% 0 0 43 0.01 0.006


0% 0 0 0% 0 0 48 0.01 0.006


0% 0 0 0% 0 0 51 0.005 0.002


0% 0 0 0% 0 0 61 0.005 0.002


0% 0 0 0% 0 0 66 0.005 0.002


0% 0 0 0% 0 0 73 0.005 0.003


0% 0 0 0% 0 0 65 0.005 0.003


0% 0 0 0% 0 0 52 0.003 0.002


0% 0 0 0% 0 0 60 0.004 0.003


0% 0 0 0% 0 0 66 0.004 0.003


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 131 0.008 0.006


0% 0 0 0% 0 0 145 0.009 0.006


0% 0 0 0% 0 0 193 0.01 0.008


0% 0 0 0% 0 0 222 0.01 0.009


0% 0 0 0% 0 0 275 0.02 0.01


0% 0 0 0% 0 0 290 0.02 0.01


0% 0 0 0% 0 0 303 0.02 0.01


0% 0 0 0% 0 0 301 0.01 0.01


0% 0 0 0% 0 0 443 0.02 0.02


0% 0 0 0% 0 0 634 0.03 0.03


0% 0 0 0% 0 0 789 0.03 0.03


0% 0 0 0% 0 0 982 0.03 0.04


0% 0 0 0% 0 0 1,217 0.04 0.04


0% 0 0 0% 0 0 1,355 0.04 0.05


0% 0 0 0% 0 0 1,587 0.05 0.05


0% 0 0 0% 0 0 1,826 0.06 0.06


0% 0 0 0% 0 0 2,054 0.07 0.06


0% 0 0 0% 0 0 2,253 0.08 0.06


0% 0 0 0% 0 0 2,447 0.09 0.07


0% 0 0 0% 0 0 2,673 0.10 0.07


0% 0 0 0% 0 0 2,854 0.11 0.07


0% 0 0 0% 0 0 3,028 0.11 0.07


0% 0 0 0% 0 0 3,139 0.12 0.06


0% 0 0 0% 0 0 3,473 0.13 0.07


0% 0 0 0% 0 0 3,784 0.14 0.07


0% 0 0 0% 0 0 4,133 0.15 0.08


0% 0 0 0% 0 0 4,447 0.15 0.08


0% 0 0 0% 0 0 4,804 0.16 0.09


0% 0 0 0% 0 0 5,126 0.17 0.09


0% 0 0 0% 0 0 5,433 0.17 0.10


0% 0 0 0% 0 0 5,776 0.18 0.10


0% 0 0 0% 0 0 6,029 0.18 0.10


0% 0 0 0% 0 0 5,604 0.16 0.10


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-61. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2006 100% 17,095 495,171 0% 0 0 0 0% 1 9


2007 100% 17,938 537,342 0% 0 0 0 0% 2 18


2008 100% 14,711 473,301 0% 0 0 0 0% 6 73


2009 100% 11,643 378,435 0% 0 0 0 0% 2 24


2010 100% 13,584 427,686 0% 0 2 9 0% 8 94


2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039


2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368


2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504


2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894


2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761


2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009


2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393


2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384


2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244


2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596


2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995


2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112


2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554


2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997


2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533


2026 65% 64,497 4,139,198 24% 24,023 296,043 795,196 11% 10,706 295,109


2027 57% 69,408 4,689,197 32% 38,928 505,776 1,351,812 11% 13,432 388,383


2028 49% 73,318 5,209,164 40% 59,371 812,427 2,161,469 11% 16,940 513,531


2029 41% 75,042 5,600,876 47% 86,834 1,250,068 3,311,433 12% 21,153 672,043


2030 32% 70,975 5,559,659 56% 124,331 1,881,108 4,963,106 12% 26,491 881,507


2031 24% 63,763 5,236,564 64% 170,183 2,703,072 7,105,273 12% 31,732 1,105,371


2032 18% 56,405 4,852,327 70% 219,530 3,656,882 9,579,853 12% 37,427 1,364,096


2033 12% 43,791 3,942,469 76% 277,548 4,844,114 12,649,212 12% 43,586 1,661,080


2034 6% 25,024 2,355,959 82% 342,228 6,253,137 16,279,177 12% 49,813 1,984,022


2035 0% 0 0 88% 415,252 7,935,655 20,600,419 12% 56,324 2,343,007


2036 0% 0 0 88% 462,305 9,233,976 23,906,101 12% 62,706 2,722,815


2037 0% 0 0 88% 511,255 10,665,010 27,541,275 12% 69,345 3,141,091


2038 0% 0 0 88% 554,750 12,077,399 31,115,059 12% 75,245 3,553,333


2039 0% 0 0 88% 600,583 13,636,644 35,053,579 12% 81,462 4,008,057


2040 0% 0 0 88% 638,683 15,114,332 38,770,069 12% 86,629 4,438,238


2041 0% 0 0 88% 679,027 16,737,200 42,848,155 12% 92,102 4,910,573


2042 0% 0 0 88% 711,536 18,259,200 46,650,176 12% 96,511 5,351,582


2043 0% 0 0 88% 747,596 19,960,328 50,901,391 12% 101,402 5,844,049


2044 0% 0 0 88% 774,140 21,496,670 54,716,951 12% 105,002 6,287,030


2045 0% 0 0 88% 805,424 23,239,836 59,056,434 12% 109,246 6,790,499


2046 0% 0 0 88% 827,953 24,810,504 62,949,469 12% 112,302 7,242,409


2047 0% 0 0 88% 845,960 26,299,555 66,652,019 12% 114,744 7,671,556


2048 0% 0 0 88% 867,698 27,921,700 70,740,561 12% 117,693 8,145,301


2049 0% 0 0 88% 876,432 29,075,425 73,699,707 12% 118,877 8,491,081


2050 0% 0 0 88% 790,255 26,934,839 68,345,548 12% 107,188 7,881,262


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-61. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 2a and 2b in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


2046


2047


2048


2049


2050


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.004 0.002


0% 0 0 0% 0 0 44 0.004 0.002


0% 0 0 0% 0 0 39 0.003 0.002


0% 0 0 0% 0 0 31 0.002 0.001


0% 0 0 0% 0 0 35 0.003 0.002


0% 0 0 0% 0 0 38 0.003 0.002


0% 0 0 0% 0 0 56 0.004 0.003


0% 0 0 0% 0 0 69 0.005 0.003


0% 0 0 0% 0 0 72 0.005 0.003


0% 0 0 0% 0 0 91 0.006 0.004


0% 0 0 0% 0 0 97 0.007 0.005


0% 0 0 0% 0 0 114 0.008 0.005


0% 0 0 0% 0 0 111 0.007 0.005


0% 0 0 0% 0 0 108 0.006 0.005


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 141 0.008 0.006


0% 0 0 0% 0 0 193 0.009 0.009


0% 0 0 0% 0 0 232 0.01 0.01


0% 0 0 0% 0 0 283 0.01 0.01


0% 0 0 0% 0 0 353 0.01 0.01


0% 0 0 0% 0 0 404 0.02 0.02


0% 0 0 0% 0 0 495 0.02 0.02


0% 0 0 0% 0 0 603 0.02 0.02


0% 0 0 0% 0 0 730 0.03 0.02


0% 0 0 0% 0 0 862 0.04 0.03


0% 0 0 0% 0 0 1,010 0.04 0.03


0% 0 0 0% 0 0 1,182 0.05 0.03


0% 0 0 0% 0 0 1,358 0.06 0.04


0% 0 0 0% 0 0 1,526 0.07 0.04


0% 0 0 0% 0 0 1,687 0.08 0.04


0% 0 0 0% 0 0 1,957 0.09 0.04


0% 0 0 0% 0 0 2,255 0.10 0.05


0% 0 0 0% 0 0 2,547 0.11 0.06


0% 0 0 0% 0 0 2,870 0.12 0.06


0% 0 0 0% 0 0 3,174 0.12 0.07


0% 0 0 0% 0 0 3,508 0.13 0.07


0% 0 0 0% 0 0 3,819 0.14 0.08


0% 0 0 0% 0 0 4,167 0.15 0.08


0% 0 0 0% 0 0 4,480 0.16 0.09


0% 0 0 0% 0 0 4,835 0.16 0.09


0% 0 0 0% 0 0 5,154 0.17 0.09


0% 0 0 0% 0 0 5,457 0.17 0.10


0% 0 0 0% 0 0 5,792 0.18 0.10


0% 0 0 0% 0 0 6,034 0.18 0.10


0% 0 0 0% 0 0 5,596 0.17 0.10


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-62. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 65% 540,131 97,639,769 4% 34,449 1,220,027 3,088,034 11% 89,660 6,866,855


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-62. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


0% 0 0 20% 166,731 21,378,386 9,997 0.14 0.17


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Page 2 of 2 Ramboll







Table A-63. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1986 100% 9,277 319,606 0% 0 0 0 0% 0 0


1987 100% 11,036 395,358 0% 0 0 0 0% 1 13


1988 100% 10,287 394,106 0% 0 0 0 0% 0 0


1989 100% 12,682 513,141 0% 0 0 0 0% 1 10


1990 100% 15,335 660,988 0% 0 0 0 0% 0 0


1991 100% 17,755 806,207 0% 0 0 0 0% 0 0


1992 100% 14,968 722,403 0% 0 0 0 0% 0 0


1993 100% 15,722 757,504 0% 0 0 0 0% 2 30


1994 100% 16,938 862,749 0% 0 0 0 0% 0 4


1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18


1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0


1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55


1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55


1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47


2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14


2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65


2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424


2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76


2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59


2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81


2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144


2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328


2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794


2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572


2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863


2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957


2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296


2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483


2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167


2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410


2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736


2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212


2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765


2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873


2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627


2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139


2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137


2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684


2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793


2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088


2026 65% 562,392 88,712,763 4% 35,869 1,108,113 2,804,580 11% 93,356 6,216,252


2027 57% 506,170 82,823,038 4% 36,682 1,175,675 2,972,420 11% 97,957 6,763,472


2028 49% 448,945 76,077,298 4% 37,500 1,244,657 3,146,136 11% 103,726 7,417,910


2029 41% 382,216 66,862,077 4% 37,726 1,292,471 3,268,769 12% 107,741 7,961,945


2030 32% 271,278 48,854,015 4% 33,914 1,195,950 3,027,919 12% 101,252 7,716,317


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-63. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 26 0.01 0.005


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 54 0.03 0.010


0% 0 0 0% 0 0 66 0.03 0.01


0% 0 0 0% 0 0 59 0.03 0.01


0% 0 0 0% 0 0 62 0.03 0.01


0% 0 0 0% 0 0 71 0.04 0.01


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 124 0.06 0.02


0% 0 0 0% 0 0 149 0.06 0.03


0% 0 0 0% 0 0 169 0.05 0.03


0% 0 0 0% 0 0 229 0.04 0.03


0% 0 0 0% 0 0 263 0.04 0.03


0% 0 0 0% 0 0 311 0.05 0.04


0% 0 0 0% 0 0 396 0.05 0.04


0% 0 0 0% 0 0 478 0.03 0.01


0% 0 0 0% 0 0 658 0.03 0.02


0% 0 0 0% 0 0 826 0.04 0.02


0% 0 0 0% 0 0 1,059 0.05 0.03


0% 0 0 0% 0 0 1,094 0.05 0.03


0% 0 0 0% 0 0 1,015 0.04 0.03


0% 0 0 0% 0 0 1,312 0.06 0.04


0% 0 0 0% 0 0 1,596 0.06 0.05


0% 0 0 0% 0 0 2,585 0.10 0.08


0% 0 0 0% 0 0 3,531 0.13 0.11


0% 0 0 0% 0 0 3,977 0.15 0.12


0% 0 0 0% 0 0 5,225 0.19 0.16


0% 0 0 0% 0 0 5,716 0.22 0.18


0% 0 0 0% 0 0 6,666 0.24 0.20


0% 0 0 0% 0 0 6,383 0.22 0.18


0% 0 0 0% 0 0 5,949 0.19 0.17


0% 0 0 0% 0 0 5,093 0.15 0.14


0% 0 0 0% 0 0 6,446 0.18 0.18


0% 0 0 0% 0 0 7,811 0.20 0.21


0% 0 0 0% 0 0 8,237 0.19 0.21


0% 0 0 0% 0 0 8,610 0.18 0.21


0% 0 0 0% 0 0 9,101 0.16 0.20


0% 0 0 20% 173,603 19,423,803 9,083 0.15 0.20


0% 0 0 28% 247,209 28,691,278 9,373 0.15 0.19


0% 0 0 36% 326,043 39,189,369 9,695 0.15 0.19


0% 0 0 43% 404,551 50,196,693 9,852 0.14 0.18


0% 0 0 52% 441,299 56,370,317 8,863 0.12 0.15


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-64. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1991 100% 14,887 496,519 0% 0 0 0 0% 0 0


1992 100% 12,386 437,879 0% 0 0 0 0% 0 0


1993 100% 12,876 454,610 0% 0 0 0 0% 2 20


1994 100% 13,908 519,028 0% 0 0 0 0% 0 3


1995 100% 17,011 673,579 0% 0 0 0 0% 1 11


1996 100% 15,726 662,566 0% 0 0 0 0% 0 0


1997 100% 19,249 841,793 0% 0 0 0 0% 3 36


1998 100% 21,231 962,917 0% 0 0 0 0% 2 32


1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27


2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7


2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30


2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189


2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31


2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22


2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29


2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47


2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103


2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522


2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170


2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847


2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360


2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549


2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707


2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302


2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841


2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098


2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811


2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403


2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116


2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564


2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314


2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832


2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016


2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598


2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000


2026 65% 467,482 60,539,560 4% 29,815 754,625 1,930,143 11% 77,601 4,248,646


2027 57% 430,704 58,014,343 4% 31,213 822,291 2,099,102 11% 83,353 4,746,114


2028 49% 390,089 54,639,940 4% 32,584 892,959 2,275,365 11% 90,128 5,333,845


2029 41% 338,901 49,344,310 4% 33,451 953,218 2,424,492 12% 95,531 5,873,508


2030 32% 276,003 41,738,586 4% 34,505 1,021,517 2,594,022 12% 103,016 6,575,282


2031 24% 213,410 33,502,607 4% 35,573 1,093,525 2,772,634 12% 106,205 7,033,396


2032 18% 164,104 26,722,257 4% 36,472 1,163,085 2,945,735 12% 108,890 7,476,741


2033 12% 112,719 19,004,076 4% 37,578 1,240,654 3,141,258 12% 112,190 7,976,623


2034 6% 57,245 9,957,437 4% 38,168 1,299,952 3,293,065 12% 113,952 8,366,832


2035 0% 0 0 4% 34,638 1,213,298 3,076,767 12% 103,414 7,823,380


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-64. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.02 0.008


0% 0 0 0% 0 0 36 0.02 0.007


0% 0 0 0% 0 0 37 0.02 0.007


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 55 0.03 0.01


0% 0 0 0% 0 0 54 0.04 0.01


0% 0 0 0% 0 0 69 0.04 0.01


0% 0 0 0% 0 0 79 0.03 0.01


0% 0 0 0% 0 0 84 0.03 0.01


0% 0 0 0% 0 0 109 0.02 0.01


0% 0 0 0% 0 0 116 0.02 0.01


0% 0 0 0% 0 0 129 0.02 0.02


0% 0 0 0% 0 0 153 0.02 0.02


0% 0 0 0% 0 0 172 0.01 0.006


0% 0 0 0% 0 0 222 0.01 0.007


0% 0 0 0% 0 0 265 0.01 0.008


0% 0 0 0% 0 0 323 0.02 0.01


0% 0 0 0% 0 0 322 0.02 0.01


0% 0 0 0% 0 0 293 0.01 0.010


0% 0 0 0% 0 0 381 0.02 0.01


0% 0 0 0% 0 0 475 0.02 0.02


0% 0 0 0% 0 0 804 0.04 0.03


0% 0 0 0% 0 0 1,164 0.05 0.04


0% 0 0 0% 0 0 1,409 0.06 0.05


0% 0 0 0% 0 0 1,991 0.08 0.07


0% 0 0 0% 0 0 2,353 0.11 0.08


0% 0 0 0% 0 0 2,931 0.12 0.10


0% 0 0 0% 0 0 3,022 0.12 0.10


0% 0 0 0% 0 0 2,984 0.11 0.10


0% 0 0 0% 0 0 2,726 0.10 0.09


0% 0 0 0% 0 0 3,621 0.12 0.12


0% 0 0 0% 0 0 4,642 0.14 0.15


0% 0 0 0% 0 0 5,064 0.14 0.16


0% 0 0 0% 0 0 5,543 0.14 0.16


0% 0 0 0% 0 0 5,997 0.13 0.17


0% 0 0 20% 144,305 13,255,235 6,200 0.13 0.17


0% 0 0 28% 210,352 20,097,133 6,567 0.13 0.17


0% 0 0 36% 283,299 28,146,436 6,964 0.13 0.17


0% 0 0 43% 358,704 37,045,232 7,271 0.13 0.17


0% 0 0 52% 448,985 48,160,163 7,573 0.13 0.17


0% 0 0 60% 534,022 59,463,907 7,838 0.13 0.17


0% 0 0 66% 602,224 69,557,302 8,124 0.13 0.17


0% 0 0 72% 676,837 80,940,453 8,440 0.13 0.16


0% 0 0 78% 744,711 91,882,472 8,607 0.12 0.15


0% 0 0 84% 727,792 92,364,300 7,814 0.11 0.13


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-65. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 65% 324,168 33,911,685 4% 20,675 421,047 1,090,413 11% 53,811 2,380,112


2027 57% 314,930 34,373,272 4% 22,823 485,341 1,253,824 11% 60,947 2,812,115


2028 49% 294,302 33,491,115 4% 24,583 545,508 1,406,015 11% 67,997 3,270,853


2029 41% 267,079 31,668,216 4% 26,362 610,009 1,568,829 12% 75,286 3,773,157


2030 32% 222,088 27,421,128 4% 27,764 669,514 1,718,317 12% 82,893 4,325,829


2031 24% 177,426 22,797,903 4% 29,575 742,704 1,902,479 12% 88,297 4,795,314


2032 18% 139,693 18,670,261 4% 31,047 811,564 2,074,749 12% 92,692 5,235,411


2033 12% 98,033 13,625,389 4% 32,682 888,696 2,267,776 12% 97,574 5,728,006


2034 6% 50,852 7,346,988 4% 33,905 958,694 2,441,908 12% 101,227 6,173,591


2035 0% 0 0 4% 35,347 1,038,360 2,640,531 12% 105,530 6,681,472


2036 0% 0 0 4% 36,408 1,110,551 2,819,782 12% 108,697 7,140,339


2037 0% 0 0 4% 37,287 1,179,840 2,992,407 12% 111,321 7,581,528


2038 0% 0 0 4% 38,359 1,256,478 3,185,885 12% 114,524 8,075,024


2039 0% 0 0 4% 38,889 1,313,727 3,332,835 12% 116,107 8,451,703


2040 0% 0 0 4% 35,217 1,222,994 3,106,042 12% 105,142 7,882,098


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-65. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


0% 0 0 20% 100,066 7,425,018 3,474 0.08 0.11


0% 0 0 28% 153,809 11,907,473 3,892 0.09 0.12


0% 0 0 36% 213,735 17,252,133 4,270 0.10 0.13


0% 0 0 43% 282,685 23,774,908 4,668 0.10 0.14


0% 0 0 52% 361,281 31,639,931 4,976 0.10 0.14


0% 0 0 60% 443,977 40,464,086 5,335 0.11 0.14


0% 0 0 66% 512,639 48,598,179 5,677 0.11 0.15


0% 0 0 72% 588,656 58,032,030 6,052 0.11 0.15


0% 0 0 78% 661,545 67,794,501 6,352 0.12 0.15


0% 0 0 84% 742,681 79,050,161 6,688 0.12 0.15


0% 0 0 84% 764,974 84,525,424 7,151 0.12 0.15


0% 0 0 84% 783,440 89,789,302 7,596 0.12 0.16


0% 0 0 84% 805,975 95,630,079 8,090 0.12 0.16


0% 0 0 84% 817,118 100,006,428 8,461 0.12 0.15


0% 0 0 84% 739,955 93,122,741 7,878 0.11 0.13


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-66. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2001 100% 17,581 492,838 0% 0 0 0 0% 1 13


2002 100% 17,396 519,815 0% 0 0 0 0% 7 79


2003 100% 18,261 584,063 0% 0 0 0 0% 1 12


2004 100% 17,485 620,429 0% 0 0 0 0% 1 8


2005 100% 19,931 744,101 0% 0 0 0 0% 1 11


2006 100% 20,294 810,536 0% 0 0 0 0% 1 13


2007 100% 21,610 895,705 0% 0 0 0 0% 2 26


2008 100% 17,913 797,202 0% 0 0 0 0% 8 112


2009 100% 14,142 635,358 0% 0 0 0 0% 2 35


2010 100% 16,923 735,246 0% 1 3 15 0% 9 147


2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691


2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322


2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105


2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437


2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810


2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787


2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457


2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466


2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601


2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669


2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288


2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660


2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226


2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755


2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822


2026 65% 167,925 13,913,800 4% 10,710 171,981 451,908 11% 27,875 979,732


2027 57% 173,839 15,087,722 4% 12,598 212,114 555,489 11% 33,642 1,237,162


2028 49% 174,181 15,820,703 4% 14,549 256,617 669,890 11% 40,244 1,547,489


2029 41% 166,713 15,834,899 4% 16,455 303,793 790,664 12% 46,994 1,888,561


2030 32% 147,252 14,612,516 4% 18,409 355,407 922,379 12% 54,961 2,306,853


2031 24% 123,062 12,750,639 4% 20,513 413,850 1,071,177 12% 61,243 2,683,184


2032 18% 102,163 11,044,387 4% 22,706 478,352 1,235,027 12% 67,790 3,098,236


2033 12% 73,974 8,338,115 4% 24,661 542,144 1,396,451 12% 73,628 3,508,235


2034 6% 40,081 4,707,395 4% 26,724 612,627 1,574,494 12% 79,786 3,960,912


2035 0% 0 0 4% 28,447 679,589 1,742,931 12% 84,931 4,390,345


2036 0% 0 0 4% 30,274 753,214 1,927,965 12% 90,386 4,862,426


2037 0% 0 0 4% 31,753 822,345 2,100,691 12% 94,802 5,304,019


2038 0% 0 0 4% 33,394 899,667 2,293,959 12% 99,700 5,797,554


2039 0% 0 0 4% 34,612 969,669 2,467,860 12% 103,338 6,242,847


2040 0% 0 0 4% 36,047 1,049,189 2,665,871 12% 107,620 6,749,460


2041 0% 0 0 4% 37,091 1,121,019 2,843,979 12% 110,738 7,205,621


2042 0% 0 0 4% 37,942 1,189,565 3,014,512 12% 113,278 7,641,631


2043 0% 0 0 4% 38,974 1,264,855 3,204,367 12% 116,360 8,126,069


2044 0% 0 0 4% 39,438 1,319,800 3,345,305 12% 117,745 8,487,539


2045 0% 0 0 4% 35,636 1,225,722 3,110,204 12% 106,395 7,896,358


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-66. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 40 0.01 0.006


0% 0 0 0% 0 0 43 0.01 0.006


0% 0 0 0% 0 0 48 0.01 0.006


0% 0 0 0% 0 0 51 0.005 0.002


0% 0 0 0% 0 0 61 0.005 0.002


0% 0 0 0% 0 0 66 0.005 0.002


0% 0 0 0% 0 0 73 0.005 0.003


0% 0 0 0% 0 0 65 0.005 0.003


0% 0 0 0% 0 0 52 0.003 0.002


0% 0 0 0% 0 0 60 0.004 0.003


0% 0 0 0% 0 0 66 0.004 0.003


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 131 0.008 0.006


0% 0 0 0% 0 0 145 0.009 0.006


0% 0 0 0% 0 0 193 0.01 0.008


0% 0 0 0% 0 0 222 0.01 0.009


0% 0 0 0% 0 0 275 0.02 0.01


0% 0 0 0% 0 0 290 0.02 0.01


0% 0 0 0% 0 0 303 0.02 0.01


0% 0 0 0% 0 0 301 0.01 0.01


0% 0 0 0% 0 0 443 0.02 0.02


0% 0 0 0% 0 0 634 0.03 0.03


0% 0 0 0% 0 0 789 0.03 0.03


0% 0 0 0% 0 0 982 0.03 0.04


0% 0 0 0% 0 0 1,217 0.04 0.04


0% 0 0 20% 51,836 3,046,449 1,426 0.04 0.05


0% 0 0 28% 84,901 5,226,638 1,709 0.05 0.06


0% 0 0 36% 126,498 8,149,650 2,017 0.05 0.07


0% 0 0 43% 176,455 11,888,048 2,334 0.06 0.08


0% 0 0 52% 239,541 16,860,685 2,652 0.07 0.09


0% 0 0 60% 307,941 22,631,158 2,984 0.07 0.10


0% 0 0 66% 374,915 28,748,236 3,359 0.08 0.10


0% 0 0 72% 444,190 35,512,951 3,705 0.08 0.11


0% 0 0 78% 521,423 43,437,595 4,071 0.09 0.12


0% 0 0 84% 597,713 51,850,819 4,388 0.09 0.12


0% 0 0 84% 636,105 57,427,010 4,860 0.10 0.13


0% 0 0 84% 667,180 62,652,109 5,301 0.10 0.14


0% 0 0 84% 701,654 68,520,696 5,798 0.11 0.15


0% 0 0 84% 727,252 73,828,753 6,247 0.11 0.15


0% 0 0 84% 757,391 79,860,798 6,757 0.12 0.15


0% 0 0 84% 779,333 85,307,396 7,217 0.12 0.16


0% 0 0 84% 797,208 90,513,974 7,657 0.12 0.16


0% 0 0 84% 818,902 96,251,657 8,143 0.12 0.16


0% 0 0 84% 828,649 100,452,456 8,498 0.12 0.15


0% 0 0 84% 748,769 93,316,127 7,895 0.11 0.13


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-67. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2006 100% 17,095 495,171 0% 0 0 0 0% 1 9


2007 100% 17,938 537,342 0% 0 0 0 0% 2 18


2008 100% 14,711 473,301 0% 0 0 0 0% 6 73


2009 100% 11,643 378,435 0% 0 0 0 0% 2 24


2010 100% 13,584 427,686 0% 0 2 9 0% 8 94


2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039


2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368


2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504


2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894


2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761


2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009


2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393


2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384


2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244


2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596


2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995


2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112


2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554


2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997


2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533


2026 65% 64,497 4,139,198 4% 4,114 50,877 136,660 11% 10,706 295,109


2027 57% 69,408 4,689,197 4% 5,030 65,571 175,255 11% 13,432 388,383


2028 49% 73,318 5,209,164 4% 6,124 84,058 223,637 11% 16,940 513,531


2029 41% 75,042 5,600,876 4% 7,407 106,921 283,234 12% 21,153 672,043


2030 32% 70,975 5,559,659 4% 8,873 134,574 355,060 12% 26,491 881,507


2031 24% 63,763 5,236,564 4% 10,628 169,173 444,687 12% 31,732 1,105,371


2032 18% 56,405 4,852,327 4% 12,536 209,209 548,060 12% 37,427 1,364,096


2033 12% 43,791 3,942,469 4% 14,599 255,208 666,413 12% 43,586 1,661,080


2034 6% 25,024 2,355,959 4% 16,685 305,290 794,782 12% 49,813 1,984,022


2035 0% 0 0 4% 18,865 360,976 937,068 12% 56,324 2,343,007


2036 0% 0 0 4% 21,003 419,968 1,087,267 12% 62,706 2,722,815


2037 0% 0 0 4% 23,227 484,984 1,252,421 12% 69,345 3,141,091


2038 0% 0 0 4% 25,203 549,142 1,414,757 12% 75,245 3,553,333


2039 0% 0 0 4% 27,285 619,964 1,593,644 12% 81,462 4,008,057


2040 0% 0 0 4% 29,016 687,067 1,762,410 12% 86,629 4,438,238


2041 0% 0 0 4% 30,849 760,761 1,947,591 12% 92,102 4,910,573


2042 0% 0 0 4% 32,326 829,839 2,120,143 12% 96,511 5,351,582


2043 0% 0 0 4% 33,964 907,037 2,313,062 12% 101,402 5,844,049


2044 0% 0 0 4% 35,170 976,725 2,486,125 12% 105,002 6,287,030


2045 0% 0 0 4% 36,591 1,055,810 2,682,995 12% 109,246 6,790,499


2046 0% 0 0 4% 37,615 1,127,036 2,859,529 12% 112,302 7,242,409


2047 0% 0 0 4% 38,433 1,194,575 3,027,460 12% 114,744 7,671,556


2048 0% 0 0 4% 39,420 1,268,267 3,213,196 12% 117,693 8,145,301


2049 0% 0 0 4% 39,817 1,320,843 3,348,041 12% 118,877 8,491,081


2050 0% 0 0 4% 35,902 1,223,884 3,105,533 12% 107,188 7,881,262


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Page 1 of 2 Ramboll







Table A-67. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 2c in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


2046


2047


2048


2049


2050


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.004 0.002


0% 0 0 0% 0 0 44 0.004 0.002


0% 0 0 0% 0 0 39 0.003 0.002


0% 0 0 0% 0 0 31 0.002 0.001


0% 0 0 0% 0 0 35 0.003 0.002


0% 0 0 0% 0 0 38 0.003 0.002


0% 0 0 0% 0 0 56 0.004 0.003


0% 0 0 0% 0 0 69 0.005 0.003


0% 0 0 0% 0 0 72 0.005 0.003


0% 0 0 0% 0 0 91 0.006 0.004


0% 0 0 0% 0 0 97 0.007 0.005


0% 0 0 0% 0 0 114 0.008 0.005


0% 0 0 0% 0 0 111 0.007 0.005


0% 0 0 0% 0 0 108 0.006 0.005


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 141 0.008 0.006


0% 0 0 0% 0 0 193 0.009 0.009


0% 0 0 0% 0 0 232 0.01 0.01


0% 0 0 0% 0 0 283 0.01 0.01


0% 0 0 0% 0 0 353 0.01 0.01


0% 0 0 20% 19,909 906,284 424 0.01 0.02


0% 0 0 28% 33,898 1,624,416 531 0.02 0.02


0% 0 0 36% 53,247 2,683,374 664 0.02 0.03


0% 0 0 43% 79,427 4,204,857 826 0.02 0.03


0% 0 0 52% 115,458 6,415,025 1,009 0.03 0.04


0% 0 0 60% 159,555 9,294,397 1,226 0.03 0.04


0% 0 0 66% 206,994 12,630,474 1,476 0.04 0.05


0% 0 0 72% 262,949 16,791,411 1,752 0.05 0.06


0% 0 0 78% 325,544 21,739,666 2,038 0.05 0.07


0% 0 0 84% 396,387 27,656,145 2,341 0.06 0.08


0% 0 0 84% 441,302 32,148,214 2,721 0.07 0.09


0% 0 0 84% 488,028 37,094,470 3,140 0.07 0.10


0% 0 0 84% 529,547 41,967,649 3,552 0.08 0.11


0% 0 0 84% 573,298 47,343,063 4,007 0.09 0.12


0% 0 0 84% 609,667 52,428,177 4,437 0.09 0.13


0% 0 0 84% 648,178 58,009,853 4,909 0.10 0.13


0% 0 0 84% 679,210 63,231,075 5,350 0.11 0.14


0% 0 0 84% 713,632 69,090,797 5,846 0.11 0.15


0% 0 0 84% 738,970 74,375,479 6,293 0.12 0.15


0% 0 0 84% 768,833 80,375,114 6,800 0.12 0.16


0% 0 0 84% 790,339 85,776,520 7,257 0.12 0.16


0% 0 0 84% 807,527 90,907,152 7,691 0.12 0.16


0% 0 0 84% 828,277 96,523,942 8,166 0.13 0.16


0% 0 0 84% 836,615 100,544,967 8,506 0.12 0.15


0% 0 0 84% 754,352 93,188,539 7,884 0.11 0.13


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-68. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 85% 706,862 127,779,786 4% 34,449 1,220,027 3,088,034 11% 89,660 6,866,855


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-68. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


0% 0 0 0% 0 0 10,714 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-69. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1986 100% 9,277 319,606 0% 0 0 0 0% 0 0


1987 100% 11,036 395,358 0% 0 0 0 0% 1 13


1988 100% 10,287 394,106 0% 0 0 0 0% 0 0


1989 100% 12,682 513,141 0% 0 0 0 0% 1 10


1990 100% 15,335 660,988 0% 0 0 0 0% 0 0


1991 100% 17,755 806,207 0% 0 0 0 0% 0 0


1992 100% 14,968 722,403 0% 0 0 0 0% 0 0


1993 100% 15,722 757,504 0% 0 0 0 0% 2 30


1994 100% 16,938 862,749 0% 0 0 0 0% 0 4


1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18


1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0


1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55


1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55


1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47


2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14


2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65


2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424


2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76


2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59


2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81


2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144


2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328


2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794


2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572


2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863


2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957


2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296


2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483


2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167


2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410


2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736


2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212


2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765


2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873


2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627


2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139


2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137


2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684


2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793


2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088


2026 85% 735,995 116,097,140 4% 35,869 1,108,113 2,804,580 11% 93,356 6,216,252


2027 85% 753,379 123,273,035 4% 36,682 1,175,675 2,972,420 11% 97,957 6,763,472


2028 85% 774,987 131,327,881 4% 37,500 1,244,657 3,146,136 11% 103,726 7,417,910


2029 84% 786,767 137,631,182 4% 37,726 1,292,471 3,268,769 12% 107,741 7,961,945


2030 84% 712,577 128,326,917 4% 33,914 1,195,950 3,027,919 12% 101,252 7,716,317


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-69. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 26 0.01 0.005


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 54 0.03 0.010


0% 0 0 0% 0 0 66 0.03 0.01


0% 0 0 0% 0 0 59 0.03 0.01


0% 0 0 0% 0 0 62 0.03 0.01


0% 0 0 0% 0 0 71 0.04 0.01


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 124 0.06 0.02


0% 0 0 0% 0 0 149 0.06 0.03


0% 0 0 0% 0 0 169 0.05 0.03


0% 0 0 0% 0 0 229 0.04 0.03


0% 0 0 0% 0 0 263 0.04 0.03


0% 0 0 0% 0 0 311 0.05 0.04


0% 0 0 0% 0 0 396 0.05 0.04


0% 0 0 0% 0 0 478 0.03 0.01


0% 0 0 0% 0 0 658 0.03 0.02


0% 0 0 0% 0 0 826 0.04 0.02


0% 0 0 0% 0 0 1,059 0.05 0.03


0% 0 0 0% 0 0 1,094 0.05 0.03


0% 0 0 0% 0 0 1,015 0.04 0.03


0% 0 0 0% 0 0 1,312 0.06 0.04


0% 0 0 0% 0 0 1,596 0.06 0.05


0% 0 0 0% 0 0 2,585 0.10 0.08


0% 0 0 0% 0 0 3,531 0.13 0.11


0% 0 0 0% 0 0 3,977 0.15 0.12


0% 0 0 0% 0 0 5,225 0.19 0.16


0% 0 0 0% 0 0 5,716 0.22 0.18


0% 0 0 0% 0 0 6,666 0.24 0.20


0% 0 0 0% 0 0 6,383 0.22 0.18


0% 0 0 0% 0 0 5,949 0.19 0.17


0% 0 0 0% 0 0 5,093 0.15 0.14


0% 0 0 0% 0 0 6,446 0.18 0.18


0% 0 0 0% 0 0 7,811 0.20 0.21


0% 0 0 0% 0 0 8,237 0.19 0.21


0% 0 0 0% 0 0 8,610 0.18 0.21


0% 0 0 0% 0 0 9,101 0.16 0.20


0% 0 0 0% 0 0 9,735 0.16 0.21


0% 0 0 0% 0 0 10,336 0.16 0.21


0% 0 0 0% 0 0 11,010 0.16 0.21


0% 0 0 0% 0 0 11,536 0.16 0.21


0% 0 0 0% 0 0 10,754 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-70. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1991 100% 14,887 496,519 0% 0 0 0 0% 0 0


1992 100% 12,386 437,879 0% 0 0 0 0% 0 0


1993 100% 12,876 454,610 0% 0 0 0 0% 2 20


1994 100% 13,908 519,028 0% 0 0 0 0% 0 3


1995 100% 17,011 673,579 0% 0 0 0 0% 1 11


1996 100% 15,726 662,566 0% 0 0 0 0% 0 0


1997 100% 19,249 841,793 0% 0 0 0 0% 3 36


1998 100% 21,231 962,917 0% 0 0 0 0% 2 32


1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27


2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7


2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30


2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189


2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31


2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22


2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29


2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47


2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103


2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522


2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170


2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847


2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360


2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549


2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707


2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302


2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841


2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098


2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811


2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403


2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116


2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564


2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314


2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832


2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016


2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598


2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000


2026 85% 611,788 79,227,267 4% 29,815 754,625 1,930,143 11% 77,601 4,248,646


2027 85% 641,056 86,348,005 4% 31,213 822,291 2,099,102 11% 83,353 4,746,114


2028 85% 673,388 94,321,799 4% 32,584 892,959 2,275,365 11% 90,128 5,333,845


2029 84% 697,604 101,572,012 4% 33,451 953,218 2,424,492 12% 95,531 5,873,508


2030 84% 724,988 109,636,518 4% 34,505 1,021,517 2,594,022 12% 103,016 6,575,282


2031 84% 747,432 117,336,964 4% 35,573 1,093,525 2,772,634 12% 106,205 7,033,396


2032 84% 766,329 124,786,645 4% 36,472 1,163,085 2,945,735 12% 108,890 7,476,741


2033 84% 789,556 133,116,841 4% 37,578 1,240,654 3,141,258 12% 112,190 7,976,623


2034 84% 801,955 139,496,654 4% 38,168 1,299,952 3,293,065 12% 113,952 8,366,832


2035 84% 727,792 130,218,515 4% 34,638 1,213,298 3,076,767 12% 103,414 7,823,380


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-70. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.02 0.008


0% 0 0 0% 0 0 36 0.02 0.007


0% 0 0 0% 0 0 37 0.02 0.007


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 55 0.03 0.01


0% 0 0 0% 0 0 54 0.04 0.01


0% 0 0 0% 0 0 69 0.04 0.01


0% 0 0 0% 0 0 79 0.03 0.01


0% 0 0 0% 0 0 84 0.03 0.01


0% 0 0 0% 0 0 109 0.02 0.01


0% 0 0 0% 0 0 116 0.02 0.01


0% 0 0 0% 0 0 129 0.02 0.02


0% 0 0 0% 0 0 153 0.02 0.02


0% 0 0 0% 0 0 172 0.01 0.006


0% 0 0 0% 0 0 222 0.01 0.007


0% 0 0 0% 0 0 265 0.01 0.008


0% 0 0 0% 0 0 323 0.02 0.01


0% 0 0 0% 0 0 322 0.02 0.01


0% 0 0 0% 0 0 293 0.01 0.010


0% 0 0 0% 0 0 381 0.02 0.01


0% 0 0 0% 0 0 475 0.02 0.02


0% 0 0 0% 0 0 804 0.04 0.03


0% 0 0 0% 0 0 1,164 0.05 0.04


0% 0 0 0% 0 0 1,409 0.06 0.05


0% 0 0 0% 0 0 1,991 0.08 0.07


0% 0 0 0% 0 0 2,353 0.11 0.08


0% 0 0 0% 0 0 2,931 0.12 0.10


0% 0 0 0% 0 0 3,022 0.12 0.10


0% 0 0 0% 0 0 2,984 0.11 0.10


0% 0 0 0% 0 0 2,726 0.10 0.09


0% 0 0 0% 0 0 3,621 0.12 0.12


0% 0 0 0% 0 0 4,642 0.14 0.15


0% 0 0 0% 0 0 5,064 0.14 0.16


0% 0 0 0% 0 0 5,543 0.14 0.16


0% 0 0 0% 0 0 5,997 0.13 0.17


0% 0 0 0% 0 0 6,645 0.14 0.18


0% 0 0 0% 0 0 7,241 0.14 0.19


0% 0 0 0% 0 0 7,909 0.15 0.20


0% 0 0 0% 0 0 8,514 0.15 0.20


0% 0 0 0% 0 0 9,189 0.16 0.21


0% 0 0 0% 0 0 9,834 0.16 0.21


0% 0 0 0% 0 0 10,458 0.16 0.21


0% 0 0 0% 0 0 11,156 0.17 0.21


0% 0 0 0% 0 0 11,691 0.17 0.21


0% 0 0 0% 0 0 10,913 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-71. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 85% 424,233 44,379,743 4% 20,675 421,047 1,090,413 11% 53,811 2,380,112


2027 85% 468,739 51,160,857 4% 22,823 485,341 1,253,824 11% 60,947 2,812,115


2028 85% 508,037 57,813,793 4% 24,583 545,508 1,406,015 11% 67,997 3,270,853


2029 84% 549,764 65,186,938 4% 26,362 610,009 1,568,829 12% 75,286 3,773,157


2030 84% 583,369 72,028,242 4% 27,764 669,514 1,718,317 12% 82,893 4,325,829


2031 84% 621,402 79,845,628 4% 29,575 742,704 1,902,479 12% 88,297 4,795,314


2032 84% 652,332 87,185,723 4% 31,047 811,564 2,074,749 12% 92,692 5,235,411


2033 84% 686,690 95,441,034 4% 32,682 888,696 2,267,776 12% 97,574 5,728,006


2034 84% 712,396 102,926,116 4% 33,905 958,694 2,441,908 12% 101,227 6,173,591


2035 84% 742,681 111,447,763 4% 35,347 1,038,360 2,640,531 12% 105,530 6,681,472


2036 84% 764,974 119,166,985 4% 36,408 1,110,551 2,819,782 12% 108,697 7,140,339


2037 84% 783,440 126,588,190 4% 37,287 1,179,840 2,992,407 12% 111,321 7,581,528


2038 84% 805,975 134,822,728 4% 38,359 1,256,478 3,185,885 12% 114,524 8,075,024


2039 84% 817,118 140,992,663 4% 38,889 1,313,727 3,332,835 12% 116,107 8,451,703


2040 84% 739,955 131,287,793 4% 35,217 1,222,994 3,106,042 12% 105,142 7,882,098


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-71. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


0% 0 0 0% 0 0 3,723 0.09 0.12


0% 0 0 0% 0 0 4,291 0.10 0.13


0% 0 0 0% 0 0 4,848 0.11 0.15


0% 0 0 0% 0 0 5,465 0.12 0.16


0% 0 0 0% 0 0 6,038 0.13 0.17


0% 0 0 0% 0 0 6,693 0.14 0.18


0% 0 0 0% 0 0 7,308 0.14 0.19


0% 0 0 0% 0 0 8,000 0.15 0.20


0% 0 0 0% 0 0 8,627 0.16 0.21


0% 0 0 0% 0 0 9,341 0.16 0.21


0% 0 0 0% 0 0 9,987 0.16 0.22


0% 0 0 0% 0 0 10,609 0.17 0.22


0% 0 0 0% 0 0 11,299 0.17 0.22


0% 0 0 0% 0 0 11,816 0.17 0.21


0% 0 0 0% 0 0 11,003 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-72. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2001 100% 17,581 492,838 0% 0 0 0 0% 1 13


2002 100% 17,396 519,815 0% 0 0 0 0% 7 79


2003 100% 18,261 584,063 0% 0 0 0 0% 1 12


2004 100% 17,485 620,429 0% 0 0 0 0% 1 8


2005 100% 19,931 744,101 0% 0 0 0 0% 1 11


2006 100% 20,294 810,536 0% 0 0 0 0% 1 13


2007 100% 21,610 895,705 0% 0 0 0 0% 2 26


2008 100% 17,913 797,202 0% 0 0 0 0% 8 112


2009 100% 14,142 635,358 0% 0 0 0 0% 2 35


2010 100% 16,923 735,246 0% 1 3 15 0% 9 147


2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691


2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322


2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105


2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437


2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810


2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787


2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457


2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466


2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601


2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669


2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288


2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660


2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226


2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755


2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822


2026 85% 219,761 18,208,793 4% 10,710 171,981 451,908 11% 27,875 979,732


2027 85% 258,741 22,456,424 4% 12,598 212,114 555,489 11% 33,642 1,237,162


2028 85% 300,679 27,310,373 4% 14,549 256,617 669,890 11% 40,244 1,547,489


2029 84% 343,168 32,595,097 4% 16,455 303,793 790,664 12% 46,994 1,888,561


2030 84% 386,794 38,383,317 4% 18,409 355,407 922,379 12% 54,961 2,306,853


2031 84% 431,003 44,656,861 4% 20,513 413,850 1,071,177 12% 61,243 2,683,184


2032 84% 477,078 51,574,684 4% 22,706 478,352 1,235,027 12% 67,790 3,098,236


2033 84% 518,165 58,405,552 4% 24,661 542,144 1,396,451 12% 73,628 3,508,235


2034 84% 561,504 65,947,281 4% 26,724 612,627 1,574,494 12% 79,786 3,960,912


2035 84% 597,713 73,101,152 4% 28,447 679,589 1,742,931 12% 84,931 4,390,345


2036 84% 636,105 80,962,667 4% 30,274 753,214 1,927,965 12% 90,386 4,862,426


2037 84% 667,180 88,329,199 4% 31,753 822,345 2,100,691 12% 94,802 5,304,019


2038 84% 701,654 96,602,944 4% 33,394 899,667 2,293,959 12% 99,700 5,797,554


2039 84% 727,252 104,086,433 4% 34,612 969,669 2,467,860 12% 103,338 6,242,847


2040 84% 757,391 112,590,629 4% 36,047 1,049,189 2,665,871 12% 107,620 6,749,460


2041 84% 779,333 120,269,438 4% 37,091 1,121,019 2,843,979 12% 110,738 7,205,621


2042 84% 797,208 127,609,859 4% 37,942 1,189,565 3,014,512 12% 113,278 7,641,631


2043 84% 818,902 135,699,051 4% 38,974 1,264,855 3,204,367 12% 116,360 8,126,069


2044 84% 828,649 141,621,489 4% 39,438 1,319,800 3,345,305 12% 117,745 8,487,539


2045 84% 748,769 131,560,435 4% 35,636 1,225,722 3,110,204 12% 106,395 7,896,358


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-72. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 40 0.01 0.006


0% 0 0 0% 0 0 43 0.01 0.006


0% 0 0 0% 0 0 48 0.01 0.006


0% 0 0 0% 0 0 51 0.005 0.002


0% 0 0 0% 0 0 61 0.005 0.002


0% 0 0 0% 0 0 66 0.005 0.002


0% 0 0 0% 0 0 73 0.005 0.003


0% 0 0 0% 0 0 65 0.005 0.003


0% 0 0 0% 0 0 52 0.003 0.002


0% 0 0 0% 0 0 60 0.004 0.003


0% 0 0 0% 0 0 66 0.004 0.003


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 131 0.008 0.006


0% 0 0 0% 0 0 145 0.009 0.006


0% 0 0 0% 0 0 193 0.01 0.008


0% 0 0 0% 0 0 222 0.01 0.009


0% 0 0 0% 0 0 275 0.02 0.01


0% 0 0 0% 0 0 290 0.02 0.01


0% 0 0 0% 0 0 303 0.02 0.01


0% 0 0 0% 0 0 301 0.01 0.01


0% 0 0 0% 0 0 443 0.02 0.02


0% 0 0 0% 0 0 634 0.03 0.03


0% 0 0 0% 0 0 789 0.03 0.03


0% 0 0 0% 0 0 982 0.03 0.04


0% 0 0 0% 0 0 1,217 0.04 0.04


0% 0 0 0% 0 0 1,528 0.04 0.06


0% 0 0 0% 0 0 1,884 0.05 0.07


0% 0 0 0% 0 0 2,291 0.06 0.08


0% 0 0 0% 0 0 2,733 0.07 0.09


0% 0 0 0% 0 0 3,218 0.08 0.11


0% 0 0 0% 0 0 3,744 0.09 0.12


0% 0 0 0% 0 0 4,324 0.10 0.13


0% 0 0 0% 0 0 4,896 0.11 0.15


0% 0 0 0% 0 0 5,528 0.12 0.16


0% 0 0 0% 0 0 6,128 0.13 0.17


0% 0 0 0% 0 0 6,786 0.14 0.18


0% 0 0 0% 0 0 7,404 0.15 0.19


0% 0 0 0% 0 0 8,097 0.15 0.20


0% 0 0 0% 0 0 8,724 0.16 0.21


0% 0 0 0% 0 0 9,436 0.16 0.22


0% 0 0 0% 0 0 10,080 0.17 0.22


0% 0 0 0% 0 0 10,695 0.17 0.22


0% 0 0 0% 0 0 11,372 0.17 0.22


0% 0 0 0% 0 0 11,869 0.17 0.21


0% 0 0 0% 0 0 11,026 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-73. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2006 100% 17,095 495,171 0% 0 0 0 0% 1 9


2007 100% 17,938 537,342 0% 0 0 0 0% 2 18


2008 100% 14,711 473,301 0% 0 0 0 0% 6 73


2009 100% 11,643 378,435 0% 0 0 0 0% 2 24


2010 100% 13,584 427,686 0% 0 2 9 0% 8 94


2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039


2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368


2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504


2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894


2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761


2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009


2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393


2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384


2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244


2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596


2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995


2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112


2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554


2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997


2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533


2026 85% 84,407 5,416,910 4% 4,114 50,877 136,660 11% 10,706 295,109


2027 85% 103,307 6,979,357 4% 5,030 65,571 175,255 11% 13,432 388,383


2028 85% 126,564 8,992,281 4% 6,124 84,058 223,637 11% 16,940 513,531


2029 84% 154,469 11,529,035 4% 7,407 106,921 283,234 12% 21,153 672,043


2030 84% 186,433 14,603,793 4% 8,873 134,574 355,060 12% 26,491 881,507


2031 84% 223,318 18,340,139 4% 10,628 169,173 444,687 12% 31,732 1,105,371


2032 84% 263,400 22,659,223 4% 12,536 209,209 548,060 12% 37,427 1,364,096


2033 84% 306,740 27,615,605 4% 14,599 255,208 666,413 12% 43,586 1,661,080


2034 84% 350,568 33,005,323 4% 16,685 305,290 794,782 12% 49,813 1,984,022


2035 84% 396,387 38,990,628 4% 18,865 360,976 937,068 12% 56,324 2,343,007


2036 84% 441,302 45,323,709 4% 21,003 419,968 1,087,267 12% 62,706 2,722,815


2037 84% 488,028 52,297,119 4% 23,227 484,984 1,252,421 12% 69,345 3,141,091


2038 84% 529,547 59,167,502 4% 25,203 549,142 1,414,757 12% 75,245 3,553,333


2039 84% 573,298 66,745,954 4% 27,285 619,964 1,593,644 12% 81,462 4,008,057


2040 84% 609,667 73,915,132 4% 29,016 687,067 1,762,410 12% 86,629 4,438,238


2041 84% 648,178 81,784,379 4% 30,849 760,761 1,947,591 12% 92,102 4,910,573


2042 84% 679,210 89,145,447 4% 32,326 829,839 2,120,143 12% 96,511 5,351,582


2043 84% 713,632 97,406,694 4% 33,964 907,037 2,313,062 12% 101,402 5,844,049


2044 84% 738,970 104,857,227 4% 35,170 976,725 2,486,125 12% 105,002 6,287,030


2045 84% 768,833 113,315,730 4% 36,591 1,055,810 2,682,995 12% 109,246 6,790,499


2046 84% 790,339 120,930,825 4% 37,615 1,127,036 2,859,529 12% 112,302 7,242,409


2047 84% 807,527 128,164,176 4% 38,433 1,194,575 3,027,460 12% 114,744 7,671,556


2048 84% 828,277 136,082,929 4% 39,420 1,268,267 3,213,196 12% 117,693 8,145,301


2049 84% 836,615 141,751,914 4% 39,817 1,320,843 3,348,041 12% 118,877 8,491,081


2050 84% 754,352 131,380,558 4% 35,902 1,223,884 3,105,533 12% 107,188 7,881,262


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-73. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenarios 3a, 3a-1, 3a-2 and 3b in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


2046


2047


2048


2049


2050


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.004 0.002


0% 0 0 0% 0 0 44 0.004 0.002


0% 0 0 0% 0 0 39 0.003 0.002


0% 0 0 0% 0 0 31 0.002 0.001


0% 0 0 0% 0 0 35 0.003 0.002


0% 0 0 0% 0 0 38 0.003 0.002


0% 0 0 0% 0 0 56 0.004 0.003


0% 0 0 0% 0 0 69 0.005 0.003


0% 0 0 0% 0 0 72 0.005 0.003


0% 0 0 0% 0 0 91 0.006 0.004


0% 0 0 0% 0 0 97 0.007 0.005


0% 0 0 0% 0 0 114 0.008 0.005


0% 0 0 0% 0 0 111 0.007 0.005


0% 0 0 0% 0 0 108 0.006 0.005


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 141 0.008 0.006


0% 0 0 0% 0 0 193 0.009 0.009


0% 0 0 0% 0 0 232 0.01 0.01


0% 0 0 0% 0 0 283 0.01 0.01


0% 0 0 0% 0 0 353 0.01 0.01


0% 0 0 0% 0 0 455 0.02 0.02


0% 0 0 0% 0 0 586 0.02 0.02


0% 0 0 0% 0 0 755 0.02 0.03


0% 0 0 0% 0 0 967 0.03 0.04


0% 0 0 0% 0 0 1,225 0.04 0.05


0% 0 0 0% 0 0 1,538 0.04 0.06


0% 0 0 0% 0 0 1,900 0.05 0.07


0% 0 0 0% 0 0 2,316 0.06 0.08


0% 0 0 0% 0 0 2,767 0.07 0.09


0% 0 0 0% 0 0 3,269 0.08 0.11


0% 0 0 0% 0 0 3,800 0.09 0.12


0% 0 0 0% 0 0 4,384 0.10 0.14


0% 0 0 0% 0 0 4,960 0.11 0.15


0% 0 0 0% 0 0 5,595 0.12 0.16


0% 0 0 0% 0 0 6,196 0.13 0.18


0% 0 0 0% 0 0 6,855 0.14 0.19


0% 0 0 0% 0 0 7,472 0.15 0.20


0% 0 0 0% 0 0 8,164 0.15 0.21


0% 0 0 0% 0 0 8,788 0.16 0.21


0% 0 0 0% 0 0 9,497 0.17 0.22


0% 0 0 0% 0 0 10,135 0.17 0.22


0% 0 0 0% 0 0 10,741 0.17 0.22


0% 0 0 0% 0 0 11,405 0.17 0.22


0% 0 0 0% 0 0 11,880 0.17 0.21


0% 0 0 0% 0 0 11,011 0.15 0.18


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-74. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 73% 606,608 109,656,971 5% 42,758 1,514,177 3,832,564 11% 89,660 6,866,855


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-74. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


0% 0 0 11% 91,943 11,789,077 10,257 0.14 0.17


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Page 2 of 2 Ramboll







Table A-75. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1986 100% 9,277 319,606 0% 0 0 0 0% 0 0


1987 100% 11,036 395,358 0% 0 0 0 0% 1 13


1988 100% 10,287 394,106 0% 0 0 0 0% 0 0


1989 100% 12,682 513,141 0% 0 0 0 0% 1 10


1990 100% 15,335 660,988 0% 0 0 0 0% 0 0


1991 100% 17,755 806,207 0% 0 0 0 0% 0 0


1992 100% 14,968 722,403 0% 0 0 0 0% 0 0


1993 100% 15,722 757,504 0% 0 0 0 0% 2 30


1994 100% 16,938 862,749 0% 0 0 0 0% 0 4


1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18


1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0


1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55


1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55


1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47


2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14


2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65


2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424


2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76


2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59


2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81


2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144


2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328


2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794


2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572


2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863


2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957


2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296


2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483


2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167


2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410


2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736


2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212


2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765


2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873


2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627


2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139


2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137


2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684


2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793


2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088


2026 73% 631,610 99,631,257 5% 44,521 1,375,394 3,481,055 11% 93,356 6,216,252


2027 64% 568,332 92,994,289 6% 54,442 1,744,909 4,411,596 11% 97,957 6,763,472


2028 54% 494,755 83,840,288 7% 64,986 2,156,932 5,452,106 11% 103,726 7,417,910


2029 45% 419,506 73,385,206 8% 75,016 2,569,747 6,499,106 12% 107,741 7,961,945


2030 33% 279,755 50,380,703 9% 76,301 2,690,028 6,810,644 13% 109,730 8,360,042


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-75. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 26 0.01 0.005


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 54 0.03 0.010


0% 0 0 0% 0 0 66 0.03 0.01


0% 0 0 0% 0 0 59 0.03 0.01


0% 0 0 0% 0 0 62 0.03 0.01


0% 0 0 0% 0 0 71 0.04 0.01


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 124 0.06 0.02


0% 0 0 0% 0 0 149 0.06 0.03


0% 0 0 0% 0 0 169 0.05 0.03


0% 0 0 0% 0 0 229 0.04 0.03


0% 0 0 0% 0 0 263 0.04 0.03


0% 0 0 0% 0 0 311 0.05 0.04


0% 0 0 0% 0 0 396 0.05 0.04


0% 0 0 0% 0 0 478 0.03 0.01


0% 0 0 0% 0 0 658 0.03 0.02


0% 0 0 0% 0 0 826 0.04 0.02


0% 0 0 0% 0 0 1,059 0.05 0.03


0% 0 0 0% 0 0 1,094 0.05 0.03


0% 0 0 0% 0 0 1,015 0.04 0.03


0% 0 0 0% 0 0 1,312 0.06 0.04


0% 0 0 0% 0 0 1,596 0.06 0.05


0% 0 0 0% 0 0 2,585 0.10 0.08


0% 0 0 0% 0 0 3,531 0.13 0.11


0% 0 0 0% 0 0 3,977 0.15 0.12


0% 0 0 0% 0 0 5,225 0.19 0.16


0% 0 0 0% 0 0 5,716 0.22 0.18


0% 0 0 0% 0 0 6,666 0.24 0.20


0% 0 0 0% 0 0 6,383 0.22 0.18


0% 0 0 0% 0 0 5,949 0.19 0.17


0% 0 0 0% 0 0 5,093 0.15 0.14


0% 0 0 0% 0 0 6,446 0.18 0.18


0% 0 0 0% 0 0 7,811 0.20 0.21


0% 0 0 0% 0 0 8,237 0.19 0.21


0% 0 0 0% 0 0 8,610 0.18 0.21


0% 0 0 0% 0 0 9,101 0.16 0.20


0% 0 0 11% 95,733 10,711,226 9,319 0.16 0.20


0% 0 0 19% 167,287 19,415,503 9,564 0.15 0.19


0% 0 0 28% 252,746 30,379,278 9,798 0.15 0.19


0% 0 0 35% 329,972 40,942,951 9,892 0.15 0.18


0% 0 0 45% 381,957 48,790,134 8,677 0.12 0.14


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-76. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1991 100% 14,887 496,519 0% 0 0 0 0% 0 0


1992 100% 12,386 437,879 0% 0 0 0 0% 0 0


1993 100% 12,876 454,610 0% 0 0 0 0% 2 20


1994 100% 13,908 519,028 0% 0 0 0 0% 0 3


1995 100% 17,011 673,579 0% 0 0 0 0% 1 11


1996 100% 15,726 662,566 0% 0 0 0 0% 0 0


1997 100% 19,249 841,793 0% 0 0 0 0% 3 36


1998 100% 21,231 962,917 0% 0 0 0 0% 2 32


1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27


2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7


2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30


2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189


2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31


2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22


2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29


2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47


2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103


2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522


2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170


2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847


2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360


2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549


2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707


2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302


2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841


2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098


2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811


2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403


2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116


2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564


2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314


2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832


2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016


2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598


2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000


2026 73% 525,019 67,990,583 5% 37,007 936,560 2,395,486 11% 77,601 4,248,646


2027 64% 483,597 65,138,911 6% 46,325 1,220,255 3,115,002 11% 83,353 4,746,114


2028 54% 429,894 60,215,445 7% 56,467 1,547,259 3,942,598 11% 90,128 5,333,845


2029 45% 371,964 54,158,389 8% 66,514 1,895,198 4,820,398 12% 95,531 5,873,508


2030 33% 284,628 43,042,917 9% 77,630 2,298,109 5,835,781 13% 111,641 7,125,303


2031 16% 142,274 22,335,072 10% 88,925 2,733,603 6,931,051 14% 123,989 8,211,111


2032 8% 72,935 11,876,559 11% 100,291 3,198,380 8,100,506 15% 136,241 9,355,831


2033 0% 0 0 12% 112,724 3,721,781 9,423,313 16% 149,763 10,649,111


2034 0% 0 0 13% 124,035 4,224,185 10,700,790 17% 161,656 11,866,577


2035 0% 0 0 14% 121,222 4,245,070 10,764,948 18% 155,365 11,742,105


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-76. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.02 0.008


0% 0 0 0% 0 0 36 0.02 0.007


0% 0 0 0% 0 0 37 0.02 0.007


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 55 0.03 0.01


0% 0 0 0% 0 0 54 0.04 0.01


0% 0 0 0% 0 0 69 0.04 0.01


0% 0 0 0% 0 0 79 0.03 0.01


0% 0 0 0% 0 0 84 0.03 0.01


0% 0 0 0% 0 0 109 0.02 0.01


0% 0 0 0% 0 0 116 0.02 0.01


0% 0 0 0% 0 0 129 0.02 0.02


0% 0 0 0% 0 0 153 0.02 0.02


0% 0 0 0% 0 0 172 0.01 0.006


0% 0 0 0% 0 0 222 0.01 0.007


0% 0 0 0% 0 0 265 0.01 0.008


0% 0 0 0% 0 0 323 0.02 0.01


0% 0 0 0% 0 0 322 0.02 0.01


0% 0 0 0% 0 0 293 0.01 0.010


0% 0 0 0% 0 0 381 0.02 0.01


0% 0 0 0% 0 0 475 0.02 0.02


0% 0 0 0% 0 0 804 0.04 0.03


0% 0 0 0% 0 0 1,164 0.05 0.04


0% 0 0 0% 0 0 1,409 0.06 0.05


0% 0 0 0% 0 0 1,991 0.08 0.07


0% 0 0 0% 0 0 2,353 0.11 0.08


0% 0 0 0% 0 0 2,931 0.12 0.10


0% 0 0 0% 0 0 3,022 0.12 0.10


0% 0 0 0% 0 0 2,984 0.11 0.10


0% 0 0 0% 0 0 2,726 0.10 0.09


0% 0 0 0% 0 0 3,621 0.12 0.12


0% 0 0 0% 0 0 4,642 0.14 0.15


0% 0 0 0% 0 0 5,064 0.14 0.16


0% 0 0 0% 0 0 5,543 0.14 0.16


0% 0 0 0% 0 0 5,997 0.13 0.17


0% 0 0 11% 79,577 7,309,578 6,361 0.13 0.17


0% 0 0 19% 142,346 13,599,811 6,702 0.13 0.17


0% 0 0 28% 219,611 21,818,886 7,039 0.13 0.17


0% 0 0 35% 292,577 30,215,957 7,303 0.13 0.17


0% 0 0 45% 388,610 41,684,009 7,415 0.13 0.17


0% 0 0 60% 534,022 59,463,907 7,265 0.13 0.16


0% 0 0 66% 602,224 69,557,302 7,330 0.12 0.15


0% 0 0 72% 676,837 80,940,453 7,398 0.12 0.14


0% 0 0 70% 668,385 82,465,361 7,628 0.12 0.14


0% 0 0 68% 589,257 74,782,771 7,004 0.11 0.12


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-77. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 73% 364,065 38,085,431 5% 25,662 522,506 1,353,168 11% 53,811 2,380,112


2027 64% 353,606 38,594,551 6% 33,873 720,113 1,860,331 11% 60,947 2,812,115


2028 54% 324,333 36,908,576 7% 42,601 945,015 2,435,721 11% 67,997 3,270,853


2029 45% 293,135 34,757,798 8% 52,418 1,212,509 3,118,344 12% 75,286 3,773,157


2030 33% 229,029 28,278,038 9% 62,466 1,505,758 3,864,548 13% 89,833 4,686,126


2031 16% 118,284 15,198,602 10% 73,931 1,856,008 4,754,274 14% 103,082 5,594,761


2032 8% 62,086 8,297,894 11% 85,372 2,231,017 5,703,556 15% 115,974 6,545,924


2033 0% 0 0 12% 98,038 2,665,328 6,801,387 16% 130,252 7,641,664


2034 0% 0 0 13% 110,183 3,115,112 7,934,557 17% 143,603 8,754,408


2035 0% 0 0 14% 123,702 3,633,767 9,240,607 18% 158,543 10,036,171


2036 0% 0 0 15% 136,516 4,164,332 10,573,585 19% 172,403 11,326,732


2037 0% 0 0 16% 149,132 4,719,374 11,969,659 20% 185,885 12,664,897


2038 0% 0 0 17% 163,011 5,339,970 13,539,859 21% 200,821 14,165,172


2039 0% 0 0 18% 174,985 5,911,028 14,995,868 22% 213,318 15,525,813


2040 0% 0 0 19% 167,264 5,807,308 14,748,846 23% 201,977 15,124,334


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-77. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


0% 0 0 11% 55,181 4,094,515 3,564 0.09 0.11


0% 0 0 19% 104,083 8,057,835 3,972 0.09 0.12


0% 0 0 28% 165,686 13,373,712 4,316 0.10 0.13


0% 0 0 35% 230,572 19,392,012 4,689 0.10 0.14


0% 0 0 45% 312,699 27,385,272 4,874 0.11 0.14


0% 0 0 60% 443,977 40,464,086 4,946 0.10 0.13


0% 0 0 66% 512,639 48,598,179 5,125 0.11 0.13


0% 0 0 72% 588,656 58,032,030 5,308 0.11 0.13


0% 0 0 70% 593,742 60,846,186 5,631 0.11 0.13


0% 0 0 68% 601,311 64,002,976 5,997 0.11 0.13


0% 0 0 66% 601,159 66,424,848 6,304 0.12 0.13


0% 0 0 64% 597,030 68,425,079 6,582 0.12 0.13


0% 0 0 62% 595,027 70,600,721 6,889 0.12 0.13


0% 0 0 60% 583,811 71,452,118 7,078 0.12 0.13


0% 0 0 58% 511,073 64,318,157 6,473 0.11 0.11


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-78. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2001 100% 17,581 492,838 0% 0 0 0 0% 1 13


2002 100% 17,396 519,815 0% 0 0 0 0% 7 79


2003 100% 18,261 584,063 0% 0 0 0 0% 1 12


2004 100% 17,485 620,429 0% 0 0 0 0% 1 8


2005 100% 19,931 744,101 0% 0 0 0 0% 1 11


2006 100% 20,294 810,536 0% 0 0 0 0% 1 13


2007 100% 21,610 895,705 0% 0 0 0 0% 2 26


2008 100% 17,913 797,202 0% 0 0 0 0% 8 112


2009 100% 14,142 635,358 0% 0 0 0 0% 2 35


2010 100% 16,923 735,246 0% 1 3 15 0% 9 147


2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691


2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322


2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105


2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437


2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810


2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787


2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457


2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466


2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601


2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669


2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288


2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660


2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226


2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755


2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822


2026 73% 188,593 15,626,267 5% 13,293 213,382 560,696 11% 27,875 979,732


2027 64% 195,188 16,940,600 6% 18,698 314,629 823,959 11% 33,642 1,237,162


2028 54% 191,955 17,435,060 7% 25,213 444,407 1,160,110 11% 40,244 1,547,489


2029 45% 182,978 17,379,767 8% 32,720 603,637 1,571,051 12% 46,994 1,888,561


2030 33% 151,854 15,069,157 9% 41,417 799,032 2,073,706 13% 59,562 2,497,989


2031 16% 82,041 8,500,426 10% 51,278 1,033,837 2,675,905 14% 71,498 3,128,387


2032 8% 45,406 4,908,616 11% 62,436 1,314,527 3,393,898 15% 84,817 3,870,236


2033 0% 0 0 12% 73,977 1,625,355 4,186,579 16% 98,286 4,674,991


2034 0% 0 0 13% 86,845 1,989,837 5,114,021 17% 113,186 5,609,168


2035 0% 0 0 14% 99,556 2,377,278 6,096,962 18% 127,596 6,584,696


2036 0% 0 0 15% 113,519 2,823,202 7,226,411 19% 143,360 7,700,149


2037 0% 0 0 16% 127,002 3,288,080 8,399,445 20% 158,300 8,845,232


2038 0% 0 0 17% 141,911 3,822,420 9,746,350 21% 174,828 10,156,567


2039 0% 0 0 18% 155,741 4,362,607 11,103,067 22% 189,858 11,463,740


2040 0% 0 0 19% 171,206 4,983,044 12,661,348 23% 206,737 12,964,109


2041 0% 0 0 21% 194,709 5,885,170 14,930,435 24% 221,997 14,450,228


2042 0% 0 0 23% 218,143 6,840,270 17,334,125 25% 236,573 15,970,562


2043 0% 0 0 25% 243,564 7,905,571 20,027,869 26% 252,754 17,663,262


2044 0% 0 0 27% 266,180 8,907,835 22,578,739 27% 265,620 19,148,336


2045 0% 0 0 29% 258,336 8,883,750 22,542,040 29% 257,831 19,114,547


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-78. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 40 0.01 0.006


0% 0 0 0% 0 0 43 0.01 0.006


0% 0 0 0% 0 0 48 0.01 0.006


0% 0 0 0% 0 0 51 0.005 0.002


0% 0 0 0% 0 0 61 0.005 0.002


0% 0 0 0% 0 0 66 0.005 0.002


0% 0 0 0% 0 0 73 0.005 0.003


0% 0 0 0% 0 0 65 0.005 0.003


0% 0 0 0% 0 0 52 0.003 0.002


0% 0 0 0% 0 0 60 0.004 0.003


0% 0 0 0% 0 0 66 0.004 0.003


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 131 0.008 0.006


0% 0 0 0% 0 0 145 0.009 0.006


0% 0 0 0% 0 0 193 0.01 0.008


0% 0 0 0% 0 0 222 0.01 0.009


0% 0 0 0% 0 0 275 0.02 0.01


0% 0 0 0% 0 0 290 0.02 0.01


0% 0 0 0% 0 0 303 0.02 0.01


0% 0 0 0% 0 0 301 0.01 0.01


0% 0 0 0% 0 0 443 0.02 0.02


0% 0 0 0% 0 0 634 0.03 0.03


0% 0 0 0% 0 0 789 0.03 0.03


0% 0 0 0% 0 0 982 0.03 0.04


0% 0 0 0% 0 0 1,217 0.04 0.04


0% 0 0 11% 28,585 1,679,959 1,463 0.04 0.05


0% 0 0 19% 57,453 3,536,887 1,744 0.05 0.06


0% 0 0 28% 98,060 6,317,542 2,040 0.06 0.07


0% 0 0 35% 143,926 9,696,491 2,345 0.06 0.08


0% 0 0 45% 207,330 14,593,409 2,598 0.07 0.08


0% 0 0 60% 307,941 22,631,158 2,768 0.07 0.09


0% 0 0 66% 374,915 28,748,236 3,033 0.08 0.09


0% 0 0 72% 444,190 35,512,951 3,250 0.08 0.10


0% 0 0 70% 467,982 38,985,640 3,611 0.09 0.10


0% 0 0 68% 483,939 41,981,025 3,936 0.09 0.11


0% 0 0 66% 499,887 45,129,386 4,286 0.10 0.11


0% 0 0 64% 508,433 47,744,836 4,597 0.10 0.12


0% 0 0 62% 518,010 50,586,704 4,940 0.10 0.12


0% 0 0 60% 519,604 52,748,816 5,228 0.11 0.12


0% 0 0 58% 523,116 55,158,378 5,553 0.11 0.12


0% 0 0 55% 510,456 55,875,571 5,797 0.11 0.12


0% 0 0 52% 493,711 56,055,334 6,009 0.12 0.12


0% 0 0 49% 477,919 56,173,405 6,239 0.12 0.12


0% 0 0 46% 454,032 55,039,824 6,355 0.12 0.11


0% 0 0 42% 374,633 46,689,015 5,668 0.11 0.10


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-79. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2006 100% 17,095 495,171 0% 0 0 0 0% 1 9


2007 100% 17,938 537,342 0% 0 0 0 0% 2 18


2008 100% 14,711 473,301 0% 0 0 0 0% 6 73


2009 100% 11,643 378,435 0% 0 0 0 0% 2 24


2010 100% 13,584 427,686 0% 0 2 9 0% 8 94


2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039


2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368


2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504


2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894


2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761


2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009


2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393


2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384


2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244


2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596


2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995


2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112


2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554


2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997


2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533


2026 73% 72,435 4,648,637 5% 5,106 63,096 169,481 11% 10,706 295,109


2027 64% 77,932 5,265,063 6% 7,465 97,197 259,783 11% 13,432 388,383


2028 54% 80,799 5,740,711 7% 10,613 145,462 387,002 11% 16,940 513,531


2029 45% 82,363 6,147,303 8% 14,728 212,290 562,357 12% 21,153 672,043


2030 33% 73,193 5,733,398 9% 19,963 302,330 797,667 13% 28,709 953,785


2031 16% 42,508 3,491,042 10% 26,569 422,328 1,110,127 14% 37,045 1,287,157


2032 8% 25,069 2,156,590 11% 34,471 574,562 1,505,169 15% 46,828 1,701,409


2033 0% 0 0 12% 43,793 764,692 1,996,805 16% 58,183 2,209,858


2034 0% 0 0 13% 54,221 991,090 2,580,166 17% 70,667 2,804,792


2035 0% 0 0 14% 66,023 1,262,125 3,276,391 18% 84,618 3,507,790


2036 0% 0 0 15% 78,754 1,573,418 4,073,466 19% 99,457 4,304,066


2037 0% 0 0 16% 92,899 1,938,309 5,005,480 20% 115,793 5,228,312


2038 0% 0 0 17% 107,102 2,332,093 6,008,183 21% 131,944 6,212,439


2039 0% 0 0 18% 122,771 2,787,972 7,166,600 22% 149,666 7,344,085


2040 0% 0 0 19% 137,813 3,261,655 8,366,537 23% 166,414 8,505,538


2041 0% 0 0 21% 161,941 3,991,943 10,219,595 24% 184,637 9,824,069


2042 0% 0 0 23% 185,855 4,769,579 12,185,731 25% 201,557 11,158,614


2043 0% 0 0 25% 212,254 5,667,200 14,452,086 26% 220,262 12,680,449


2044 0% 0 0 27% 237,373 6,591,554 16,777,936 27% 236,874 14,175,574


2045 0% 0 0 29% 265,259 7,653,819 19,449,674 29% 264,740 16,455,874


2046 0% 0 0 31% 291,484 8,734,530 22,161,339 31% 290,950 18,775,038


2047 0% 0 0 33% 317,037 9,856,021 24,978,510 33% 316,492 21,183,213


2048 0% 0 0 35% 344,892 11,098,127 28,117,477 35% 344,332 23,856,539


2049 0% 0 0 37% 368,269 12,217,195 30,967,861 37% 367,704 26,274,045


2050 0% 0 0 39% 350,007 11,929,675 30,270,840 39% 349,498 25,672,714


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-79. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4a in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


2046


2047


2048


2049


2050


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.004 0.002


0% 0 0 0% 0 0 44 0.004 0.002


0% 0 0 0% 0 0 39 0.003 0.002


0% 0 0 0% 0 0 31 0.002 0.001


0% 0 0 0% 0 0 35 0.003 0.002


0% 0 0 0% 0 0 38 0.003 0.002


0% 0 0 0% 0 0 56 0.004 0.003


0% 0 0 0% 0 0 69 0.005 0.003


0% 0 0 0% 0 0 72 0.005 0.003


0% 0 0 0% 0 0 91 0.006 0.004


0% 0 0 0% 0 0 97 0.007 0.005


0% 0 0 0% 0 0 114 0.008 0.005


0% 0 0 0% 0 0 111 0.007 0.005


0% 0 0 0% 0 0 108 0.006 0.005


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 141 0.008 0.006


0% 0 0 0% 0 0 193 0.009 0.009


0% 0 0 0% 0 0 232 0.01 0.01


0% 0 0 0% 0 0 283 0.01 0.01


0% 0 0 0% 0 0 353 0.01 0.01


0% 0 0 11% 10,979 499,769 435 0.01 0.02


0% 0 0 19% 22,939 1,099,249 542 0.02 0.02


0% 0 0 28% 41,276 2,080,130 672 0.02 0.03


0% 0 0 35% 64,784 3,429,693 830 0.03 0.03


0% 0 0 45% 99,932 5,552,389 989 0.03 0.04


0% 0 0 60% 159,555 9,294,397 1,138 0.03 0.04


0% 0 0 66% 206,994 12,630,474 1,334 0.04 0.05


0% 0 0 72% 262,949 16,791,411 1,538 0.04 0.05


0% 0 0 70% 292,179 19,511,549 1,809 0.05 0.06


0% 0 0 68% 320,935 22,391,802 2,102 0.06 0.07


0% 0 0 66% 346,800 25,263,881 2,402 0.06 0.07


0% 0 0 64% 371,908 28,268,312 2,724 0.07 0.08


0% 0 0 62% 390,948 30,983,413 3,029 0.08 0.09


0% 0 0 60% 409,607 33,825,447 3,356 0.08 0.09


0% 0 0 58% 421,086 36,211,173 3,650 0.09 0.10


0% 0 0 55% 424,551 37,995,927 3,948 0.09 0.10


0% 0 0 52% 420,635 39,159,026 4,204 0.10 0.10


0% 0 0 49% 416,483 40,322,062 4,484 0.10 0.11


0% 0 0 46% 404,896 40,751,749 4,710 0.11 0.11


0% 0 0 42% 384,672 40,214,217 4,885 0.11 0.11


0% 0 0 38% 357,821 38,834,824 4,994 0.11 0.10


0% 0 0 34% 327,175 36,831,648 5,061 0.11 0.10


0% 0 0 30% 296,167 34,514,000 5,128 0.11 0.10


0% 0 0 26% 259,335 31,167,115 5,087 0.11 0.09


0% 0 0 22% 197,938 24,452,151 4,480 0.10 0.08


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-80. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 65% 540,667 97,736,781 4% 34,449 1,220,027 3,088,034 11% 89,660 6,866,855


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-80. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


0% 0 0 20% 166,194 21,309,575 9,999 0.14 0.17


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-81. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1986 100% 9,277 319,606 0% 0 0 0 0% 0 0


1987 100% 11,036 395,358 0% 0 0 0 0% 1 13


1988 100% 10,287 394,106 0% 0 0 0 0% 0 0


1989 100% 12,682 513,141 0% 0 0 0 0% 1 10


1990 100% 15,335 660,988 0% 0 0 0 0% 0 0


1991 100% 17,755 806,207 0% 0 0 0 0% 0 0


1992 100% 14,968 722,403 0% 0 0 0 0% 0 0


1993 100% 15,722 757,504 0% 0 0 0 0% 2 30


1994 100% 16,938 862,749 0% 0 0 0 0% 0 4


1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18


1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0


1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55


1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55


1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47


2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14


2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65


2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424


2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76


2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59


2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81


2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144


2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328


2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794


2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572


2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863


2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957


2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296


2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483


2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167


2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410


2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736


2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212


2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765


2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873


2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627


2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139


2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137


2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684


2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793


2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088


2026 65% 562,951 88,800,905 4% 35,869 1,108,113 2,804,580 11% 93,356 6,216,252


2027 60% 531,375 86,947,141 4% 36,682 1,175,675 2,972,420 11% 97,957 6,763,472


2028 54% 490,961 83,197,345 5% 46,662 1,548,748 3,914,793 11% 103,726 7,417,910


2029 47% 438,150 76,646,771 6% 56,371 1,931,109 4,883,937 12% 107,741 7,961,945


2030 31% 263,273 47,412,456 7% 59,346 2,092,397 5,297,554 12% 101,252 7,716,317


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-81. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


Model Year
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 26 0.01 0.005


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 54 0.03 0.010


0% 0 0 0% 0 0 66 0.03 0.01


0% 0 0 0% 0 0 59 0.03 0.01


0% 0 0 0% 0 0 62 0.03 0.01


0% 0 0 0% 0 0 71 0.04 0.01


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 124 0.06 0.02


0% 0 0 0% 0 0 149 0.06 0.03


0% 0 0 0% 0 0 169 0.05 0.03


0% 0 0 0% 0 0 229 0.04 0.03


0% 0 0 0% 0 0 263 0.04 0.03


0% 0 0 0% 0 0 311 0.05 0.04


0% 0 0 0% 0 0 396 0.05 0.04


0% 0 0 0% 0 0 478 0.03 0.01


0% 0 0 0% 0 0 658 0.03 0.02


0% 0 0 0% 0 0 826 0.04 0.02


0% 0 0 0% 0 0 1,059 0.05 0.03


0% 0 0 0% 0 0 1,094 0.05 0.03


0% 0 0 0% 0 0 1,015 0.04 0.03


0% 0 0 0% 0 0 1,312 0.06 0.04


0% 0 0 0% 0 0 1,596 0.06 0.05


0% 0 0 0% 0 0 2,585 0.10 0.08


0% 0 0 0% 0 0 3,531 0.13 0.11


0% 0 0 0% 0 0 3,977 0.15 0.12


0% 0 0 0% 0 0 5,225 0.19 0.16


0% 0 0 0% 0 0 5,716 0.22 0.18


0% 0 0 0% 0 0 6,666 0.24 0.20


0% 0 0 0% 0 0 6,383 0.22 0.18


0% 0 0 0% 0 0 5,949 0.19 0.17


0% 0 0 0% 0 0 5,093 0.15 0.14


0% 0 0 0% 0 0 6,446 0.18 0.18


0% 0 0 0% 0 0 7,811 0.20 0.21


0% 0 0 0% 0 0 8,237 0.19 0.21


0% 0 0 0% 0 0 8,610 0.18 0.21


0% 0 0 0% 0 0 9,101 0.16 0.20


0% 0 0 20% 173,044 19,361,284 9,085 0.15 0.20


0% 0 0 25% 222,005 25,766,042 9,471 0.15 0.19


0% 0 0 30% 274,864 33,037,841 9,837 0.15 0.19


0% 0 0 35% 329,972 40,942,951 10,027 0.15 0.18


0% 0 0 50% 423,871 54,144,169 8,748 0.12 0.15


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-82. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1991 100% 14,887 496,519 0% 0 0 0 0% 0 0


1992 100% 12,386 437,879 0% 0 0 0 0% 0 0


1993 100% 12,876 454,610 0% 0 0 0 0% 2 20


1994 100% 13,908 519,028 0% 0 0 0 0% 0 3


1995 100% 17,011 673,579 0% 0 0 0 0% 1 11


1996 100% 15,726 662,566 0% 0 0 0 0% 0 0


1997 100% 19,249 841,793 0% 0 0 0 0% 3 36


1998 100% 21,231 962,917 0% 0 0 0 0% 2 32


1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27


2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7


2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30


2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189


2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31


2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22


2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29


2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47


2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103


2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522


2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170


2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847


2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360


2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549


2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707


2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302


2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841


2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098


2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811


2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403


2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116


2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564


2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314


2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832


2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016


2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598


2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000


2026 65% 467,947 60,599,710 4% 29,815 754,625 1,930,143 11% 77,601 4,248,646


2027 60% 452,150 60,903,118 4% 31,213 822,291 2,099,102 11% 83,353 4,746,114


2028 54% 426,597 59,753,673 5% 40,545 1,111,059 2,831,110 11% 90,128 5,333,845


2029 47% 388,496 56,565,428 6% 49,983 1,424,208 3,622,445 12% 95,531 5,873,508


2030 31% 267,859 40,506,985 7% 60,380 1,787,472 4,539,077 12% 103,016 6,575,282


2031 5% 44,956 7,057,548 8% 71,141 2,186,911 5,544,912 12% 106,205 7,033,396


2032 0% 508 82,780 8% 72,940 2,326,111 5,891,318 12% 108,890 7,476,741


2033 0% 524 88,306 8% 75,151 2,481,218 6,282,285 12% 112,190 7,976,623


2034 0% 532 92,539 8% 76,331 2,599,611 6,585,387 12% 113,952 8,366,832


2035 0% 483 86,384 8% 69,272 2,426,007 6,152,039 12% 103,414 7,823,380


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-82. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


Model Year
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.02 0.008


0% 0 0 0% 0 0 36 0.02 0.007


0% 0 0 0% 0 0 37 0.02 0.007


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 55 0.03 0.01


0% 0 0 0% 0 0 54 0.04 0.01


0% 0 0 0% 0 0 69 0.04 0.01


0% 0 0 0% 0 0 79 0.03 0.01


0% 0 0 0% 0 0 84 0.03 0.01


0% 0 0 0% 0 0 109 0.02 0.01


0% 0 0 0% 0 0 116 0.02 0.01


0% 0 0 0% 0 0 129 0.02 0.02


0% 0 0 0% 0 0 153 0.02 0.02


0% 0 0 0% 0 0 172 0.01 0.006


0% 0 0 0% 0 0 222 0.01 0.007


0% 0 0 0% 0 0 265 0.01 0.008


0% 0 0 0% 0 0 323 0.02 0.01


0% 0 0 0% 0 0 322 0.02 0.01


0% 0 0 0% 0 0 293 0.01 0.010


0% 0 0 0% 0 0 381 0.02 0.01


0% 0 0 0% 0 0 475 0.02 0.02


0% 0 0 0% 0 0 804 0.04 0.03


0% 0 0 0% 0 0 1,164 0.05 0.04


0% 0 0 0% 0 0 1,409 0.06 0.05


0% 0 0 0% 0 0 1,991 0.08 0.07


0% 0 0 0% 0 0 2,353 0.11 0.08


0% 0 0 0% 0 0 2,931 0.12 0.10


0% 0 0 0% 0 0 3,022 0.12 0.10


0% 0 0 0% 0 0 2,984 0.11 0.10


0% 0 0 0% 0 0 2,726 0.10 0.09


0% 0 0 0% 0 0 3,621 0.12 0.12


0% 0 0 0% 0 0 4,642 0.14 0.15


0% 0 0 0% 0 0 5,064 0.14 0.16


0% 0 0 0% 0 0 5,543 0.14 0.16


0% 0 0 0% 0 0 5,997 0.13 0.17


0% 0 0 20% 143,841 13,212,570 6,201 0.13 0.17


0% 0 0 25% 188,905 18,048,119 6,636 0.13 0.17


0% 0 0 30% 238,830 23,728,309 7,067 0.13 0.18


0% 0 0 35% 292,577 30,215,957 7,402 0.13 0.18


0% 0 0 50% 431,254 46,258,246 7,475 0.13 0.17


0% 0 0 75% 666,907 74,260,870 7,112 0.12 0.15


0% 0 0 80% 729,353 84,240,710 7,386 0.12 0.15


0% 0 0 80% 751,459 89,864,241 7,879 0.12 0.15


0% 0 0 80% 763,260 94,171,112 8,257 0.12 0.15


0% 0 0 80% 692,675 87,907,646 7,708 0.11 0.13


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-83. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 65% 324,490 33,945,378 4% 20,675 421,047 1,090,413 11% 53,811 2,380,112


2027 60% 330,612 36,084,860 4% 22,823 485,341 1,253,824 11% 60,947 2,812,115


2028 54% 321,846 36,625,537 5% 30,589 678,677 1,749,251 11% 67,997 3,270,853


2029 47% 306,163 36,302,589 6% 39,390 911,259 2,343,586 12% 75,286 3,773,157


2030 31% 215,535 26,611,999 7% 48,585 1,171,260 3,006,055 12% 82,893 4,325,829


2031 5% 37,376 4,802,531 8% 59,146 1,484,907 3,803,675 12% 88,297 4,795,314


2032 0% 433 57,837 8% 62,089 1,622,680 4,148,353 12% 92,692 5,235,411


2033 0% 456 63,313 8% 65,360 1,777,012 4,534,581 12% 97,574 5,728,006


2034 0% 473 68,279 8% 67,806 1,917,102 4,883,085 12% 101,227 6,173,591


2035 0% 493 73,932 8% 70,689 2,076,523 5,280,561 12% 105,530 6,681,472


2036 0% 0 0 10% 91,012 2,776,250 7,049,129 19% 172,403 11,326,732


2037 0% 0 0 12% 111,850 3,539,529 8,977,241 20% 185,885 12,664,897


2038 0% 0 0 14% 134,245 4,397,626 11,150,481 21% 200,821 14,165,172


2039 0% 0 0 16% 155,543 5,254,271 13,329,721 22% 213,318 15,525,813


2040 0% 0 0 20% 176,067 6,112,929 15,525,032 23% 201,977 15,124,334


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-83. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


0% 0 0 20% 99,744 7,401,119 3,474 0.08 0.11


0% 0 0 25% 138,127 10,693,440 3,933 0.09 0.12


0% 0 0 30% 180,185 14,544,078 4,333 0.10 0.13


0% 0 0 35% 230,572 19,392,012 4,752 0.10 0.14


0% 0 0 50% 347,013 30,390,423 4,913 0.11 0.14


0% 0 0 75% 554,455 50,533,145 4,842 0.10 0.13


0% 0 0 80% 620,857 58,857,157 5,163 0.10 0.13


0% 0 0 80% 653,556 64,430,136 5,651 0.11 0.14


0% 0 0 80% 678,023 69,483,149 6,094 0.11 0.14


0% 0 0 80% 706,846 75,235,925 6,598 0.12 0.15


0% 0 0 71% 646,663 71,452,786 6,427 0.11 0.14


0% 0 0 68% 634,312 72,697,923 6,687 0.11 0.14


0% 0 0 65% 623,792 74,013,815 6,973 0.12 0.13


0% 0 0 62% 603,253 73,831,644 7,136 0.12 0.13


0% 0 0 57% 502,270 63,210,288 6,446 0.11 0.11


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-84. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2001 100% 17,581 492,838 0% 0 0 0 0% 1 13


2002 100% 17,396 519,815 0% 0 0 0 0% 7 79


2003 100% 18,261 584,063 0% 0 0 0 0% 1 12


2004 100% 17,485 620,429 0% 0 0 0 0% 1 8


2005 100% 19,931 744,101 0% 0 0 0 0% 1 11


2006 100% 20,294 810,536 0% 0 0 0 0% 1 13


2007 100% 21,610 895,705 0% 0 0 0 0% 2 26


2008 100% 17,913 797,202 0% 0 0 0 0% 8 112


2009 100% 14,142 635,358 0% 0 0 0 0% 2 35


2010 100% 16,923 735,246 0% 1 3 15 0% 9 147


2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691


2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322


2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105


2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437


2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810


2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787


2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457


2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466


2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601


2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669


2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288


2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660


2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226


2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755


2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822


2026 65% 168,092 13,927,624 4% 10,710 171,981 451,908 11% 27,875 979,732


2027 60% 182,495 15,839,002 4% 12,598 212,114 555,489 11% 33,642 1,237,162


2028 54% 190,483 17,301,357 5% 18,104 319,213 833,297 11% 40,244 1,547,489


2029 47% 191,110 18,152,201 6% 24,588 453,715 1,180,857 12% 46,994 1,888,561


2030 31% 142,907 14,181,338 7% 32,214 621,582 1,613,175 12% 54,961 2,306,853


2031 5% 25,924 2,686,007 8% 41,023 827,174 2,140,996 12% 61,243 2,683,184


2032 0% 316 34,213 8% 45,409 956,166 2,468,668 12% 67,790 3,098,236


2033 0% 344 38,745 8% 49,319 1,083,750 2,791,515 12% 73,628 3,508,235


2034 0% 372 43,748 8% 53,444 1,224,720 3,147,617 12% 79,786 3,960,912


2035 0% 397 48,493 8% 56,891 1,358,665 3,484,543 12% 84,931 4,390,345


2036 0% 0 0 10% 75,680 1,882,298 4,818,027 19% 143,360 7,700,149


2037 0% 0 0 12% 95,252 2,466,168 6,299,860 20% 158,300 8,845,232


2038 0% 0 0 14% 116,869 3,147,939 8,026,567 21% 174,828 10,156,567


2039 0% 0 0 16% 138,437 3,877,902 9,869,466 22% 189,858 11,463,740


2040 0% 0 0 20% 180,216 5,245,301 13,327,713 23% 206,737 12,964,109


2041 0% 0 0 24% 222,523 6,725,903 17,063,339 24% 221,997 14,450,228


2042 0% 0 0 39% 369,891 11,598,758 29,392,748 27% 260,284 17,572,280


2043 0% 0 0 39% 379,957 12,332,715 31,243,537 31% 301,465 21,069,402


2044 0% 0 0 39% 384,479 12,866,810 32,613,574 34% 339,557 24,478,734


2045 0% 0 0 39% 347,416 11,946,961 30,314,775 38% 338,003 25,053,589


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-84. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


Model Year
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 40 0.01 0.006


0% 0 0 0% 0 0 43 0.01 0.006


0% 0 0 0% 0 0 48 0.01 0.006


0% 0 0 0% 0 0 51 0.005 0.002


0% 0 0 0% 0 0 61 0.005 0.002


0% 0 0 0% 0 0 66 0.005 0.002


0% 0 0 0% 0 0 73 0.005 0.003


0% 0 0 0% 0 0 65 0.005 0.003


0% 0 0 0% 0 0 52 0.003 0.002


0% 0 0 0% 0 0 60 0.004 0.003


0% 0 0 0% 0 0 66 0.004 0.003


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 131 0.008 0.006


0% 0 0 0% 0 0 145 0.009 0.006


0% 0 0 0% 0 0 193 0.01 0.008


0% 0 0 0% 0 0 222 0.01 0.009


0% 0 0 0% 0 0 275 0.02 0.01


0% 0 0 0% 0 0 290 0.02 0.01


0% 0 0 0% 0 0 303 0.02 0.01


0% 0 0 0% 0 0 301 0.01 0.01


0% 0 0 0% 0 0 443 0.02 0.02


0% 0 0 0% 0 0 634 0.03 0.03


0% 0 0 0% 0 0 789 0.03 0.03


0% 0 0 0% 0 0 982 0.03 0.04


0% 0 0 0% 0 0 1,217 0.04 0.04


0% 0 0 20% 51,669 3,036,643 1,426 0.04 0.05


0% 0 0 25% 76,245 4,693,753 1,727 0.05 0.06


0% 0 0 30% 106,641 6,870,405 2,047 0.05 0.07


0% 0 0 35% 143,926 9,696,491 2,377 0.06 0.08


0% 0 0 50% 230,082 16,194,832 2,619 0.07 0.09


0% 0 0 75% 384,569 28,262,682 2,709 0.07 0.09


0% 0 0 80% 454,059 34,816,931 3,055 0.07 0.09


0% 0 0 80% 493,163 39,428,299 3,460 0.08 0.10


0% 0 0 80% 534,411 44,519,554 3,906 0.09 0.11


0% 0 0 80% 568,873 49,348,974 4,330 0.09 0.12


0% 0 0 71% 537,726 48,545,393 4,369 0.09 0.12


0% 0 0 68% 540,182 50,726,291 4,669 0.10 0.12


0% 0 0 65% 543,052 53,032,248 4,999 0.10 0.12


0% 0 0 62% 536,908 54,505,478 5,271 0.11 0.12


0% 0 0 57% 514,106 54,208,285 5,529 0.11 0.12


0% 0 0 52% 482,641 52,830,899 5,722 0.12 0.12


0% 0 0 34% 318,252 36,133,933 5,365 0.12 0.10


0% 0 0 30% 292,814 34,416,639 5,376 0.12 0.10


0% 0 0 27% 261,795 31,735,973 5,268 0.12 0.09


0% 0 0 23% 205,381 25,595,798 4,578 0.10 0.08


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-85. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2006 100% 17,095 495,171 0% 0 0 0 0% 1 9


2007 100% 17,938 537,342 0% 0 0 0 0% 2 18


2008 100% 14,711 473,301 0% 0 0 0 0% 6 73


2009 100% 11,643 378,435 0% 0 0 0 0% 2 24


2010 100% 13,584 427,686 0% 0 2 9 0% 8 94


2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039


2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368


2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504


2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894


2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761


2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009


2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393


2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384


2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244


2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596


2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995


2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112


2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554


2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997


2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533


2026 65% 64,561 4,143,310 4% 4,114 50,877 136,660 11% 10,706 295,109


2027 60% 72,864 4,922,692 4% 5,030 65,571 175,255 11% 13,432 388,383


2028 54% 80,180 5,696,688 5% 7,620 104,526 278,092 11% 16,940 513,531


2029 47% 86,024 6,420,517 6% 11,068 159,606 422,796 12% 21,153 672,043


2030 31% 68,881 5,395,608 7% 15,527 235,228 620,624 12% 26,491 881,507


2031 5% 13,432 1,103,117 8% 21,256 337,943 888,314 12% 31,732 1,105,371


2032 0% 175 15,032 8% 25,071 417,982 1,094,979 12% 37,427 1,364,096


2033 0% 203 18,320 8% 29,196 509,950 1,331,609 12% 43,586 1,661,080


2034 0% 233 21,895 8% 33,367 610,090 1,588,286 12% 49,813 1,984,022


2035 0% 263 25,865 8% 37,728 721,435 1,872,797 12% 56,324 2,343,007


2036 0% 0 0 10% 52,504 1,049,122 2,716,103 19% 99,457 4,304,066


2037 0% 0 0 12% 69,675 1,453,867 3,754,460 20% 115,793 5,228,312


2038 0% 0 0 14% 88,202 1,920,643 4,948,162 21% 131,944 6,212,439


2039 0% 0 0 16% 109,131 2,478,256 6,370,464 22% 149,666 7,344,085


2040 0% 0 0 20% 145,066 3,433,295 8,806,812 23% 166,414 8,505,538


2041 0% 0 0 24% 185,075 4,562,152 11,679,361 24% 184,637 9,824,069


2042 0% 0 0 39% 315,142 8,087,255 20,662,015 27% 221,758 12,275,351


2043 0% 0 0 39% 331,114 8,840,642 22,544,769 31% 262,712 15,122,020


2044 0% 0 0 39% 342,870 9,521,030 24,234,533 34% 302,809 18,119,847


2045 0% 0 0 39% 356,726 10,293,022 26,156,346 38% 347,060 21,572,837


2046 0% 0 0 39% 366,704 10,988,602 27,880,394 41% 389,677 25,148,333


2047 0% 0 0 39% 374,679 11,648,044 29,520,107 42% 402,955 26,973,923


2048 0% 0 0 39% 384,307 12,366,497 31,330,933 42% 413,310 28,638,221


2049 0% 0 0 39% 388,175 12,877,580 32,641,789 42% 417,470 29,830,638


2050 0% 0 0 39% 350,007 11,929,675 30,270,840 42% 376,421 27,649,542


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-85. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4b in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


2046


2047


2048


2049


2050


Model Year
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.004 0.002


0% 0 0 0% 0 0 44 0.004 0.002


0% 0 0 0% 0 0 39 0.003 0.002


0% 0 0 0% 0 0 31 0.002 0.001


0% 0 0 0% 0 0 35 0.003 0.002


0% 0 0 0% 0 0 38 0.003 0.002


0% 0 0 0% 0 0 56 0.004 0.003


0% 0 0 0% 0 0 69 0.005 0.003


0% 0 0 0% 0 0 72 0.005 0.003


0% 0 0 0% 0 0 91 0.006 0.004


0% 0 0 0% 0 0 97 0.007 0.005


0% 0 0 0% 0 0 114 0.008 0.005


0% 0 0 0% 0 0 111 0.007 0.005


0% 0 0 0% 0 0 108 0.006 0.005


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 141 0.008 0.006


0% 0 0 0% 0 0 193 0.009 0.009


0% 0 0 0% 0 0 232 0.01 0.01


0% 0 0 0% 0 0 283 0.01 0.01


0% 0 0 0% 0 0 353 0.01 0.01


0% 0 0 20% 19,845 903,367 424 0.01 0.02


0% 0 0 25% 30,442 1,458,798 537 0.02 0.02


0% 0 0 30% 44,888 2,262,167 674 0.02 0.03


0% 0 0 35% 64,784 3,429,693 841 0.03 0.03


0% 0 0 50% 110,898 6,161,686 997 0.03 0.04


0% 0 0 75% 199,258 11,607,209 1,113 0.03 0.04


0% 0 0 80% 250,690 15,296,741 1,343 0.04 0.05


0% 0 0 80% 291,939 18,642,686 1,637 0.05 0.06


0% 0 0 80% 333,653 22,281,165 1,956 0.05 0.07


0% 0 0 80% 377,261 26,321,712 2,310 0.06 0.08


0% 0 0 71% 373,051 27,176,196 2,447 0.06 0.08


0% 0 0 68% 395,132 30,033,544 2,766 0.07 0.08


0% 0 0 65% 409,848 32,481,264 3,064 0.08 0.09


0% 0 0 62% 423,248 34,951,915 3,383 0.08 0.10


0% 0 0 57% 413,833 35,587,442 3,635 0.09 0.10


0% 0 0 52% 401,417 35,925,521 3,898 0.10 0.10


0% 0 0 34% 271,146 25,242,373 3,758 0.10 0.09


0% 0 0 30% 255,173 24,704,749 3,868 0.10 0.09


0% 0 0 27% 233,463 23,497,466 3,908 0.10 0.08


0% 0 0 23% 210,884 22,046,191 3,946 0.10 0.08


0% 0 0 20% 183,874 19,956,099 3,916 0.10 0.08


0% 0 0 19% 183,069 20,608,997 4,104 0.10 0.08


0% 0 0 19% 187,774 21,882,345 4,357 0.11 0.08


0% 0 0 19% 189,664 22,793,926 4,539 0.11 0.08


0% 0 0 19% 171,015 21,126,196 4,208 0.10 0.07


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-86. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1982 100% 4,657 174,227 0% 0 0 0 0% 1 9


1983 100% 5,273 206,541 0% 0 0 0 0% 1 9


1984 100% 7,858 329,345 0% 0 0 0 0% 1 13


1985 100% 10,024 435,286 0% 0 0 0 0% 0 0


1986 100% 10,647 463,741 0% 0 0 0 0% 0 0


1987 100% 12,832 586,622 0% 0 0 0 0% 1 18


1988 100% 12,139 592,716 0% 0 0 0 0% 0 0


1989 100% 14,970 774,940 0% 0 0 0 0% 1 14


1990 100% 18,044 991,990 0% 0 0 0 0% 0 0


1991 100% 21,281 1,234,023 0% 0 0 0 0% 0 0


1992 100% 18,332 1,127,213 0% 0 0 0 0% 0 0


1993 100% 20,138 1,231,512 0% 0 0 0 0% 3 46


1994 100% 22,840 1,473,479 0% 0 0 0 0% 0 7


1995 100% 29,675 2,022,331 0% 0 0 0 0% 2 31


1996 100% 29,436 2,128,971 0% 0 0 0 0% 0 0


1997 100% 39,761 2,978,637 0% 0 0 0 0% 4 95


1998 100% 48,817 3,777,000 0% 0 0 0 0% 5 107


1999 100% 56,921 4,546,344 0% 0 0 0 0% 4 98


2000 100% 76,964 6,529,441 0% 0 0 0 0% 1 31


2001 100% 87,221 7,793,387 0% 0 0 0 0% 6 155


2002 100% 102,135 9,644,077 0% 0 0 0 0% 37 1,030


2003 100% 127,287 12,720,322 0% 0 0 0 0% 7 196


2004 100% 143,690 15,732,253 0% 0 0 0 0% 5 155


2005 100% 191,623 21,752,720 0% 0 0 0 0% 7 213


2006 100% 225,488 26,980,154 0% 0 0 0 0% 11 389


2007 100% 275,180 33,665,694 0% 0 0 0 0% 23 834


2008 100% 258,265 33,318,492 0% 0 0 0 0% 126 4,586


2009 100% 229,086 29,357,696 0% 0 0 0 0% 34 1,333


2010 100% 292,924 35,681,010 0% 11 154 687 0% 161 6,445


2011 99% 307,002 40,824,099 0% 548 8,280 37,013 1% 1,890 79,947


2012 98% 465,759 61,806,971 1% 5,585 88,399 392,722 1% 2,528 111,558


2013 97% 592,447 79,686,217 2% 11,199 185,018 819,056 1% 8,583 395,185


2014 96% 599,553 84,574,041 3% 16,462 284,537 1,256,341 1% 9,356 449,554


2015 96% 738,821 106,767,996 2% 12,602 227,577 1,002,629 2% 14,202 712,794


2016 95% 754,102 111,262,248 2% 13,790 259,774 1,141,452 3% 23,130 1,205,441


2017 91% 794,462 122,943,456 4% 36,125 706,874 3,105,093 5% 43,901 2,385,744


2018 86% 705,513 113,371,002 4% 33,412 680,299 2,980,537 10% 78,294 4,428,841


2019 88% 622,322 102,867,416 3% 24,317 533,860 2,191,127 8% 58,438 3,447,620


2020 86% 508,892 85,019,301 4% 24,600 571,597 2,264,467 9% 55,310 3,416,834


2021 85% 619,444 104,948,162 4% 32,604 811,289 3,029,262 10% 73,983 4,748,184


2022 84% 724,703 124,757,619 5% 39,994 1,137,171 3,486,691 11% 93,245 6,212,763


2023 84% 731,635 127,883,688 5% 40,571 1,231,754 3,543,090 11% 98,996 6,843,258


2024 83% 747,543 132,487,563 5% 41,200 1,332,140 3,598,733 12% 106,645 7,641,910


2025 83% 758,530 135,969,595 5% 41,866 1,438,799 3,640,575 12% 111,956 8,303,968


2026 73% 606,608 109,656,971 5% 42,758 1,514,177 3,832,564 11% 89,660 6,866,855


Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Model Year


Internal Combustion Engine Vehicle
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Table A-86. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2026
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1982


1983


1984


1985


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 14 0.008 0.003


0% 0 0 0% 0 0 17 0.009 0.003


0% 0 0 0% 0 0 27 0.01 0.005


0% 0 0 0% 0 0 36 0.02 0.006


0% 0 0 0% 0 0 38 0.02 0.007


0% 0 0 0% 0 0 48 0.02 0.009


0% 0 0 0% 0 0 49 0.02 0.009


0% 0 0 0% 0 0 63 0.03 0.01


0% 0 0 0% 0 0 81 0.04 0.01


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 92 0.04 0.02


0% 0 0 0% 0 0 101 0.05 0.02


0% 0 0 0% 0 0 121 0.06 0.02


0% 0 0 0% 0 0 166 0.08 0.03


0% 0 0 0% 0 0 174 0.09 0.04


0% 0 0 0% 0 0 244 0.11 0.05


0% 0 0 0% 0 0 309 0.11 0.05


0% 0 0 0% 0 0 372 0.09 0.06


0% 0 0 0% 0 0 535 0.08 0.07


0% 0 0 0% 0 0 638 0.09 0.07


0% 0 0 0% 0 0 790 0.11 0.09


0% 0 0 0% 0 0 1,041 0.13 0.11


0% 0 0 0% 0 0 1,288 0.07 0.04


0% 0 0 0% 0 0 1,781 0.08 0.05


0% 0 0 0% 0 0 2,209 0.09 0.06


0% 0 0 0% 0 0 2,756 0.11 0.08


0% 0 0 0% 0 0 2,728 0.10 0.08


0% 0 0 0% 0 0 2,404 0.09 0.07


0% 0 0 0% 0 0 2,921 0.11 0.09


0% 0 0 0% 0 0 3,345 0.12 0.10


0% 0 0 0% 0 0 5,092 0.18 0.15


0% 0 0 0% 0 0 6,591 0.22 0.19


0% 0 0 0% 0 0 7,027 0.23 0.20


0% 0 0 0% 0 0 8,823 0.28 0.24


0% 0 0 0% 0 0 9,203 0.32 0.26


0% 0 0 0% 0 0 10,320 0.32 0.27


0% 0 0 0% 0 0 9,526 0.28 0.24


0% 0 0 0% 0 0 8,601 0.23 0.21


0% 0 0 0% 0 0 7,146 0.19 0.17


0% 0 0 0% 0 0 8,840 0.21 0.21


0% 0 0 0% 0 0 10,500 0.23 0.24


0% 0 0 0% 0 0 10,760 0.21 0.23


0% 0 0 0% 0 0 11,142 0.20 0.22


0% 0 0 0% 0 0 11,430 0.16 0.20


0% 0 0 11% 91,943 11,789,077 10,257 0.14 0.17


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-8) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-10. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)
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Table A-87. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1986 100% 9,277 319,606 0% 0 0 0 0% 0 0


1987 100% 11,036 395,358 0% 0 0 0 0% 1 13


1988 100% 10,287 394,106 0% 0 0 0 0% 0 0


1989 100% 12,682 513,141 0% 0 0 0 0% 1 10


1990 100% 15,335 660,988 0% 0 0 0 0% 0 0


1991 100% 17,755 806,207 0% 0 0 0 0% 0 0


1992 100% 14,968 722,403 0% 0 0 0 0% 0 0


1993 100% 15,722 757,504 0% 0 0 0 0% 2 30


1994 100% 16,938 862,749 0% 0 0 0 0% 0 4


1995 100% 21,266 1,147,175 0% 0 0 0 0% 1 18


1996 100% 20,041 1,148,835 0% 0 0 0 0% 0 0


1997 100% 25,571 1,519,989 0% 0 0 0 0% 3 55


1998 100% 29,544 1,816,366 0% 0 0 0 0% 3 55


1999 100% 32,392 2,061,329 0% 0 0 0 0% 2 47


2000 100% 41,346 2,802,701 0% 0 0 0 0% 1 14


2001 100% 44,766 3,209,806 0% 0 0 0 0% 3 65


2002 100% 49,911 3,795,455 0% 0 0 0 0% 18 424


2003 100% 59,781 4,832,777 0% 0 0 0 0% 3 76


2004 100% 65,751 5,844,031 0% 0 0 0 0% 2 59


2005 100% 86,903 8,039,211 0% 0 0 0 0% 3 81


2006 100% 103,055 10,092,547 0% 0 0 0 0% 5 144


2007 100% 128,610 12,929,139 0% 0 0 0 0% 11 328


2008 100% 125,543 13,361,675 0% 0 0 0 0% 60 1,794


2009 100% 116,809 12,395,606 0% 0 0 0 0% 18 572


2010 100% 158,274 16,020,574 0% 6 69 311 0% 86 2,863


2011 99% 175,648 19,479,572 0% 313 3,932 17,791 1% 1,076 37,957


2012 98% 282,481 31,367,919 1% 3,387 44,658 200,590 1% 1,526 56,296


2013 97% 378,095 42,683,040 2% 7,146 98,660 441,197 1% 5,433 209,483


2014 96% 402,992 47,862,257 3% 11,064 160,332 714,692 1% 6,227 251,167


2015 97% 518,113 63,218,662 2% 8,836 134,191 596,394 2% 9,879 417,410


2016 95% 553,278 69,108,331 2% 10,115 160,689 711,773 3% 16,817 738,736


2017 91% 604,853 79,402,357 4% 27,493 454,641 2,012,619 5% 33,194 1,524,212


2018 86% 555,971 75,960,952 4% 26,314 453,896 2,003,609 10% 61,332 2,941,765


2019 88% 505,059 71,135,364 3% 19,734 368,011 1,521,560 8% 47,387 2,378,873


2020 86% 424,894 60,588,792 4% 20,540 406,324 1,621,195 9% 46,181 2,435,627


2021 85% 528,088 76,514,975 4% 27,796 590,252 2,219,126 10% 63,072 3,464,139


2022 84% 629,123 92,802,888 5% 34,719 844,508 2,607,459 11% 80,947 4,626,137


2023 84% 652,013 97,885,688 5% 36,155 941,473 2,725,229 11% 88,223 5,242,684


2024 83% 670,253 102,369,934 5% 36,940 1,028,217 2,790,931 12% 95,619 5,905,793


2025 83% 697,118 108,259,056 5% 38,476 1,144,799 2,904,428 12% 102,891 6,603,088


2026 73% 631,610 99,631,257 5% 44,521 1,375,394 3,481,055 11% 93,356 6,216,252


2027 64% 568,332 92,994,289 6% 54,442 1,744,909 4,411,596 11% 97,957 6,763,472


2028 54% 494,755 83,840,288 7% 64,986 2,156,932 5,452,106 11% 103,726 7,417,910


2029 45% 419,506 73,385,206 8% 75,016 2,569,747 6,499,106 12% 107,741 7,961,945


2030 33% 279,755 50,380,703 9% 76,301 2,690,028 6,810,644 12% 101,252 7,716,317


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-87. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2030
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1986


1987


1988


1989


1990


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 26 0.01 0.005


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 32 0.02 0.006


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 54 0.03 0.010


0% 0 0 0% 0 0 66 0.03 0.01


0% 0 0 0% 0 0 59 0.03 0.01


0% 0 0 0% 0 0 62 0.03 0.01


0% 0 0 0% 0 0 71 0.04 0.01


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 94 0.05 0.02


0% 0 0 0% 0 0 124 0.06 0.02


0% 0 0 0% 0 0 149 0.06 0.03


0% 0 0 0% 0 0 169 0.05 0.03


0% 0 0 0% 0 0 229 0.04 0.03


0% 0 0 0% 0 0 263 0.04 0.03


0% 0 0 0% 0 0 311 0.05 0.04


0% 0 0 0% 0 0 396 0.05 0.04


0% 0 0 0% 0 0 478 0.03 0.01


0% 0 0 0% 0 0 658 0.03 0.02


0% 0 0 0% 0 0 826 0.04 0.02


0% 0 0 0% 0 0 1,059 0.05 0.03


0% 0 0 0% 0 0 1,094 0.05 0.03


0% 0 0 0% 0 0 1,015 0.04 0.03


0% 0 0 0% 0 0 1,312 0.06 0.04


0% 0 0 0% 0 0 1,596 0.06 0.05


0% 0 0 0% 0 0 2,585 0.10 0.08


0% 0 0 0% 0 0 3,531 0.13 0.11


0% 0 0 0% 0 0 3,977 0.15 0.12


0% 0 0 0% 0 0 5,225 0.19 0.16


0% 0 0 0% 0 0 5,716 0.22 0.18


0% 0 0 0% 0 0 6,666 0.24 0.20


0% 0 0 0% 0 0 6,383 0.22 0.18


0% 0 0 0% 0 0 5,949 0.19 0.17


0% 0 0 0% 0 0 5,093 0.15 0.14


0% 0 0 0% 0 0 6,446 0.18 0.18


0% 0 0 0% 0 0 7,811 0.20 0.21


0% 0 0 0% 0 0 8,237 0.19 0.21


0% 0 0 0% 0 0 8,610 0.18 0.21


0% 0 0 0% 0 0 9,101 0.16 0.20


0% 0 0 11% 95,733 10,711,226 9,319 0.16 0.20


0% 0 0 19% 167,287 19,415,503 9,564 0.15 0.19


0% 0 0 28% 252,746 30,379,278 9,798 0.15 0.19


0% 0 0 35% 329,972 40,942,951 9,892 0.15 0.18


1% 8,477 610,675 45% 381,957 48,790,134 8,677 0.12 0.14


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-11) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-13. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-88. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1991 100% 14,887 496,519 0% 0 0 0 0% 0 0


1992 100% 12,386 437,879 0% 0 0 0 0% 0 0


1993 100% 12,876 454,610 0% 0 0 0 0% 2 20


1994 100% 13,908 519,028 0% 0 0 0 0% 0 3


1995 100% 17,011 673,579 0% 0 0 0 0% 1 11


1996 100% 15,726 662,566 0% 0 0 0 0% 0 0


1997 100% 19,249 841,793 0% 0 0 0 0% 3 36


1998 100% 21,231 962,917 0% 0 0 0 0% 2 32


1999 100% 21,841 1,026,080 0% 0 0 0 0% 2 27


2000 100% 26,428 1,326,406 0% 0 0 0 0% 0 7


2001 100% 26,524 1,412,096 0% 0 0 0 0% 2 30


2002 100% 27,790 1,574,561 0% 0 0 0 0% 11 189


2003 100% 30,887 1,866,413 0% 0 0 0 0% 2 31


2004 100% 31,459 2,100,346 0% 0 0 0 0% 1 22


2005 100% 38,743 2,705,815 0% 0 0 0 0% 1 29


2006 100% 43,503 3,231,279 0% 0 0 0 0% 2 47


2007 100% 51,445 3,941,697 0% 0 0 0 0% 4 103


2008 100% 48,196 3,931,397 0% 0 0 0 0% 23 522


2009 100% 43,832 3,583,029 0% 0 0 0 0% 7 170


2010 100% 59,373 4,651,159 0% 2 20 92 0% 32 847


2011 99% 67,186 5,797,667 0% 120 1,161 5,375 1% 409 11,360


2012 98% 112,410 9,761,699 1% 1,348 13,798 63,245 1% 603 17,549


2013 97% 158,581 14,066,520 2% 2,997 32,296 147,122 1% 2,255 68,707


2014 96% 180,829 16,955,018 3% 4,964 56,441 255,982 1% 2,764 88,302


2015 97% 248,911 24,094,495 2% 4,244 50,842 229,574 2% 4,701 157,841


2016 95% 285,862 28,441,636 2% 5,224 65,752 295,555 3% 8,578 300,098


2017 91% 332,615 34,903,768 4% 15,110 198,715 892,263 5% 18,042 661,811


2018 86% 327,985 35,952,376 4% 15,507 213,599 955,739 9% 35,779 1,376,403


2019 88% 314,542 35,673,840 3% 12,281 183,606 769,058 8% 29,273 1,183,116


2020 86% 281,575 32,424,569 4% 13,612 216,540 874,542 9% 30,604 1,303,564


2021 85% 366,087 42,975,928 4% 19,269 330,198 1,255,839 10% 43,723 1,945,314


2022 84% 459,912 55,139,274 5% 25,381 499,808 1,561,702 11% 59,175 2,747,832


2023 84% 491,823 60,167,945 5% 27,272 576,729 1,688,911 11% 66,548 3,223,016


2024 83% 528,134 65,889,598 5% 29,108 659,860 1,811,619 12% 75,344 3,803,598


2025 83% 560,849 71,323,875 5% 30,955 752,392 1,930,200 12% 82,779 4,355,000


2026 73% 525,019 67,990,583 5% 37,007 936,560 2,395,486 11% 77,601 4,248,646


2027 64% 483,597 65,138,911 6% 46,325 1,220,255 3,115,002 11% 83,353 4,746,114


2028 54% 429,894 60,215,445 7% 56,467 1,547,259 3,942,598 11% 90,128 5,333,845


2029 45% 371,964 54,158,389 8% 66,514 1,895,198 4,820,398 12% 95,531 5,873,508


2030 33% 284,628 43,042,917 9% 77,630 2,298,109 5,835,781 12% 103,016 6,575,282


2031 16% 142,274 22,335,072 10% 88,925 2,733,603 6,931,051 12% 110,651 7,327,824


2032 8% 72,935 11,876,559 11% 100,291 3,198,380 8,100,506 13% 118,007 8,103,104


2033 0% 0 0 12% 112,724 3,721,781 9,423,313 13% 126,280 8,978,806


2034 0% 0 0 13% 124,035 4,224,185 10,700,790 14% 133,034 9,766,730


2035 0% 0 0 14% 121,222 4,245,070 10,764,948 14% 125,060 9,456,182


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle


Page 1 of 2 Ramboll







Table A-88. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2035
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1991


1992


1993


1994


1995


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 41 0.02 0.008


0% 0 0 0% 0 0 36 0.02 0.007


0% 0 0 0% 0 0 37 0.02 0.007


0% 0 0 0% 0 0 42 0.02 0.008


0% 0 0 0% 0 0 55 0.03 0.01


0% 0 0 0% 0 0 54 0.04 0.01


0% 0 0 0% 0 0 69 0.04 0.01


0% 0 0 0% 0 0 79 0.03 0.01


0% 0 0 0% 0 0 84 0.03 0.01


0% 0 0 0% 0 0 109 0.02 0.01


0% 0 0 0% 0 0 116 0.02 0.01


0% 0 0 0% 0 0 129 0.02 0.02


0% 0 0 0% 0 0 153 0.02 0.02


0% 0 0 0% 0 0 172 0.01 0.006


0% 0 0 0% 0 0 222 0.01 0.007


0% 0 0 0% 0 0 265 0.01 0.008


0% 0 0 0% 0 0 323 0.02 0.01


0% 0 0 0% 0 0 322 0.02 0.01


0% 0 0 0% 0 0 293 0.01 0.010


0% 0 0 0% 0 0 381 0.02 0.01


0% 0 0 0% 0 0 475 0.02 0.02


0% 0 0 0% 0 0 804 0.04 0.03


0% 0 0 0% 0 0 1,164 0.05 0.04


0% 0 0 0% 0 0 1,409 0.06 0.05


0% 0 0 0% 0 0 1,991 0.08 0.07


0% 0 0 0% 0 0 2,353 0.11 0.08


0% 0 0 0% 0 0 2,931 0.12 0.10


0% 0 0 0% 0 0 3,022 0.12 0.10


0% 0 0 0% 0 0 2,984 0.11 0.10


0% 0 0 0% 0 0 2,726 0.10 0.09


0% 0 0 0% 0 0 3,621 0.12 0.12


0% 0 0 0% 0 0 4,642 0.14 0.15


0% 0 0 0% 0 0 5,064 0.14 0.16


0% 0 0 0% 0 0 5,543 0.14 0.16


0% 0 0 0% 0 0 5,997 0.13 0.17


0% 0 0 11% 79,577 7,309,578 6,361 0.13 0.17


0% 0 0 19% 142,346 13,599,811 6,702 0.13 0.17


0% 0 0 28% 219,611 21,818,886 7,039 0.13 0.17


0% 0 0 35% 292,577 30,215,957 7,303 0.13 0.17


1% 8,625 521,732 45% 388,610 41,684,009 7,415 0.13 0.17


2% 13,338 837,565 60% 534,022 59,463,907 7,265 0.13 0.16


2% 18,234 1,187,656 66% 602,224 69,557,302 7,330 0.12 0.15


3% 23,483 1,583,673 72% 676,837 80,940,453 7,398 0.12 0.14


3% 28,622 1,991,487 70% 668,385 82,465,361 7,628 0.12 0.14


4% 30,305 2,168,869 68% 589,257 74,782,771 7,004 0.11 0.12


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-14) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-16. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-89. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


1996 100% 13,224 407,390 0% 0 0 0 0% 0 0


1997 100% 15,957 507,603 0% 0 0 0 0% 2 27


1998 100% 17,428 573,388 0% 0 0 0 0% 2 23


1999 100% 17,981 612,358 0% 0 0 0 0% 2 19


2000 100% 21,212 772,196 0% 0 0 0 0% 0 5


2001 100% 20,869 808,569 0% 0 0 0 0% 1 19


2002 100% 20,957 866,980 0% 0 0 0 0% 8 114


2003 100% 22,226 985,080 0% 0 0 0 0% 1 18


2004 100% 21,228 1,041,890 0% 0 0 0 0% 1 12


2005 100% 24,808 1,278,892 0% 0 0 0 0% 1 16


2006 100% 25,795 1,417,856 0% 0 0 0 0% 1 22


2007 100% 28,657 1,630,516 0% 0 0 0 0% 2 44


2008 100% 24,894 1,513,071 0% 0 0 0 0% 12 206


2009 100% 20,958 1,283,229 0% 0 0 0 0% 3 64


2010 100% 26,447 1,559,497 0% 1 7 31 0% 15 295


2011 99% 28,341 1,849,619 0% 51 367 1,752 1% 172 3,720


2012 98% 44,963 2,967,860 1% 539 4,153 19,596 1% 240 5,433


2013 97% 60,869 4,125,844 2% 1,150 9,385 43,891 1% 858 20,372


2014 96% 67,874 4,888,299 3% 1,863 16,131 74,982 1% 1,028 25,649


2015 97% 93,376 6,979,373 2% 1,592 14,608 67,463 2% 1,750 45,992


2016 95% 109,366 8,447,742 2% 1,998 19,377 88,913 3% 3,230 88,645


2017 91% 132,055 10,809,831 4% 5,994 61,088 279,650 5% 7,052 203,451


2018 87% 137,285 11,794,487 4% 6,483 69,602 317,087 9% 14,800 449,301


2019 88% 141,083 12,595,274 3% 5,505 64,430 274,520 8% 13,018 416,452


2020 86% 135,652 12,343,563 4% 6,558 82,023 336,557 9% 14,744 498,290


2021 85% 189,590 17,659,856 4% 9,979 135,046 521,355 10% 22,644 801,678


2022 84% 253,809 24,240,958 5% 14,007 218,733 693,952 11% 32,657 1,210,322


2023 84% 291,017 28,467,215 5% 16,137 271,680 807,271 11% 39,377 1,526,695


2024 83% 329,600 32,998,938 5% 18,166 329,087 916,198 12% 47,021 1,906,128


2025 83% 371,783 38,066,268 5% 20,520 399,967 1,039,937 12% 54,873 2,325,226


2026 73% 364,065 38,085,431 5% 25,662 522,506 1,353,168 11% 53,811 2,380,112


2027 64% 353,606 38,594,551 6% 33,873 720,113 1,860,331 11% 60,947 2,812,115


2028 54% 324,333 36,908,576 7% 42,601 945,015 2,435,721 11% 67,997 3,270,853


2029 45% 293,135 34,757,798 8% 52,418 1,212,509 3,118,344 12% 75,286 3,773,157


2030 33% 229,029 28,278,038 9% 62,466 1,505,758 3,864,548 12% 82,893 4,325,829


2031 16% 118,284 15,198,602 10% 73,931 1,856,008 4,754,274 12% 91,993 4,995,176


2032 8% 62,086 8,297,894 11% 85,372 2,231,017 5,703,556 13% 100,453 5,672,249


2033 0% 0 0 12% 98,038 2,665,328 6,801,387 13% 109,828 6,445,628


2034 0% 0 0 13% 110,183 3,115,112 7,934,557 14% 118,177 7,205,918


2035 0% 0 0 14% 123,702 3,633,767 9,240,607 14% 127,619 8,079,263


2036 0% 0 0 15% 136,516 4,164,332 10,573,585 15% 136,000 8,934,507


2037 0% 0 0 16% 149,132 4,719,374 11,969,659 15% 143,943 9,805,502


2038 0% 0 0 17% 163,011 5,339,970 13,539,859 16% 152,878 10,781,757


2039 0% 0 0 18% 174,985 5,911,028 14,995,868 16% 159,852 11,635,052


2040 0% 0 0 19% 167,264 5,807,308 14,748,846 17% 149,158 11,174,023


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-89. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2040
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


1996


1997


1998


1999


2000


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 33 0.02 0.007


0% 0 0 0% 0 0 42 0.03 0.009


0% 0 0 0% 0 0 47 0.02 0.009


0% 0 0 0% 0 0 50 0.02 0.008


0% 0 0 0% 0 0 63 0.01 0.009


0% 0 0 0% 0 0 66 0.01 0.009


0% 0 0 0% 0 0 71 0.01 0.009


0% 0 0 0% 0 0 81 0.01 0.010


0% 0 0 0% 0 0 85 0.007 0.003


0% 0 0 0% 0 0 105 0.008 0.004


0% 0 0 0% 0 0 116 0.007 0.004


0% 0 0 0% 0 0 133 0.008 0.005


0% 0 0 0% 0 0 124 0.007 0.004


0% 0 0 0% 0 0 105 0.006 0.004


0% 0 0 0% 0 0 128 0.007 0.005


0% 0 0 0% 0 0 152 0.008 0.006


0% 0 0 0% 0 0 245 0.01 0.009


0% 0 0 0% 0 0 341 0.02 0.01


0% 0 0 0% 0 0 406 0.02 0.02


0% 0 0 0% 0 0 577 0.03 0.02


0% 0 0 0% 0 0 699 0.04 0.03


0% 0 0 0% 0 0 908 0.04 0.03


0% 0 0 0% 0 0 992 0.05 0.04


0% 0 0 0% 0 0 1,054 0.05 0.04


0% 0 0 0% 0 0 1,038 0.04 0.04


0% 0 0 0% 0 0 1,489 0.06 0.05


0% 0 0 0% 0 0 2,041 0.07 0.07


0% 0 0 0% 0 0 2,397 0.08 0.08


0% 0 0 0% 0 0 2,777 0.08 0.10


0% 0 0 0% 0 0 3,202 0.08 0.10


0% 0 0 11% 55,181 4,094,515 3,564 0.09 0.11


0% 0 0 19% 104,083 8,057,835 3,972 0.09 0.12


0% 0 0 28% 165,686 13,373,712 4,316 0.10 0.13


0% 0 0 35% 230,572 19,392,012 4,689 0.10 0.14


1% 6,940 342,764 45% 312,699 27,385,272 4,874 0.11 0.14


2% 11,089 569,948 60% 443,977 40,464,086 4,946 0.10 0.13


2% 15,521 829,789 66% 512,639 48,598,179 5,125 0.11 0.13


3% 20,424 1,135,449 72% 588,656 58,032,030 5,308 0.11 0.13


3% 25,426 1,469,398 70% 593,742 60,846,186 5,631 0.11 0.13


4% 30,924 1,856,231 68% 601,311 64,002,976 5,997 0.11 0.13


4% 36,403 2,268,342 66% 601,159 66,424,848 6,304 0.12 0.13


5% 41,942 2,710,805 64% 597,030 68,425,079 6,582 0.12 0.13


5% 47,943 3,207,935 62% 595,027 70,600,721 6,889 0.12 0.13


6% 53,466 3,690,215 60% 583,811 71,452,118 7,078 0.12 0.13


6% 52,819 3,748,591 58% 511,073 64,318,157 6,473 0.11 0.11


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-17) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-19. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-90. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)


2001 100% 17,581 492,838 0% 0 0 0 0% 1 13


2002 100% 17,396 519,815 0% 0 0 0 0% 7 79


2003 100% 18,261 584,063 0% 0 0 0 0% 1 12


2004 100% 17,485 620,429 0% 0 0 0 0% 1 8


2005 100% 19,931 744,101 0% 0 0 0 0% 1 11


2006 100% 20,294 810,536 0% 0 0 0 0% 1 13


2007 100% 21,610 895,705 0% 0 0 0 0% 2 26


2008 100% 17,913 797,202 0% 0 0 0 0% 8 112


2009 100% 14,142 635,358 0% 0 0 0 0% 2 35


2010 100% 16,923 735,246 0% 1 3 15 0% 9 147


2011 99% 16,799 809,857 0% 30 158 790 1% 101 1,691


2012 98% 25,037 1,225,371 1% 300 1,692 8,301 1% 133 2,322


2013 97% 31,446 1,584,333 2% 594 3,560 17,255 1% 442 8,105


2014 96% 32,442 1,745,658 3% 890 5,695 27,363 1% 489 9,437


2015 97% 41,547 2,333,580 2% 708 4,833 22,999 2% 777 15,810


2016 95% 46,072 2,687,564 2% 841 6,105 28,783 3% 1,354 28,787


2017 91% 52,700 3,274,039 4% 2,391 18,339 86,121 5% 2,789 62,457


2018 87% 52,549 3,444,774 4% 2,479 20,175 94,087 9% 5,607 132,466


2019 88% 52,919 3,622,227 3% 2,063 18,391 80,115 8% 4,832 120,601


2020 86% 51,080 3,577,777 4% 2,469 23,635 98,982 9% 5,552 146,669


2021 85% 72,808 5,249,034 4% 3,832 39,919 157,067 10% 8,696 241,288


2022 84% 101,322 7,527,271 5% 5,592 67,570 218,488 11% 13,037 379,660


2023 84% 122,476 9,364,450 5% 6,792 88,932 269,022 11% 16,572 506,226


2024 83% 148,333 11,660,897 5% 8,175 115,750 327,717 12% 21,161 677,755


2025 83% 179,162 14,468,745 5% 9,889 151,350 399,826 12% 26,443 887,822


2026 73% 188,593 15,626,267 5% 13,293 213,382 560,696 11% 27,875 979,732


2027 64% 195,188 16,940,600 6% 18,698 314,629 823,959 11% 33,642 1,237,162


2028 54% 191,955 17,435,060 7% 25,213 444,407 1,160,110 11% 40,244 1,547,489


2029 45% 182,978 17,379,767 8% 32,720 603,637 1,571,051 12% 46,994 1,888,561


2030 33% 151,854 15,069,157 9% 41,417 799,032 2,073,706 12% 54,961 2,306,853


2031 16% 82,041 8,500,426 10% 51,278 1,033,837 2,675,905 12% 63,806 2,794,484


2032 8% 45,406 4,908,616 11% 62,436 1,314,527 3,393,898 13% 73,465 3,355,569


2033 0% 0 0 12% 73,977 1,625,355 4,186,579 13% 82,874 3,945,769


2034 0% 0 0 13% 86,845 1,989,837 5,114,021 14% 93,146 4,620,214


2035 0% 0 0 14% 99,556 2,377,278 6,096,962 14% 102,708 5,304,658


2036 0% 0 0 15% 113,519 2,823,202 7,226,411 15% 113,089 6,078,593


2037 0% 0 0 16% 127,002 3,288,080 8,399,445 15% 122,582 6,853,300


2038 0% 0 0 17% 141,911 3,822,420 9,746,350 16% 133,090 7,734,893


2039 0% 0 0 18% 155,741 4,362,607 11,103,067 16% 142,272 8,592,249


2040 0% 0 0 19% 171,206 4,983,044 12,661,348 17% 152,673 9,574,300


2041 0% 0 0 21% 194,709 5,885,170 14,930,435 17% 161,732 10,526,066


2042 0% 0 0 23% 218,143 6,840,270 17,334,125 18% 170,183 11,485,753


2043 0% 0 0 25% 243,564 7,905,571 20,027,869 18% 179,686 12,554,052


2044 0% 0 0 27% 266,180 8,907,835 22,578,739 19% 186,753 13,462,578


2045 0% 0 0 29% 258,336 8,883,750 22,542,040 20% 182,113 13,505,452


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-90. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2045
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2001


2002


2003


2004


2005


2006


2007


2008


2009


2010


2011


2012


2013


2014


2015


2016


2017


2018


2019


2020


2021


2022


2023


2024


2025


2026


2027


2028


2029


2030


2031


2032


2033


2034


2035


2036


2037


2038


2039


2040


2041


2042


2043


2044


2045


Model Year


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O


0% 0 0 0% 0 0 40 0.01 0.006


0% 0 0 0% 0 0 43 0.01 0.006


0% 0 0 0% 0 0 48 0.01 0.006


0% 0 0 0% 0 0 51 0.005 0.002


0% 0 0 0% 0 0 61 0.005 0.002


0% 0 0 0% 0 0 66 0.005 0.002


0% 0 0 0% 0 0 73 0.005 0.003


0% 0 0 0% 0 0 65 0.005 0.003


0% 0 0 0% 0 0 52 0.003 0.002


0% 0 0 0% 0 0 60 0.004 0.003


0% 0 0 0% 0 0 66 0.004 0.003


0% 0 0 0% 0 0 101 0.006 0.004


0% 0 0 0% 0 0 131 0.008 0.006


0% 0 0 0% 0 0 145 0.009 0.006


0% 0 0 0% 0 0 193 0.01 0.008


0% 0 0 0% 0 0 222 0.01 0.009


0% 0 0 0% 0 0 275 0.02 0.01


0% 0 0 0% 0 0 290 0.02 0.01


0% 0 0 0% 0 0 303 0.02 0.01


0% 0 0 0% 0 0 301 0.01 0.01


0% 0 0 0% 0 0 443 0.02 0.02


0% 0 0 0% 0 0 634 0.03 0.03


0% 0 0 0% 0 0 789 0.03 0.03


0% 0 0 0% 0 0 982 0.03 0.04


0% 0 0 0% 0 0 1,217 0.04 0.04


0% 0 0 11% 28,585 1,679,959 1,463 0.04 0.05


0% 0 0 19% 57,453 3,536,887 1,744 0.05 0.06


0% 0 0 28% 98,060 6,317,542 2,040 0.06 0.07


0% 0 0 35% 143,926 9,696,491 2,345 0.06 0.08


1% 4,602 182,656 45% 207,330 14,593,409 2,598 0.07 0.08


2% 7,691 318,766 60% 307,941 22,631,158 2,768 0.07 0.09


2% 11,351 490,862 66% 374,915 28,748,236 3,033 0.08 0.09


3% 15,411 694,843 72% 444,190 35,512,951 3,250 0.08 0.10


3% 20,040 941,479 70% 467,982 38,985,640 3,611 0.09 0.10


4% 24,888 1,217,544 68% 483,939 41,981,025 3,936 0.09 0.11


4% 30,271 1,541,123 66% 499,887 45,129,386 4,286 0.10 0.11


5% 35,718 1,891,513 64% 508,433 47,744,836 4,597 0.10 0.12


5% 41,737 2,298,544 62% 518,010 50,586,704 4,940 0.10 0.12


6% 47,586 2,724,265 60% 519,604 52,748,816 5,228 0.11 0.12


6% 54,063 3,214,741 58% 523,116 55,158,378 5,553 0.11 0.12


7% 60,266 3,720,156 55% 510,456 55,875,571 5,797 0.11 0.12


7% 66,390 4,250,840 52% 493,711 56,055,334 6,009 0.12 0.12


8% 73,068 4,843,180 49% 477,919 56,173,405 6,239 0.12 0.12


8% 78,867 5,391,525 46% 454,032 55,039,824 6,355 0.12 0.11


9% 75,718 5,321,533 42% 374,633 46,689,015 5,668 0.11 0.10


Notes:


Abbreviations:


BEV - battery electric vehicle ICEV - internal combustion engine vehicle


CH4 - methane MJ - megajoule


CO2 - carbon dioxide N2O - nitrous oxide


EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as described 
in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-20) and the daily average VMT per 
vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-22. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-91. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day)
Fuel Consumption3


(MJ of electricity/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of electricity/day)
2006 100% 17,095 495,171 0% 0 0 0 0% 1 9
2007 100% 17,938 537,342 0% 0 0 0 0% 2 18
2008 100% 14,711 473,301 0% 0 0 0 0% 6 73
2009 100% 11,643 378,435 0% 0 0 0 0% 2 24
2010 100% 13,584 427,686 0% 0 2 9 0% 8 94
2011 99% 13,206 463,001 0% 24 89 472 1% 79 1,039
2012 98% 18,883 674,484 1% 226 915 4,745 1% 100 1,368
2013 97% 22,656 836,306 2% 428 1,850 9,427 1% 314 4,504
2014 96% 21,908 865,904 3% 601 2,783 14,018 1% 326 4,894
2015 97% 26,586 1,101,721 2% 453 2,250 11,180 2% 491 7,761
2016 95% 27,295 1,177,776 2% 498 2,640 12,955 3% 790 13,009
2017 91% 29,325 1,351,831 4% 1,329 7,482 36,484 5% 1,525 26,393
2018 87% 27,113 1,322,228 4% 1,278 7,675 37,071 9% 2,868 52,384
2019 89% 25,304 1,294,975 3% 986 6,516 29,339 8% 2,292 44,244
2020 86% 22,760 1,198,129 4% 1,100 7,856 33,925 9% 2,474 50,596
2021 85% 30,740 1,673,570 4% 1,618 12,642 51,178 10% 3,671 78,995
2022 84% 40,577 2,287,454 5% 2,239 20,404 67,892 11% 5,221 118,112
2023 84% 47,100 2,747,369 5% 2,612 25,936 80,590 11% 6,373 151,554
2024 83% 55,817 3,364,077 5% 3,076 33,204 96,428 12% 7,963 198,997
2025 83% 67,473 4,197,128 5% 3,724 43,672 118,177 12% 9,959 261,533
2026 73% 72,435 4,648,637 5% 5,106 63,096 169,481 11% 10,706 295,109
2027 64% 77,932 5,265,063 6% 7,465 97,197 259,783 11% 13,432 388,383
2028 54% 80,799 5,740,711 7% 10,613 145,462 387,002 11% 16,940 513,531
2029 45% 82,363 6,147,303 8% 14,728 212,290 562,357 12% 21,153 672,043
2030 33% 73,193 5,733,398 9% 19,963 302,330 797,667 12% 26,491 881,507
2031 16% 42,508 3,491,042 10% 26,569 422,328 1,110,127 12% 33,060 1,150,817
2032 8% 25,069 2,156,590 11% 34,471 574,562 1,505,169 13% 40,561 1,476,533
2033 0% 0 0 12% 43,793 764,692 1,996,805 13% 49,059 1,866,872
2034 0% 0 0 13% 54,221 991,090 2,580,166 14% 58,155 2,312,330
2035 0% 0 0 14% 66,023 1,262,125 3,276,391 14% 68,113 2,828,333
2036 0% 0 0 15% 78,754 1,573,418 4,073,466 15% 78,456 3,400,494
2037 0% 0 0 16% 92,899 1,938,309 5,005,480 15% 89,666 4,054,250
2038 0% 0 0 17% 107,102 2,332,093 6,008,183 16% 100,445 4,735,158
2039 0% 0 0 18% 122,771 2,787,972 7,166,600 16% 112,154 5,509,269
2040 0% 0 0 19% 137,813 3,261,655 8,366,537 17% 122,895 6,287,011
2041 0% 0 0 21% 161,941 3,991,943 10,219,595 17% 134,514 7,162,592
2042 0% 0 0 23% 185,855 4,769,579 12,185,731 18% 144,994 8,031,750
2043 0% 0 0 25% 212,254 5,667,200 14,452,086 18% 156,587 9,018,092
2044 0% 0 0 27% 237,373 6,591,554 16,777,936 19% 166,542 9,968,351
2045 0% 0 0 29% 265,259 7,653,819 19,449,674 20% 186,993 11,623,187
2046 0% 0 0 31% 291,484 8,734,530 22,161,339 22% 206,327 13,312,214
2047 0% 0 0 33% 317,037 9,856,021 24,978,510 23% 225,225 15,070,796
2048 0% 0 0 35% 344,892 11,098,127 28,117,477 25% 245,793 17,025,566
2049 0% 0 0 37% 368,269 12,217,195 30,967,861 26% 263,197 18,805,200
2050 0% 0 0 39% 350,007 11,929,675 30,270,840 28% 250,779 18,424,345


Model Year


Internal Combustion Engine Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle
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Table A-91. Light Duty Auto Fleet Mix and Tailpipe GHG Emissions for Scenario 4c in Calendar Year 2050
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050


Model Year
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of hydrogen/day)
Fleet Mix1 


(%)
Population2 


(vehicles)
Fuel Consumption3


(MJ of gasoline/day) CO2 CH4 N2O
0% 0 0 0% 0 0 41 0.004 0.002
0% 0 0 0% 0 0 44 0.004 0.002
0% 0 0 0% 0 0 39 0.003 0.002
0% 0 0 0% 0 0 31 0.002 0.001
0% 0 0 0% 0 0 35 0.003 0.002
0% 0 0 0% 0 0 38 0.003 0.002
0% 0 0 0% 0 0 56 0.004 0.003
0% 0 0 0% 0 0 69 0.005 0.003
0% 0 0 0% 0 0 72 0.005 0.003
0% 0 0 0% 0 0 91 0.006 0.004
0% 0 0 0% 0 0 97 0.007 0.005
0% 0 0 0% 0 0 114 0.008 0.005
0% 0 0 0% 0 0 111 0.007 0.005
0% 0 0 0% 0 0 108 0.006 0.005
0% 0 0 0% 0 0 101 0.006 0.004
0% 0 0 0% 0 0 141 0.008 0.006
0% 0 0 0% 0 0 193 0.009 0.009
0% 0 0 0% 0 0 232 0.01 0.01
0% 0 0 0% 0 0 283 0.01 0.01
0% 0 0 0% 0 0 353 0.01 0.01
0% 0 0 11% 10,979 499,769 435 0.01 0.02
0% 0 0 19% 22,939 1,099,249 542 0.02 0.02
0% 0 0 28% 41,276 2,080,130 672 0.02 0.03
0% 0 0 35% 64,784 3,429,693 830 0.03 0.03
1% 2,218 69,496 45% 99,932 5,552,389 989 0.03 0.04
2% 3,985 130,914 60% 159,555 9,294,397 1,138 0.03 0.04
2% 6,267 215,659 66% 206,994 12,630,474 1334 0.039 0.047
3% 9,123 328,539 72% 262,949 16,791,411 1,538 0.04 0.05
3% 12,512 471,192 70% 292,179 19,511,549 1,809 0.05 0.06
4% 16,505 649,413 68% 320,935 22,391,802 2,102 0.06 0.07
4% 21,000 862,736 66% 346,800 25,263,881 2,402 0.06 0.07
5% 26,127 1,119,909 64% 371,908 28,268,312 2,724 0.07 0.08
5% 31,500 1,407,816 62% 390,948 30,983,413 3,029 0.08 0.09
6% 37,512 1,746,949 60% 409,607 33,825,447 3,356 0.08 0.09
6% 43,519 2,110,460 58% 421,086 36,211,173 3,650 0.09 0.10
7% 50,123 2,529,742 55% 424,551 37,995,927 3,948 0.09 0.10
7% 56,563 2,969,544 52% 420,635 39,159,026 4,204 0.10 0.10
8% 63,675 3,476,503 49% 416,483 40,322,062 4,484 0.10 0.11
8% 70,331 3,991,911 46% 404,896 40,751,749 4,710 0.11 0.11
9% 77,747 4,583,546 42% 384,672 40,214,217 4,885 0.11 0.11
9% 84,623 5,179,312 38% 357,821 38,834,824 4,994 0.11 0.10
10% 91,267 5,794,057 34% 327,175 36,831,648 5,061 0.11 0.10
10% 98,539 6,475,841 30% 296,167 34,514,000 5,128 0.11 0.10
11% 104,507 7,082,894 26% 259,335 31,167,115 5,087 0.11 0.09
11% 98,719 6,877,273 22% 197,938 24,452,151 4,480 0.10 0.08


Notes:


Abbreviations:
BEV - battery electric vehicle ICEV - internal combustion engine vehicle
CH4 - methane MJ - megajoule
CO2 - carbon dioxide N2O - nitrous oxide
EMFAC - EMission FACtor Model PHEV - plug-in hybrid electric vehicle


Fuel Cell Electric Vehicle Hybrid Electric Vehicle
Tailpipe Emission Estimates4 


(tons/day)


1 Fleet mix percentages for each alternative vehicle technology are determined based on the specific fleet mix assumptions in each scenario, as 
described in Section 2 of the report.
2 Population in each model year is calculated based on the fleet mix percentages for each vehicle type and the total population in the EMFAC data. As 
described in Section 2 of the report, only ICEVs in the EMFAC2021 default fleet are replaced with other vehicle types as applicable in each scenario.  
Therefore, the existing population of PHEVs and BEVs in EMFAC2021 defaults serves as the minimum population of these vehicle technologies in all 
scenarios.
3 Fuel consumption values are calculated based on fuel economies for each vehicle technology (obtained from Table A-23) and the daily average VMT 
per vehicle. Refer to Sections 3.1 and 3.3 of the report for additional details. 
4 Tailpipe emissions from vehicles in each model year shown here are calculated based on fuel consumption and emission factors for each vehicle 
technology shown in Table A-25. Reductions in tailpipe emission from the use of renewable drop-in fuels are accounted for separately. 
5 Values in shaded cells are zero. Numbers may not add due to rounding.
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Table A-92. GREET 2021 Model U.S. Electricity Grid Mix Inputs for Model Year 2026 Light Duty Autos
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Residual Oil Natural Gas Coal Nuclear Biomass Others Hydroelectric Geothermal Wind Solar PV Others


United States 2020 1% 41% 19% 20% 2% 18% 38% 2% 46% 12% 2%


Notes:


Abbreviations:


% - percentage


eGRID - Emissions & Generation Resource Integrated Database


GREET - Greenhouse Gases, Regulated Emissions, and Energy Use in Technologies Model


PV - photovoltaic


U.S. - United States


USEPA - United States Environmental Protection Agency


2 Electricity mix columns are based on available input fields in the GREET1 model of GREET2021. See 'Fuel_Prod_TS' tab, section 'Electric Generation Mixes'. Available at: 
https://greet.es.anl.gov/greet_excel_model.models. Accessed: May 2022.
3 Renewable electricity mix columns are based on available input fields in the GREET1 model of GREET2021. See 'Fuel_Prod_TS' tab, section 'Shares of Technologies for Other Power 
Plants'. Available at: https://greet.es.anl.gov/greet_excel_model.models. Accessed: May 2022.


Country Year


Overall Electricity Mix1,2 


(% per Energy Source)


Electricity Mix for the "Others" Energy Source
in the Overall Electric Mix1,3 


(% per Energy Source)


1 Electricity mixes obtained from the USEPA's Emissions & Generation Resource Integrated Database (eGRID) 2020 summary data. Available online at: 
https://www.epa.gov/system/files/documents/2022-01/egrid2020_summary_tables.pdf. Accessed: May 2022.
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Table A-93. GREET 2021 Model International Electricity Grid Mix Inputs for Model Year 2026 Light Duty Autos
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Petroleum Natural Gas Coal Biomass Nuclear Hydroelectric Others


Chile 2020 40% 14% 16% 21% 0% 5% 4%


South Africa for PGM Production 2019 16% 3% 72% 6% 2% 0% 1%


Australia 2020 32% 29% 30% 5% 0% 1% 3%


Brazil 2019 36% 11% 5% 32% 1% 12% 2%


Canada 2020 32% 38% 4% 5% 9% 11% 1%


China 2019 19% 7% 61% 4% 3% 3% 3%


Finland 2020 24% 7% 9% 32% 20% 5% 2%


Japan 2020 37% 24% 28% 4% 3% 2% 3%


New Caledonia3 2016 58% 0% 39% 0% 0% 2% 1%


Norway 2020 33% 15% 3% 6% 0% 40% 3%


Russia 2019 19% 54% 16% 1% 7% 2% 0%


Alberta4 2020 32% 38% 4% 5% 9% 11% 1%


Congo for Cobalt Production 2019 22% 25% 0% 50% 0% 2% 0%


Korea 2020 36% 18% 27% 3% 15% 0% 1%


Europe 2019 32% 26% 14% 9% 12% 3% 4%


Chile Grid for Lithium 2020 40% 14% 16% 21% 0% 5% 4%


Singapore 2019 70% 27% 1% 2% 0% 0% 0%


Indonesia 2019 31% 16% 29% 13% 0% 1% 10%


Notes:


Abbreviations:


% - percentage


GREET - Greenhouse Gases, Regulated Emissions, and Energy Use in Technologies Model


IEA - International Energy Agency


IRENA - International Renewable Energy Agency


PGM - platinum group metals


3 New Caledonia electric mix obtained from International Renewable Energy Agency (IRENA) country profile data. Available at: https://islands.irena.org/-
/media/Files/IRENA/Sids/CountryProfile/New-Caledonia_Oceania_RE_CP.ashx?la=en&hash=6E9BEE26AA69FD35630BE47B3628F4A780C0DD10. Accessed: May 
2022.
4 Alberta electricity mix is assumed to be equivalent to national Canadian electric grid mix. 


Country Year


Electricity Mix1,2 


(% per Energy Source)


1 Electricity mixes obtained from most recent International Energy Agency (IEA) energy supply data for each region, unless otherwise noted. Available at: 
https://www.iea.org/countries. Accessed: May 2022.
2 Electricity mix columns are based on available input fields in the GREET1 model of GREET2021. See 'Electric' tab. Available at: 
https://greet.es.anl.gov/greet_excel_model.models. Accessed: May 2022.
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Table A-94. GREET 2021 Model Inputs for Model Year 2026 Light Duty Autos


Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


GREET Input Parameter Input for ICEV
1


Input for HEV
1


Input for BEV
1


Input for PHEV
1


Battery Chemistry N/A Ni-MH Li-ion Li-ion


Cathode Material
2 N/A N/A NMC622 NMC111


Percent Recycled Battery Materials in 


Li-ion Battery


(%)


N/A N/A 0% 0%


Li-ion/Ni-MH Battery Replacement N/A 0 0 0


Peak Battery Power 


(kW)
N/A 36 N/A N/A


Peak Battery Energy
3,4 


(kWh)
N/A N/A 81 14


Battery Specific Power 


(W/kg)
N/A 800 N/A N/A


Battery Specific Energy 


(Wh/kg)
N/A N/A 241 Wh/kg 174 Wh/kg


Battery Production and Assembly 


Share by Country
5 


(% by Country)


N/A 100% US


77% US


13% Japan


5% Korea


4% Europe


1% Other (China)


77% US


13% Japan


5% Korea


4% Europe


1% Other (China)


Battery Materials Production Share by 


Country 


(% by Country)


N/A
N/A


LiOH - 80% Ore-China/


20% Brine-Chile 


Li2CO3 - 45% Brine-Chile/


55% Ore-China


LiOH - 80% Ore-China/


20% Brine-Chile 


Li2CO3 - 45% Brine-Chile/


55% Ore-China


Energy Input of Battery Assembly N/A Ni-MH: 2.3 MMBtu/ton Li-ion: 0.161 MMBtu/kWh Li-ion: 0.161 MMBtu/kWh


Energy Use of Vehicle Assembly, 


Disposal, and Recycling
6 GREET 2021 default GREET 2021 default GREET 2021 default GREET 2021 default


Transportation Distance for Vehicle 


Materials
7 GREET 2021 default GREET 2021 default GREET 2021 default GREET 2021 default


Notes:


References:


Abbreviations:


% - percentage Li-ion - lithium-ion


ACC - Advanced Clean Cars LiOH - lithium hydroxide


BEV - battery electric vehicle Li2CO3 - lithium carbonate


CARB - California Air Resources Board Ni-MH - nickel metal hydride


EMFAC - EMission FACtors Model MMBtu - Million British Thermal Units


GREET - Greenhouse Gases, Regulated Emissions, and Energy Use in Technologies Model MPGe - Miles per Gallon Equivalent


HEV - hybrid electric vehicle NMC - nickel manganese cobalt


ICCT - International Council on Clean Transportation PHEV - plug-in hybrid electric vehicle


ICEV - internal combustion engine vehicle SOC - state of charge


kg - kilogram US - United States


kW - kilowatts VMT - Vehicle Miles Travelled


kWh - kilowatt-hours W - watt


LCA - life cycle assessment Wh - watt-hour


Li - lithium ZEV - zero emission vehicle


1
 GREET 2021 default inputs used unless otherwise noted. Non-default values are indicated by the shaded cells.


[E] Zhou, Yan, Gohlke, David, Rush, Luke, Kelly, Jarod, and Dai, Qiang. 2021. "Lithium-Ion Battery Supply Chain for E-Drive Vehicles in the United States: 2010–2020". Available at: 


https://www.osti.gov/biblio/1778934-lithium-ion-battery-supply-chain-drive-vehicles-united-states. Accessed: May 2022.


2
 For BEVs, a battery cathode material of NMC622 is assumed since this is the NMC ratio most commonly used in BEV batteries as of 2021 (Reference A). For PHEVs, there is no option 


for NMC622 in the GREET model, and so the GREET 2021 default battery chemistry of NMC111 is used.


3
 Peak battery energy for BEVs is calculated as a function of the minimum range from the draft ACC II regulation (200 miles, Reference B), fuel economy from EMFAC2021 (2.59 


miles/kWh, Reference C), and the BEV battery SOC utilization from the October 2021 version of the CARB cost workbook (95%, Reference D). A newer version of the CARB cost 


workbook was released in late April 2022 (after completion of this analysis), which assumed a lower SOC utilization for BEV batteries of 92.5%. However, this does not change the 


overall conclusions of the analysis.  


4
 Peak battery energy for PHEVs is calculated as a function of the minimum range from the draft ACC II regulation (40 miles for US06 cycle, Reference B), fuel economy from 


EMFAC2021 for electric vehicle miles travelled (3.31 miles/kWh, Reference C), and the PHEV battery SOC utilization from the October 2021 version of the CARB cost workbook (85%, 


Reference D). A newer version of the CARB cost workbook was released in late April 2022 (after completion of this analysis), which assumed a lower SOC utilization for PHEV batteries 


of 80%. However, this does not change the overall conclusions of the analysis.


5
 Li-ion battery production and assembly shares by country are based on BEV sales and production data for 2020 (Reference E, Figure A-60).


[A] ICCT. 2021. "A global comparison of the life-cycle greenhouse gas emissions of combustion engine and electric passenger cars". July 20. Available at: 


https://theicct.org/publication/a-global-comparison-of-the-life-cycle-greenhouse-gas-emissions-of-combustion-engine-and-electric-passenger-cars/. Accessed: May 2022.


[B] CARB. 2022. Appendix A-5: Proposed Regulation Order for Section 1962.4 Zero-Emission Vehicle Standards for 2026 and Subsequent Model Year Passenger Cars and Light-Duty 


Trucks. April 12. Available at: https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appa5.pdf. Accessed: May 2022.


[D] CARB. 2021. "ZEV Cost Modeling Workbook October 2021". Available at: https://ww2.arb.ca.gov/sites/default/files/2021-


11/ZEV_Cost_Modeling_Workbook_Update_October2021.xlsx. Accessed: January 2022.


[C] CARB. 2022. EMFAC2021 v1.0.1 Model. Available at: https://arb.ca.gov/emfac/emissions-inventory/. Accessed: January 2022.


6
 Includes energy use for multiple vehicle processes including assembly, disposal, and recycling. Refer to tab "Vehi_Inputs" in the GREET 2021 model for further details.


7
 Includes distances for multiple modes of transport across various countries. Refer to tab "GREET2_Factors_T&D" in the GREET 2021 model for further details.
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Table A-95. Vehicle Cycle Emission Factors for Model Year 2026 Light-Duty Autos
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Internal Combustion 
Engine Vehicle Hybrid Electric Vehicle Battery Electric Vehicle


Plug-in Hybrid 
Electric Vehicle


Vehicle Material Production2 4.89 4.73 3.81 5.35


Vehicle Assembly3 0.69 0.69 0.69 0.69


Lead Acid Battery Assembly4,5,6 0.01 0.01 0.01 0.01


Lead Acid Battery Materials4,5,6 0.03 0.02 0.02 0.02


Ni-MH Battery Assembly5 N/A 0.01 N/A N/A


Ni-MH Battery Materials5 N/A 0.31 N/A N/A


Li-ion Battery Assembly6 N/A N/A 1.14 0.20


Li-ion Battery Materials6 N/A N/A 4.25 0.91


End of Life7 0.18 0.18 0.18 0.18


Total 5.8 5.9 10.1 7.4


Notes:


Abbreviations:


ANL - Argonne National Laboratory ICEV - internal combustion engine vehicle


BEV - battery electric vehicle Li-ion - lithium ion


CO2e - carbon dioxide equivalent MT - metric ton


GHG - greenhouse gas Ni-MH - Nickel–metal hydride


GREET - Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model N/A - not applicable


HEV - hybrid electric vehicle PHEV - plug-in hybrid electric vehicle


HVAC - heating, ventilation, and cooling


4 Battery materials and assembly for ICEVs incorporate emissions associated with the production and assembly of lead-acid batteries. The values presented 
in the table account for two lead-acid battery replacements over the vehicle lifetime, based on GREET default assumptions.


6 Battery materials and assembly for BEVs and PHEVs are emissions associated with the production and assembly of both lead-acid and Li-ion batteries. The 
values presented include two lead-acid battery replacements but no Li-ion battery replacements over the vehicle lifetime, based on GREET default 
assumptions.


7 End of life emissions are based on vehicle disposal and recycling, and exclude any emissions associated with lithium-ion battery disposal and recycling. 


Vehicle Life Cycle Stage


1 Emissions are estimated using the Argonne National Laboratory (ANL) 2021 Greenhouse gases, Regulated Emissions, and Energy use in Technologies 
(GREET) Model. Available online at: https://greet.es.anl.gov/. Accessed: May 2022. Refer to Table A-94 for further details on GREET model inputs.
2 Vehicle material production incorporates emissions associated with the production of vehicle components, fluids, and paints. 
3 Vehicle assembly incorporates emissions associated with vehicle painting, HVAC & lighting, heating, material handling, welding, and compressed air 
processes. GREET assumes equivalent emissions for vehicle assembly across all vehicle technologies.


Vehicle Cycle GHG Emissions1 


(MT CO2e / vehicle)


5 Battery materials and assembly for HEVs are emissions associated with the production and assembly of both lead-acid and Ni-MH batteries. The values 
presented include two lead-acid battery replacements but no Ni-MH battery replacements over the vehicle lifetime, based on GREET default assumptions.
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Table A-96. Estimating Vehicle Cycle Emissions for Scenario Analysis
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


ICEV HEV PHEV BEV ICEV HEV PHEV BEV ICEV HEV PHEV BEV


2026 2026 917,512 85% 0% 4% 11% 780,478 0 38,036 98,998 4,526,980 0 279,738 999,462 5,806,180


2030 2030 936,884 84% 0% 4% 12% 787,505 0 37,480 111,899 4,567,739 0 275,646 1,129,709 5,973,094


2035 2035 958,020 84% 0% 4% 12% 805,271 0 38,326 114,423 4,670,786 0 281,864 1,155,195 6,107,846


2040 2040 975,203 84% 0% 4% 12% 819,714 0 39,013 116,476 4,754,561 0 286,920 1,175,915 6,217,395


2045 2045 988,060 84% 0% 4% 12% 830,521 0 39,527 118,011 4,817,244 0 290,702 1,191,418 6,299,364


2050 2050 996,489 84% 0% 4% 12% 837,607 0 39,865 119,018 4,858,342 0 293,182 1,201,582 6,353,107


2026 2026 917,512 65% 0% 4% 31% 596,383 0 38,036 283,093 3,459,180 0 279,738 2,858,047 6,596,964


2030 2030 936,884 32% 0% 4% 64% 299,803 0 37,480 599,601 1,738,937 0 275,646 6,053,448 8,068,031


2035 2035 958,020 0% 0% 4% 96% 0 0 38,326 919,694 0 0 281,864 9,285,043 9,566,907


2040 2040 975,203 0% 0% 4% 96% 0 0 39,013 936,190 0 0 286,920 9,451,579 9,738,498


2045 2045 988,060 0% 0% 4% 96% 0 0 39,527 948,533 0 0 290,702 9,576,186 9,866,888


2050 2050 996,489 0% 0% 4% 96% 0 0 39,865 956,625 0 0 293,182 9,657,885 9,951,067


2026 2026 917,512 65% 0% 7% 28% 596,383 0 64,226 256,903 3,459,180 0 472,347 2,593,643 6,525,171


2030 2030 936,884 32% 0% 14% 54% 299,803 0 127,416 509,665 1,738,937 0 937,079 5,145,471 7,821,487


2035 2035 958,020 0% 0% 20% 80% 0 0 191,604 766,416 0 0 1,409,146 7,737,576 9,146,722


2040 2040 975,203 0% 0% 20% 80% 0 0 195,041 780,162 0 0 1,434,421 7,876,356 9,310,777


2045 2045 988,060 0% 0% 20% 80% 0 0 197,612 790,448 0 0 1,453,332 7,980,196 9,433,528


2050 2050 996,489 0% 0% 20% 80% 0 0 199,298 797,192 0 0 1,465,731 8,048,279 9,514,010


2026 2026 917,512 65% 0% 24% 11% 596,383 0 222,131 98,998 3,459,180 0 1,633,659 999,462 6,092,301


2030 2030 936,884 32% 0% 56% 12% 299,803 0 525,182 111,899 1,738,937 0 3,862,438 1,129,709 6,731,084


2035 2035 958,020 0% 0% 88% 12% 0 0 843,597 114,423 0 0 6,204,207 1,155,195 7,359,403


2040 2040 975,203 0% 0% 88% 12% 0 0 858,727 116,476 0 0 6,315,485 1,175,915 7,491,400


2045 2045 988,060 0% 0% 88% 12% 0 0 870,048 118,011 0 0 6,398,747 1,191,418 7,590,165


2050 2050 996,489 0% 0% 88% 12% 0 0 877,471 119,018 0 0 6,453,338 1,201,582 7,654,920


2026 2026 917,512 65% 20% 4% 11% 596,383 184,095 38,036 98,998 3,459,180 1,092,870 279,738 999,462 5,831,249


2030 2030 936,884 32% 52% 4% 12% 299,803 487,702 37,480 111,899 1,738,937 2,895,216 275,646 1,129,709 6,039,508


2035 2035 958,020 0% 84% 4% 12% 0 805,271 38,326 114,423 0 4,780,446 281,864 1,155,195 6,217,506


2040 2040 975,203 0% 84% 4% 12% 0 819,714 39,013 116,476 0 4,866,188 286,920 1,175,915 6,329,022


2045 2045 988,060 0% 84% 4% 12% 0 830,521 39,527 118,011 0 4,930,342 290,702 1,191,418 6,412,462


2050 2050 996,489 0% 84% 4% 12% 0 837,607 39,865 119,018 0 4,972,405 293,182 1,201,582 6,467,170


2026 2026 917,512 85% 0% 4% 11% 780,478 0 38,036 98,998 4,526,980 0 279,738 999,462 5,806,180


2030 2030 936,884 84% 0% 4% 12% 787,505 0 37,480 111,899 4,567,739 0 275,646 1,129,709 5,973,094


2035 2035 958,020 84% 0% 4% 12% 805,271 0 38,326 114,423 4,670,786 0 281,864 1,155,195 6,107,846


2040 2040 975,203 84% 0% 4% 12% 819,714 0 39,013 116,476 4,754,561 0 286,920 1,175,915 6,217,395


2045 2045 988,060 84% 0% 4% 12% 830,521 0 39,527 118,011 4,817,244 0 290,702 1,191,418 6,299,364


2050 2050 996,489 84% 0% 4% 12% 837,607 0 39,865 119,018 4,858,342 0 293,182 1,201,582 6,353,107


2026 2026 917,512 73% 11% 5% 11% 669,784 101,519 47,212 98,998 3,884,925 602,661 347,216 999,462 5,834,264


2030 2030 936,884 33% 45% 9% 13% 309,172 422,120 84,324 121,268 1,793,279 2,505,893 620,160 1,224,295 6,143,627


2035 2035 958,020 0% 68% 14% 18% 0 651,988 134,128 171,905 0 3,870,489 986,437 1,735,514 6,592,440


2040 2040 975,203 0% 58% 19% 23% 0 566,162 185,293 223,748 0 3,360,986 1,362,735 2,258,914 6,982,635


2045 2045 988,060 0% 42% 29% 29% 0 415,536 286,542 285,982 0 2,466,806 2,107,367 2,887,209 7,461,383


2050 2050 996,489 0% 22% 39% 39% 0 219,783 388,636 388,070 0 1,304,731 2,858,211 3,917,876 8,080,819


2026 2026 917,512 65% 20% 4% 11% 596,976 183,502 38,036 98,998 3,462,617 1,089,352 279,738 999,462 5,831,169


2030 2030 936,884 31% 50% 7% 12% 290,956 468,442 65,587 111,899 1,687,625 2,780,880 482,354 1,129,709 6,080,569


2035 2035 958,020 0% 80% 8% 12% 534 766,416 76,646 114,423 3,098 4,549,786 563,693 1,155,195 6,271,773


2040 2040 975,203 0% 57% 20% 23% 0 556,409 195,045 223,748 0 3,303,094 1,434,456 2,258,914 6,996,463


2045 2045 988,060 0% 23% 39% 38% 0 227,805 385,348 374,907 0 1,352,350 2,834,033 3,784,982 7,971,364


2050 2050 996,489 0% 19% 39% 42% 0 189,889 388,636 417,965 0 1,127,263 2,858,211 4,219,687 8,205,161


Notes:


Abbreviations:


ACC - Advanced Clean Cars CO2e - carbon dioxide equivalent MT - metric ton


BEV - battery electric vehicle HEV - hybrid electric vehicle PHEV - plug-in hybrid electric vehicle


CI - carbon intensity ICEV - internal combustion engine vehicle


1 Peak population for model year vehicle occurs in the calendar year subsequent to that model year. Since EMFAC2021 does not output fleet data for CY 2051, Ramboll estimated the peak population of MY 2050 vehicles (which would occur in CY 2051) by applying the percentage 
increase in MY 2049 vehicles from CY 2049 to CY 2050 to the MY 2050 vehicle population in CY 2050 Please see section 3.2.2 of the report for more details.
2 Fleet mix for the calendar year and model year for each scenario were obtained from Tables A-26 to A-91.
3 Estimated as a product of the fleet mix and peak vehicle population.
4 Calculated as a product of the vehicle population for each vehicle technology type and the vehicle cycle emissions obatained from Table A-95.
5 Calculated as a sum of the vehicle cycle emissions across all vehicle technology types.


S4a – Custom Fleet Mix 1


S2c – HEV + Low-CI Gas


S3a – Low-CI Gas
S3a1 – Low-CI Gas (Upper Range)
S3a2 – Low-CI Gas (Lower Range)


S3b – Low-CI Gas (Delayed)


S4b – Custom Fleet Mix 2


S0 - ACC I


S1a – ACC II (BEV)


S1b – ACC II (BEV + PHEV)


S2a – PHEV
S2b – PHEV + Low-CI Gas


Scenario


Total Vehicle Cycle 
Emissions for 


Calendar Year5


(MT CO2e)
Calendar 


Year
Model 
Year


Peak Vehicle 
Population1


Vehicle Cycle Emissions4


(MT CO2e)Vehicle Population for Each Vehicle Technology3Fleet Mix2


Page 1 of 1 Ramboll







Table A-97. Vehicle Cycle Emission Factors for Battery Replacement in BEVs
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


Model Year 2026 to 2050 
Vehicles1


Pre-2026 Model Year 
Vehicles2


Li-ion Battery Replacement 5.4 4.2


Notes:


Abbreviations:
ANL - Argonne National Laboratory kWh - kilowatt-hour
BEV - battery electric vehicle Li-ion - lithium ion
CO2e - carbon dioxide equivalent MT - metric ton
EMFAC - EMission FACtor Model MY - model year
GREET - Greenhouse gases, Regulated Emissions, and Energy use in Technologies Model
GHG - greenhouse gas


1Calculated as a sum of Li-ion battery production and Li-ion battery assembly emissions for a model year 
2026 BEV with a 81 kWh Li-ion battery, obtained from Table A-95. 
2 Estimated by scaling down the GHG emissions for Li-ion battery replacements in model year 2026-2050 
BEVs by the ratio of the Li-ion battery size for MY Pre-2026 vehicles3 (63 kWh) to the Li-ion battery size 
for MY 2026-2050 vehicles (81 kWh).


3 A Li-ion battery size of 63 kWh was used for Pre-2026 model year BEVs. This value is calculated as a 
weighted average of the battery sizes and cumulative sales of various BEV models from 2010-2020 in the 
United States, which are detailed in the Lithium-Ion Battery Supply Chain for E-Drive Vehicles in the 
United States 2010-2020  (available at: https://www.osti.gov/biblio/1778934-lithium-ion-battery-supply-
chain-drive-vehicles-united-states, accessed: May 2022).


Vehicle Life Cycle Stage


Vehicle Cycle GHG Emissions for BEVs
(MT CO2e/vehicle)
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Table A-98. Estimating Battery Replacement Emissions for Battery Electric Vehicles in the Scenario Analysis
Appendix A Tables - Scenario Analysis Assumptions and Detailed Methodology


2026 2017 43,901 183,990


2030 2021 63,072 264,335


2035 2026 77,601 418,146


2040 2031 88,297 475,782


2045 2036 90,386 487,040


2050 2041 92,102 496,283


2026 2017 43,901 183,990


2030 2021 63,072 264,335


2035 2026 221,906 1,195,725


2040 2031 532,274 2,868,120


2045 2036 726,491 3,914,650


2050 2041 740,279 3,988,946


2026 2017 43,901 183,990


2030 2021 63,072 264,335


2035 2026 201,377 1,085,106


2040 2031 449,479 2,421,985


2045 2036 605,413 3,262,226


2050 2041 616,903 3,324,139


2026 2017 43,901 183,990


2030 2021 63,072 264,335


2035 2026 77,601 418,146


2040 2031 88,297 475,782


2045 2036 90,386 487,040


2050 2041 92,102 496,283


2026 2017 43,901 183,990


2030 2021 63,072 264,335


2035 2026 77,601 418,146


2040 2031 88,297 475,782


2045 2036 90,386 487,040


2050 2041 92,102 496,283


2026 2017 43,901 183,990


2030 2021 63,072 264,335


2035 2026 77,601 418,146


2040 2031 88,297 475,782


2045 2036 90,386 487,040


2050 2041 92,102 496,283


2026 2017 43,901 183,990


2030 2021 63,072 264,335


2035 2026 77,601 418,146


2040 2031 103,082 555,453


2045 2036 143,360 772,485


2050 2041 184,637 994,904


2026 2017 43,901 183,990


2030 2021 63,072 264,335


2035 2026 77,601 418,146


2040 2031 88,297 475,782


2045 2036 143,360 772,485


2050 2041 184,637 994,904


Notes:


Abbreviations:


ACC - Advanced Clean Cars GHG - greenhouse gas
BEV - battery electric vehicle HEV - hybrid electric vehicle


CI - carbon intensity ICEV - internal combustion engine vehicle


CO2e - carbon dioxide equivalent MT - metric ton


FCEV - fuel cell electric vehicle PHEV - plug-in hybrid electric vehicle


3 Battery replacement emissions are estimated based on the GHG emission factor calculated in Table A-97.


2 Population of BEV for each respective model year that are still in the overall fleet in the respective calendar year. 
Please see Tables A-26 to A-91.


BEV Battery 
Replacement 
Emissions for 


Calendar Year3


(MT CO2e)


S0 - ACC I


S1a – ACC II (BEV)


S1b – ACC II (BEV + PHEV)


S2a – PHEV
S2b – PHEV + Low-CI Gas


Scenario
Calendar 


Year
Model 
Year1


Battery 
Electric Vehicle 


Population2


S2c – HEV + Low-CI Gas


S3a – Low-CI Gas
S3a1 – Low-CI Gas (Upper Range)
S3a2 – Low-CI Gas (Lower Range)


S3b – Low-CI Gas (Delayed)


S4a – Custom Fleet Mix 1


S4b – Custom Fleet Mix 2


1 Battery replacement emissions are assumed to occur in the ninth year of the battery electric vehicle lifetime. See 
section 3.3.3 in the report for more details.
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Date:		 May	17,	2022	
	
To:	 Western	States	Petroleum	Association	
	
From:		 Brad	Williams	
	 Chief	Economist		


Capitol	Matrix	Consulting	
	
Subject:							Impact	of	the	Advanced	Clean	Cars	II	(Internal	Combustion	Engine	Ban)	Regulation	on	


California	Businesses		


	
This	memo	is	in	response	to	your	request	that	we	identify	and	discuss	the	impacts	of	the	Advanced	
Clean	Cars	II	(ACC	II)	regulatory	proposal	on	California	businesses.	ACC	II	implements	Governor	
Newsom’s	executive	order	N-79-20	with	respect	to	the	light-duty	vehicle	segment	of	the	
transportation	market	by	curtailing	and	eventually	banning	sales	of	internal	combustion	engine	
powered	passenger	vehicles	and	trucks	in	California.	As	shown	in	Figure	1,	the	proposed	regulation	
requires	the	zero-emission	vehicles’	(ZEV)	share	of	new	light-duty	vehicle	sales	to	rise	from	about	
12	percent	today	to	26	percent	by	2026,	61	percent	by	2030,	and	100	percent	by	2035.	A	second	set	
of	provisions	require	more	rigid	emissions	standards	for	new	gasoline	and	diesel-powered	internal	
combustion	engine	(ICE)	vehicles	sold	during	this	transition	period.	
	
Figure	1	
Key	Provisions	of	the	Advanced	Clean	Cars	II	(Internal	Combustion	Engine	Ban)	
Proposed	Regulation	


Provision	 Main	Features	
ZEV	&	PHEV	Provisions	


Zero	emission	vehicle	(“ZEV”)	and	plug-in	hybrid	
electric	vehicle	(“PHEV”)	percent	sales	requirement	
for	light	duty	vehicles.		


Ø Starts	at	26%	in	2026,	rising	to	61%	by	2030	
and	100%	by	2035.		


Ø Covers	all	major	manufacturers	(small	
manufacturers	of	custom	cars	subject	to	
different	rules).		


Minimum	technical	requirements	and	assurance	
standards	for	vehicles	to	count	toward	standard.	


Ø Includes	minimum	range,	direct	current	(DC)	
charging	capability,	durability,	and	warranty	
requirements.		


Environmental	justice	flexibilities.	


Ø Provides	enhanced	ZEV	sales	credits	for	cars	
sold	at	discount	or	placed	(after	lease)	with	
households	in	economically	disadvantage	
communities.	
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Provision	 Main	Features	
Provisions	Affecting	Internal	Combustion	Engine	(ICE)	Vehicles	


Prevent	emission	“backsliding”	of	remaining	fleet.	


Ø Requires	that	emissions	standards	apply	to	
remaining	ICE	vehicles	sold	rather	than	whole	
fleet.	(Otherwise,	increased	ZEV	sales	would	
allow	for	higher	emissions	in	remaining	ICE	
fleet.)	


Reduce	cold-start	emissions	from	light-duty	
vehicles.	


Ø Requires	emissions	tests	and	standards	to	be	
based	on	“real-world”	laboratory	conditions.		


Ø This	includes	shorter	warm-up	period	between	
start	and	initiation	of	driving.	


Reduce	emissions	from	driving.	


Ø Lower	the	evaporative	emissions	cap.	
Ø Control	in-use	emissions	for	medium-duty	


vehicles	while	towing.	
Ø Lower	fleet	average	caps	for	medium-duty	


fleets.	
Ø Limit	emissions	from	medium-duty	vehicles	


under	aggressive	driving	conditions.	
	


Key	Impacts	of	the	ACC	II	Regulatory	Proposal	on	Businesses	
	
There	are	approximately	790,000	businesses	operating	in	California,	employing	about	15.5	million		
workers.	The	ACC	II	regulation	would	have	multiple	effects	on	most	of	these	businesses,	as	
highlighted	in	Figure	2.		
	
Figure	2	
Key	Effects	of	the	ACC	II	(Internal	Combustion	Engine	Ban)	on	California	Businesses	
	


Type	of	impact	 Businesses	
Affected	 Consequences	


Higher	ZEV	prices	 Those	opting	to	
purchase	ZEVs.	


Ø $5,000	to	$8,000	price	increase	for	small	car	in	
2026.	


Ø $12,000	to	$16,000	price	increase	for	pickup	
with	towing	capability	in	2026.		


Ø Offsetting	future	operational	and	fueling	related	
savings	are	highly	uncertain.		ACC	II	SRIA	
estimates	do	not	take	into	productivity	losses.	


Higher	costs	for	ICE	
vehicles	and	petroleum-
based	fuels	


Those	continuing	to	
purchase	and	use	ICE	
vehicles	


Ø Compliance	with	new	emissions	provisions	–	
($80	to	$660	depending	on	type	of	vehicle).	


Ø Fewer	suppliers	of	replacement	parts,	
potentially	leading	to	higher	prices.		


Ø Phaseout	of	petroleum-based	fuel	supplies	and	
retail	outlets,	leading	to	higher	gasoline	and	
diesel	costs	and	fewer	retail	fueling	options.		
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Type	of	impact	 Businesses	
Affected	 Consequences	


Reduction	in	fuel	tax	
revenues	to	state	and	local	
governments	


All	businesses	 Ø $31	billion	reduction	in	excise	taxes	between	
2026	and	2040,	resulting	in:	
• Less	maintenance	and	fewer	road	


improvements.	
• More	traffic.	
• Deterioration	of	roads.	
• Faster	depreciation	of	vehicles.	
• Longer	travel	times	and	lost	productivity.	


Increase	in	utility	rates	to	
cover	costs	of	
electrification	of	
transportation	system.		


All	businesses	 Ø Higher	costs	for	heating,	cooling,	lighting,	
cooking,	industrial	boilers,	and	other	
equipment.	


Greater	exposure	to	
electrical	power	
disruptions		


All	businesses,	but	
especially	those	
converting	to	ZEVs	


Ø Widespread	loss	of	charging	capabilities.	
Ø Major	disruptions	to	vehicle	transportation.	


Customer-related	impacts	 All	businesses	 Ø Loss	of	customer	discretionary	income	tied	to	
higher	ZEV	purchase	prices,	and	lower	demand	
in	regions	affected	by	phase-out	of	Oil	&	Gas	
(O&G)	industry.	


Ø Pressure	for	business-financed	installation	of	
charging	outlets	in	parking	facilities.	


	
ACC	II	will	have	disparate	impacts	on	small	businesses.	The	impacts	shown	in	Figure	2	will	have	
different	effects	on	small	businesses	throughout	the	state.	Clearly,	businesses	with	large	vehicle	
fleets	and	significant	travel	requirements	will	be	hit	hard	by	the	regulation.	But	other	businesses	
will	also	bear	disproportionate	impacts.	For	example,	businesses	located	in	hot	inland	regions	will	
be	hit	harder	by	rising	electricity	rates	stemming	from	the	regulation	because	of	their	higher	
electricity	requirements	for	air	conditioning	and	refrigeration	as	compared	to	their	counterparts	
located	on	the	coast.	Also,	contractors	located	in	rural	areas	that	purchase	ZEVs	–	especially	those	
needing	to	travel	long	distances	–	will	face	greater	challenges	than	their	urban	counterparts	in	
finding	shared	charging	stations,	especially	during	the	transition	period	when	the	charging	network	
has	yet	to	be	built	out.	Similarly,	rural	businesses	that	retain	ICE	vehicles	and	need	to	travel	long	
distances	will	be	hit	particularly	hard	by	rising	gasoline	costs	and	fewer	fueling	stations	as	
petroleum	supplies	phase	out.		
	
In	the	following	sections,	we	discuss	each	of	the	impacts	identified	in	Figure	2	in	greater	detail.		
	
Higher	ZEV	prices		
	
Businesses	purchasing	ZEVs	will	face	significantly	higher	purchase	costs.	Today,	the	incremental	
cost	for	a	ZEV	compared	to	an	ICE	vehicle	with	similar	features,	capabilities,	and	range	is	well	over		
$10,000	for	small	vehicles,	and	well	over	$20,000	for	high-end	sedans,	SUVs,	and	pickup	trucks.	1		


 
1 For	example,	a	Hyundai	Kona	gasoline-powered	vehicle	has	a	base	MSRP	of	approximately	$22,500,	compared	to	
$34,000	for	the	EV	version.	The	range	for	the	EV	is	258	miles,	and	the	gasoline-powered	vehicle	is	462	miles.	As	another	
example,	the	Lariat	extended	range	EV	version	of	2023	Ford	F-150	pickup	will	have	an	MSRP	of	$79,000	
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The	California	Air	Resources	Board	(CARB)-issued	Standard	Regulatory	Impact	Report	(SRIA)	for	
the	ACC	II	proposed	regulation	assumes	that	the	current	price	increments	will	diminish	sharply	
between	now	and	2035,	due	to	improved	and	simplified	battery	cell	and	pack	designs,	introduction	
of	new	battery	chemistries,	new	manufacturing	techniques,	and	economies	of	scale	from	increasing	
production	volumes.		
	
Even	if	the	SRIA’s	optimistic	assumptions	are	realized,	however,	price	differentials	will	remain	
significant	through	2035	for	larger	vehicles	used	by	businesses,	such	as	pickups	and	vans.	For	
example,	CARB	estimates	that	the	incremental	manufacturing	cost	for	a	high-end	battery-powered	
electric	vehicle	(EV)	pickup	with	towing	capacity	will	be	$11,600	in	2026	and	remain	at	$4,000	
above	a	comparable	ICE	vehicle	in	2035.	The	implication	is	that	it	will	take	many	years	of	
operational	savings	to	offset	the	higher	up-front	incremental	costs	resulting	from	purchases	of	
more	expensive	ZEVs.		
	
CARB	estimates	of	future	ZEV	price	declines	may	be	overstated.	While	it	is	reasonable	to	
assume	some	reduction	in	ZEV	prices	as	the	market	achieves	scale	and	technological	advances	
continue,	recent	trends	suggest	that	the	size	of	the	reductions	may	be	significantly	less	than	
assumed	by	CARB	in	the	ACC	II	SRIA	projections.	The	CARB	projections	are	based	on	the	
assumption	that	battery	costs,	measured	as	dollars	per	kilowatt	hours	(kWh)	of	battery	capacity,	
will	decline	steadily	by	7	percent	per	year	between	2020	and	2030,	and	by	5	percent	annually	
between	2030	and	2035.	However,	battery	prices	are	rising	in	2022	due	to	sharp	price	increases	for	
battery-related	metals	such	as	cobalt,	nickel	sulfate	and	lithium	carbonate,	and	it	is	probable	that	
these	upward	pricing	pressures	will	continue	for	several	years.	Key	factors	pushing	up	battery	
prices	are	growing	worldwide	demand	for	battery-powered	vehicles	and	supply	constraints	caused	
by	long	lead	times	needed	to	open	new	mines	and	strong	resistance	to	new	mining	in	the	U.S.	and	
other	western	countries.		
	
As	an	illustration	of	the	impact	of	slower	price-declines	in	battery	costs	on	future	vehicle	price	
differentials,	if	we	(1)	take	into	account	the	recent	uptick	in	battery	prices	and	(2)	then	assume	that	
future	price	decline	in	battery	costs	from	2022	levels	are	one-half	that	assumed	in	the	SRIA	(i.e.,	3.5	
percent	instead	of	7	percent	annually	through	2030	and	2.5	percent	instead	of	5	percent	annually	
between	2030	and	2035),	the	resulting	incremental	price	for	the	EV	pickup	would	be	$16,000	in	
2026	and	nearly	$10,000	in	2035.		
	
It	is	important	to	note	that	these	differentials	reflect	only	manufacturing	costs.	The	full	price	
difference	is	magnified	significantly	when	dealer	markup,	sales	taxes,	vehicle	license	fees,	and	
financing	costs	are	included.	Also,	the	price	increment	does	not	consider	the	additional	expense	of	
on-site	chargers,	which	can	range	from	the	high	hundreds	of	dollars	to	several	thousands	of	dollars	
for	level-2	chargers,	depending	on	whether	electrical	upgrades	are	needed.	For	rapid	chargers,	
annual	costs	can	easily	exceed	$75,000	for	the	charger	and	installation	costs	combined.		
	
Future	operational	and	refueling	cost-savings	are	highly	uncertain.	According	to	estimates	
presented	in	the	ACC	II	SRIA,	higher	upfront	costs	for	ZEVs	will	be	offset	by	lower	costs	for	
refueling	and	maintenance.	However,	in	calculating	the	offsets,	business	owners	will	need	to	
consider	that	(1)	the	operational	savings	will	occur	over	many	years,	and	(2)	any	prospective	
savings	will	be	subject	to	uncertainties	regarding	both	the	future	costs	of	electricity	versus	gasoline	
and	future	business	conditions	(which	in	turn	will	impact	the	usage	of	the	newly	purchased	
vehicle).	From	a	business	perspective,	future	savings	related	to	operation	and	maintenance	costs	


 
(https://www.caranddriver.com/ford/f-150).	This	compares	to	$56,400	for	the	2022	gas-powered	version	Lariat	model	
with	a	V-8	engine.	(https://www.caranddriver.com/ford/f-150-lightning) 
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need	to	be	discounted	to	reflect	these	uncertainties,	making	it	even	less	likely	that	total	costs	of	
ownership	over	the	lifetime	of	the	ZEV	vehicle	will	be	comparable	to	the	ICE	vehicle	counterpart.	
We	also	note	that	one	of	the	key	assumptions	in	the	SRIA	is	that	much	charging	will	be	
accomplished	through	overnight	charging	on	level	1	and	level	2	chargers,	which	holds	down	prices	
per	kilowatt	hour.2	This	is	a	reasonable	assumption	for	businesses	that	(1)	have	access	to	garages	
or	storage	facilities	for	overnight	charging;	and	(2)	use	their	vehicles	at	predictable	times	and	on	
local	routes.	However,	the	assumption	is	less	applicable	to	businesses	that	are	reliant	on	public	or	
private	shared	chargers,	especially	those	that	use	vehicles	for	longer	and	more	variable	routes	or	
operate	their	vehicles	on	a	continuous	schedule.	These	businesses	will	need	to	recharge	“on	the	
road,”	using	more	expensive	rapid	chargers,	and	hence	will	achieve	relatively	less	fueling-related	
savings	over	time.		
	
A	closely	related	factor	is	that	“time	is	money”	for	businesses.	The	added	costs	involved	in	planning	
and	altering	routes	to	match	locations	of	public	chargers,	and	the	additional	time	spent	recharging	
(up	to	45	minutes	for	rapid	charges	and	up	to	8	hours	for	level	2	chargers,	versus	less	than	5	
minutes	for	gasoline	vehicles),	translates	into	lost	productivity,	higher	expenses	and	lower	
revenues	for	these	businesses.	
	
Higher	costs	for	ICE	vehicles	and	petroleum-based	fuels		
	
Businesses	that	are	unable	(or	unwilling)	to	incur	the	higher	costs	and	lost	productivity	for	ZEVs	
can	purchase	ICE	vehicles	through	the	2026-to-2035	transition	period,	and	all	car	owners	can	
continue	to	drive	light-duty	vehicles	after	2035,	either	by	holding	onto	existing	vehicles	or	
purchasing	ICE	vehicles	on	the	used-car	market,	Businesses	that	continue	to	use	ICE	vehicles	will	
avoid	costs	associated	with	purchasing	ZEVs.	However,	they	will	still	face	higher	costs	associated	
with	continued	purchases	and	operation	of	ICE	vehicles	under	the	ACC	II	regulation.		
	
A	relatively	small	portion	of	these	higher	costs	are	directly	related	to	the	ACC	II	regulatory	proposal	
provisions	focused	on	reducing	emissions	from	ICE	vehicles	sold	during	the	transition	period.	
According	to	CARB	calculations,	these	provisions	will	increase	per-vehicle	costs	by	$80	for	light	
duty	vehicles,	and	$660	for	medium	and	heavy-duty	vehicles	sold	in	2026.	
	
However,	the	much	larger	impact	relates	to	the	phase-out	of	petroleum	fuels	and	ICE	vehicles	that	
will	result	from	the	government-mandated	shift	to	an	all-ZEV	market.	According	to	Stillwater	
Associates	(a	transportation	fuels	consulting	firm),	the	ACC	II	regulation	will	reduce	gasoline	sales	
by	66	percent	by	2035,	and	by	90	percent	by	2050.	Stillwater	also	projects	that	diesel	sales	will	fall	
by	34	percent	by	2035	and	by	60	percent	by	2050.	Declines	of	this	magnitude	will	likely	result	in	a	
major	consolidation,	and	perhaps	the	entire	elimination,	of	the	petroleum	refining	industry	in	
California,	as	well	as	an	over	50	percent	decline	in	retail	fueling	stations	by	2035,	and	an	80	percent	
decline	in	fueling	stations	by	2050.	Per-gallon	petroleum	fuel	costs	will	rise,	as	the	fixed	costs	
related	to	the	distribution	and	sales	of	gasoline	are	spread	over	fewer	and	fewer	customers.		
	
The	CARB	SRIA	acknowledges	the	job	and	income-related	impacts	of	declining	O&G	production,	
refining	and	distribution	in	California.	However,	the	SRIA	does	not	address	the	very	important	
impact	that	the	O&G	declines	will	have	on	businesses	that	continue	to	rely	on	ICE	vehicles.	These	
vehicle	operators	will	have	to	travel	further	and	pay	more	to	cover	the	increased	per-gallon	cost	of	


 
2	In	the	ACC	II	SRIA,	CARB	specifically	estimates	that	the	“all	in”	cost	of	charging	(including	capital	recovery	of	up-front	
investments)	will	be	24	cents	per	kilowatt	hour	(kWh)	for	public	level	2	(L2)	chargers,	25	cents/kWh	for	home	charging,	
and	40	cents/kWH	for	direct	current	(DC)	fast	chargers.	
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gasoline	and	diesel	as	the	oil	and	gas	industry	phases	out,	which	will	raise	expenses	and	depress	
bottom-line	earnings.		
	
Deteriorating	roads	and	more	traffic	
	
The	reduction	in	gasoline	and	diesel	sales	will	also	result	in	a	major	decline	in	excise	and	sales	
taxes,	which	are	major	funding	sources	for	California’s	transportation	infrastructure.	According	to	
the	CARB	SRIA,	total	losses	in	excise	and	sales	tax	revenues	on	gasoline	and	diesel	will	be	$41	
billion	over	the	2026	through	2040	period,	which	will	be	only	partially	offset	by	$12	billion	in	new	
revenues	from	the	$100	road	improvement	fee	levied	on	ZEVs.		
	
While	the	SRIA	acknowledges	the	reduction	in	excise	and	sales	taxes	available	for	transportation	
infrastructure,	it	does	not	address	the	consequences	of	such	a	reduction,	which	would	be	severe.	
Absent	the	replacement	of	the	gasoline	excise	tax	with	an	alternative	statewide	funding	source,	the	
decline	in	gasoline	sales	will	result	in	less	maintenance,	fewer	road	expansions,	and	fewer	road	
improvements	–	all	of	which	will	lead	to	more	traffic,	longer	travel	times,	faster	vehicle	
depreciation,	and,	ultimately,	reduced	business	productivity	and	earnings	in	the	state.		
	
Higher	utility	rates	
	
Utilities	will	incur	major	up-front	costs	associated	with	installing	an	adequate-sized	ZEV	fueling	
network.	According	to	the	California	Energy	Commission’s	assessment	of	charging	infrastructure	
needs	outlined	in	its	July	2021	report,3	1.2	million	public	and	shared	private	chargers	are	needed	to	
support	almost	8	million	ZEVs	in	2030,	which	is	consistent	with	the	number	that	would	be	on	the	
road	under	the	Clean	Cars	II	proposal.	That	is	about	1	million	more	than	the	193,000	chargers	that	
are	currently	online	or	in	planning	stages	throughout	California.	Charging	needs	will	continue	to	
expand	sharply	after	2030	to	accommodate	the	growing	fleet	of	ZEVs	mandated	by	the	ACC	II	
proposed	regulation.		
	
Utilities	will	also	incur	major	costs	for	upgrades	to	the	electric	grid	needed	to	accommodate	an	all-
electric	transportation	system.	Based	on	annual	data	contained	in	the	CARB	2021	study	titled	“2021	
SB	100	Joint	Agency	Report”	(SB	100	report),	we	estimate	that	full	electrification	of	California’s	
economy	will	require	total	utility	investments	of	$1.8	trillion	during	the	30-year	period	from	2020	
to	2050,	about	50	percent	above	that	required	by	a	“business	as	usual”	baseline.	About	60	percent	
of	the	added	costs	relative	to	the	baseline	is	directly	attributable	to	upgrades	needed	to	
accommodate	a	fully	electrified	transportation	system,	with	the	balance	needed	to	accommodate	
electrification	of	the	commercial,	industrial,	and	residential	sectors	of	the	economy.	
	
Funding	for	additional	chargers	and	grid	upgrades	has	traditionally	come	from	utility	ratepayers	
(although	in	2021-22	and	2022-23	the	state	has	used	surplus	General	Fund	resources	to	support	
one-time	commitments	to	charging	subsidies).	The	projected	funding	needs	imply	substantial	
increases	in	electricity	rates	paid	by	businesses,	which	already	pay	rates	that	are	among	the	highest	
in	the	U.S.		
	


 
3	California	Energy	Commission.	“Assembly	Bill	2127	Electric	Vehicle	Charging	Infrastructure	Assessment,”	July	2021.	
(https://www.energy.ca.gov/programs-and-topics/programs/electric-vehicle-charging-infrastructure-assessment-ab-
2127)	
 







 7 


This	is	demonstrated	in	Figure	3,	which	shows	that	the	average	electricity	rate	paid	by	commercial	
businesses	in	California	was	19.29	cents	per	Kilowatt	hour	during	February	2022.	This	was	more	
than	double	the	average	paid	by	commercial	businesses	in	neighboring	states	(Oregon,	Washington,	
Arizona	and	Nevada)	and	about	64	percent	above	the	national	average.	Rates	paid	by	industrial	
users	were	also	more	than	double	those	in	neighboring	rates	and	were	about	87	percent	above	the	
national	average.		
	
Figure	3	
Comparison	of	Electricity	Rates	
February	2022	(Cents	per	Kilowatt	Hour)	
	


Location	 Residential	 Commercial	 Industrial	
California		 										25.59		 										19.29		 										13.93		
Neighboring	States	Average	 										11.96		 												9.43		 												6.26		
U.S.	Average	 										13.83		 										11.78		 												7.46		


	
Further	ratepayer	increases	will	have	substantial	impacts	on	all	California	businesses,	irrespective	
of	their	usage	of	electrical	vehicles.	This	is	because	electricity	is	a	major	power	source	for	lighting,	
heating,	cooking,	air	conditioning,	refrigeration,	and	for	a	variety	of	other	appliances	and	machinery	
used	by	businesses.		
	
Greater	exposure	to	electrical	power	disruptions	
	
Full	electrification	of	the	transportation	system	will	put	all	ZEV	owners,	including	businesses,	at	
greater	risk	of	electrical	power	disruptions.	Such	disruptions	are	due	to	unplanned	shortages	
caused	by	such	factors	as	(1)	high	demand	and	lower-than-expected	generation	from	solar,	wind,	or	
hydroelectric	power,	and	(2)	planned	power	outages	adopted	by	utilities	in	windy,	hot	and	dry	
weather	conditions	to	preempt	the	risks	of	their	grids	sparking	major	fires.	The	frequency	of	
outages	will	likely	rise	in	the	future	as	the	risk	of	major	wildfires	grows	and	the	state	shuts	down	
natural	gas	and	nuclear	power	plants	over	the	next	several	years.	Such	outages	will	delay	
recharging,	thereby	disrupting		travel	plans	and	reducing		business	productivity.		
	
Customer-related	impacts	
	
Finally,	California	businesses	will	face	indirect	customer-related	effects	from	the	proposed	ACC	II	
regulation.	For	example,	higher	costs	for	ZEVs	will	leave	less	room	in	household’s	budgets	for	
purchases	of	other	goods	and	services	supplied	by	businesses.	Those	businesses	operating	in	the	
Central	Valley,	Southern	California	and	other	regions	significantly	impacted	by	the	phase-out	of	the	
O&G	industry	will	face	reduced	demand	for	their	product	and	services	due	to	higher	unemployment	
and	weaker	economic	conditions.	Retail	businesses	in	all	regions	will	face	increased	pressure	to	
install	chargers	in	parking	lots	and	garages	–	at	a	significant	cost	–	to	attract	and	retain	customers	
that	are	ZEV	owners	without	access	to	overnight	charging	at	home	and	thus	in	need	of	shared	
charging.	While	these	costs	could	presumably	be	recovered	through	charging	fees,	the	up-front	
investments	may	prove	challenging	to	businesses	without	access	to	adequate	cash-flows	or	credit	
to	cover	the	up-front	investment.		
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Impacts	of	Other	Executive	Order	N-79-20	Provisions	
	
As	noted	above,	the	ACC	II	regulatory	proposal	primarily	implements	the	provisions	in	the	
Governor’s	EO	N-79-20	relating	to	the	light-duty	vehicle	segment	of	the	market.	However,	it	is	
important	to	note	that	the	other	provisions	of	executive	order	79-20	affecting	the	medium-	and	
heavy-duty	vehicle	segments	will	have	even	more	serious	impacts	on	California	businesses.	These	
provisions	require	that	all	medium-	and	heavy-duty	drayage	trucks	on	the	road	be	ZEVs	by	2035,	
and	that	all	other	medium-	and	heavy-duty	vehicles	on	the	road	be	ZEV	by	2045.	
	
The	potentially	major	impacts	arise	because	achieving	the	Governor’s	executive	order	will	require	
large	improvements	in	big-rig	battery	power	and	range	capabilities	relative	to	today’s	level	–		and	
even	than	the	up-front	incremental	costs	for	vehicles	and	chargers	will	be	substantial.4	These	
higher	costs	will	be	reflected	in	higher	shipping	rates	for	virtually	all	major	products,	which	will	in	
turn	drive	up	the	wholesale	price	of	goods	in	the	state.	Such	cost	increases	will	depress	profits	and	
put	California	businesses	that	sell	products	on	national	or	regional	markets	at	a	competitive	
disadvantage	against	businesses	operating	in	other	states.	


Conclusion	
	
The	ACC	II	regulation	will	have	wide-ranging	impacts	on	California	businesses.	Those	purchasing	
ZEVs	will	face	higher	costs	with	no	assurance	that	projected	savings	in	future	years	will	fully	offset	
those	costs.	Those	that	continue	to	purchase	and	use	ICE	vehicles	will	face	higher	costs	for	fuel	and	
spare	parts	as	the	market	for	ICE	vehicles	and	petroleum-based	fuels	is	phased	out.	Reductions	in	
excise	taxes	and	local	sales	taxes	on	gasoline	will	impair	the	ability	of	state	and	local	governments	
to	maintain	and	improve	roadways,	resulting	in	more	traffic	congestion,	longer	travel	times,	and	
added	depreciation	and	repair	costs.	Businesses	will	also	be	affected	by	higher	utility	rates,	and	in	
some	cases,	falling	demand	from	customers	and	pressures	to	make	costly	installations	of	charging	
facilities	to	attract	customers	requiring	shared	charging	during	the	day.	Many	of	these	impacts	will	
have	disproportionate	effects	on	small	businesses	located	in	hotter	inland	regions	and	rural	regions	
of	the	state.	While	some	of	the	impacts	are	covered	in	the	ACC	II	SRIA,	many	are	not,	and	should	be	
fully	vetted	before	the	regulation	is	finalized.		
	
	
	
	
	
	
	
	


 
4	For	example,	the	estimates	made	by	the	energy	consulting	firm	E3	in	October	2020	(summarized	in	a	report	titled	
“Achieving	Carbon	Neutrality	in	California”)	assumed	that	a	battery-powered	EV	version	of	a	Class	8	tractor	would	be	
$170,748	and	a	fuel	cell	powered	version	would	be	$190,155,	compared	$130,000	for	a	diesel-powered	vehicle.	The	CARB	
report	issued	in	2018	titled	“Deep	Decarbonization	in	a	Highly	Renewables	Future,”	found	that	incremental	costs	
associated	with	decarbonizing	the	medium	and	heavy-duty	transportation	were	among	the	highest	of	all	solutions	they	
considered.	Finally,	in	its	analysis	released	in	March	2021	titled		“Proposed	Rule	2305	–	Warehouse	Indirect	Source	Rule	–	
Warehouse	Actions	and	Investments	to	Reduce	Emissions	(WAIRE)	Program	and	Proposed	Rule	316	–	Fees	for	Rule 
2305,”	the	South	Coast	Air	Quality	Management	District	estimated	that	chargers	for	Class	7	or	8	big-rigs	will	cost	as	much	
as	$140,000	to	purchase	and	$80,000	to	install.		
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Date:		 May	26,	2022	
	
To:	 Western	States	Petroleum	Association	
	
From:		 Brad	Williams	
	 Chief	Economist		


Capitol	Matrix	Consulting	
	
Subject:							Distributional	Impacts	of	the	Advanced	Clean	Cars	II	(Internal	Combustion	Engine	Ban)	


Regulatory	Proposal		


	
This	memo	is	in	response	to	your	request	that	we	evaluate	the	impact	of	the	proposed	Advanced	Clean	
Cars	II	(ACC	II)	regulation	on	lower	and	moderate-income	households.	As	discussed	in	my	previous	
memos,	the	ACC	II	proposed	regulation	would	phase	out	sales	of	internal	combustion	engine	(ICE)	
vehicle	sales	in	California	over	the	2026-2025	period,	requiring	that	all	passenger	vehicles		requiring	
sold	in	the	state	be	zero	emissions	vehicles	(ZEVs)	by	2035.1	The	proposed	regulation	would	also	
impose	more	stringent	emission	standards	on	ICE	vehicles	sold	during	the	2026-2025	transition	period.		
	
While	California	Air	Resources	Board’s	(CARB)	Standardized	Regulatory	Impact	Assessment	(SRIA)	
addresses	many	of	the	aggregate	impacts	of	the	proposed	regulation,	it	does	not	cover	distributional	
impacts	in	any	meaningful	way.	We	believe	this	is	a	major	omission,	especially	for	a	proposal	that	is	as	
far-reaching	as	the	ACC	II	regulation.	The	mandated	phase-out	and	eventual	ban	of	ICE	vehicles	will	
have	substantial	distributional	impacts	in	California,	disproportionately	affecting	those	at	the	lower	end	
of	the	state’s	income	spectrum.	This	is	significant	because	income	inequality	is	already	a	major	issue	in	
California,	a	state	that	has	extreme	wealth	and	income	at	the	top	end,	but	also	a	large	number	of	families	
that	are	struggling	to	make	ends	meet	due	to	limited	resources	and	the	high	cost	of	living	in	the	state.2 
According	to	data	from	the	U.S.	Consumer	Expenditure	Survey	for	California,	the	bottom	60	percent	of	
families	in	California	(approximately	8.6	million)	spend	virtually	all	of	their	income	each	year.3	Similarly,	
data	from	the	Federal	Reserve	on	U.S.	consumer	finances	finds	that	the	bottom	60	percent	of	the	U.S.	


 
1	In	this	memo,	ZEVs	refer	to	battery-powered	electric	vehicles	(BEVs),	hydrogen	powered	fuel	cell	electric	vehicles	
(FCEVs)	and,	during	the	2026-2035	ramp	up	period,	some	plug-in	hybrid	electric	vehicles	(PHEVs).	Most	of	the	references	
in	this	memo	refer	to	BEVs,	however,	as	they	are	assumed	in	the	CARB	SRIA	to	comprise	the	great	majority	of	ZEVs	during	
the	projection	period.	This	partly	reflects	their	more	favorable	economics	relative	to	FCEVs	and	PHEVs.		
2		For	example,	the	Public	Policy	Institute	of	California	reported	that	17.6	percent	of	Californians	were	in	poverty	(as	
measured	by	the	Supplemental	Poverty	Measure,	which	takes	into	account	housing	costs),	and	another	17	percent	had	
incomes	that	were	within	50	percent	of	the	poverty	line.	See	“Poverty	in	California,”	Public	Policy	Institute	of	California.	
Accessed	May	28,	2021.	https://www.ppic.org/publication/poverty-in-California.		
3 U.S. Bureau	of	Labor	Statistics,	Consumer	Expenditures	Surveys,	California:	Quintiles	of	income	before	taxes,	2018-19.	
https://www.bls.gov/cex/tables/geographic/mean/cu-state-ca-income-quintiles-before-taxes-2-year-average-
2019.htm.) 
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income	distribution	have	a	median	of	just	$2,400	in	their	combined	checking	and	savings	accounts.4	
Together,	these	data	indicate	that	over	one-half	of	California’s	households	are	living	paycheck-to-
paycheck	and	likely	have	little	if	any	room	for	unexpected	expenses.		
	
Workers	in	the	lower-	and	middle-income	tiers	have	struggled	for	decades	with	lagging	wages	and	job	
losses	in	industries	such	as	manufacturing	and	mining	that	have	historically	been	the	source	of	good	
salaries	and	benefits	for	workers	with	high-school	degrees	and	technical	skills.5	 


Impacts	of	Proposal	on	Low-	and	Moderate-Income	Households	
	
The	ACC	II	regulation	would	have	multiple	impacts	on	low-	and	moderate-income	households.	As	
highlighted	in	Figure	1	(next	page),	those	families	that	purchase	new	battery-powered	electric	
vehicles	(BEVs)	would	have	to	pay	much	more	for	these	vehicles.	Lower-income	BEV	owners	would	
likely	pay	more	for	electricity	to	charge	their	vehicles	than	their	higher-income	counterparts	that	
have	access	to	overnight	charging.	Those	that	stay	with	ICE	vehicles	will	also	pay	higher	prices	for	
gasoline	and	repairs.	Lower-	and	moderate-income	households	will	be	hard-hit	by	regressive	
increases	in	utility	rates	to	cover	costs	of	electrifying	the	transportation	system.	And	lower-	and	
moderate-income	households	would	be	negatively	affected	by	the	loss	of	good-paying	job	
opportunities	as	a	result	of	the	regulation’s	impact	on	traditional	energy	jobs.	In	the	following	
sections	we	discuss	these	impacts	in	more	detail.		
	
Higher	Purchase	Prices	for	BEVs	
	
Currently,	the	incremental	cost	for	a	BEV	compared	to	an	ICE	vehicle	with	similar	features,	
capabilities,	and	range	is	$12,000	or	more	for	small	passenger	vehicles,	and	well	over	$20,000	for	
high-end	sedans,	SUVs,	and	pickup	trucks.6	(The	price	differences	for	fuel	cell	hydrogen	vehicles	are	
even	greater.)	The	California	Air	Resources	Board	(CARB)	Standard	Regulatory	Impact	Report	
(SRIA)	for	the	ACC	II	proposed	regulation	assumes	that	this	difference	will	fall	by	over	50	percent	
between	2020	and	2026	–	and	further	in	subsequent	years	–	due	to	improved	and	simplified	
battery	cell	and	pack	designs,	introduction	of	new	battery	chemistries,	new	manufacturing	
techniques,	and	economies	of	scale.		
	
Unfortunately,	recent	trends	are	moving	in	the	opposite	direction.	Price	differentials	between	BEV	
and	comparable	ICE	vehicles	are	expanding	rather	than	contracting	for	several	models	in	2022	due	
to	strong	demand	and	soaring	costs	for	battery	metals	such	as	cobalt,	nickel	sulfate	and	lithium	
carbonate.	These	increases	are	not	expected	to	ease	for	several	years	as	worldwide	demand	for	
battery-powered	vehicles	grows	and	battery	supplies	are	constrained	by	supply	shortages,	long	
lead	times	needed	to	open	new	mines,	and	strong	resistance	to	new	mining	in	the	U.S.	and	other	
western	countries.		


 
4	Board	of	Governors	of	the	Federal	Reserve	System,	Survey	of	Consumer	Finances.	
https://www.federalreserve.gov/econres/scfindex.htm	
5	Between	1990	and	2019	California	lost	just	under	one-third	of	its	manufacturing	base.	The	loss	between	1990	and	2021	
was	35	percent.	See	California	Employment	Development	Department,	Labor	Market	Information	Division.	
https://www.labormarketinfo.edd.ca.gov/data/employment-by-industry.html	
6	For	example,	a	Hyundai	Kona	gasoline-powered	vehicle	has	a	base	MSRP	of	approximately	$22,500,	compared	to	
$34,000	for	the	EV	version.	The	range	for	the	EV	is	258	miles,	and	the	gasoline-powered	vehicle	is	462	miles.	As	another	
example,	the	Lariat	extended	range	EV	version	of	the	2023	Ford	F-150	pickup	will	have	an	MSRP	of	$79,000	
(https://www.caranddriver.com/ford/f-150).	This	compares	to	$56,400	for	the	2022	gas-powered	version	of	the	Lariat	
model	with	a	V-8	engine.	(https://www.caranddriver.com/ford/f-150-lightning)	
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Figure	1	
Key	Effects	of	the	ACC	II	(Internal	Combustion	Engine	Ban)	on	Low-	and	Moderate-	
Income	Households	
	


Type	of	Impact	 Comments	


Higher	costs	for	BEV	purchases.		


Ø BEV	models	of	small	passenger	cars	are	currently	at	least		
$12,000	more	than	comparable	ICE	models.		


Ø CARB	assumes	price	differential	will	fall	by	more	than	
one-half	by	2026,	but	current	trends	are	toward	a	
widening,	rather	than	narrowing,	gap.		


Ø Financing	higher-priced	cars	–	if	even	possible	-	will	have	
a	disproportionate	impact	on	lower-income	owners,	due	
to	higher	credit	costs.	


Ø Insurance,	sales	tax,	and	vehicle	fees	add	to	increase.	


Higher	costs	for	charging.		


Ø CARB		asserts	that	higher	up-front	costs	will	be	more	than	
offset	over	time	by	lower	fuel	and	maintenance	costs.	


Ø However,	the	magnitude	of	fuel-related	cost-savings	is	
highly	dependent	on	both	the	extent	of	future	BEV	price	
declines	and	the	access	to	home	charging.		


Ø Low-income	BEV	owners	living	in	older	high-density	
multi-family	dwellings	are	less	likely	to	have	access	to	
home	charging.	


Ø Therefore,	low-income	BEV	owners	will	likely	have	to	rely	
on	more-expensive	direct	charging,	making	it	less	likely	
that	their	operational	savings	will	be	sufficient	to	offset	
higher	BEV	prices.	


Higher	prices	for	petroleum-based	fuels,	
and	repairs	of	ICE	vehicles.		


Ø Will	impact	lower-income	owners	that	that	can’t	afford	
EVs	and	continue	to	use	ICE	vehicles.		


Ø Causes:	
§ Phase-out	of	petroleum-based	fuel	supplies	and	retail	


outlets,	leading	to	higher	gasoline	prices	and	fewer	
retail	fueling	options.		


§ Fewer	suppliers	of	replacement	parts,	putting	upward	
pressure	on	prices.		


Increase	in	utility	rates	to	cover	costs	of	
electrification	of	transportation	system.		


Ø Utility	rate	increases	are	regressive,	hitting	budgets	of	
lower-income	households	the	hardest.	


Ø Low-income	households	also	less	able	to	avoid	higher	
utility	costs	through	investments	in	rooftop	solar.	


Ø Disproportionate	impacts	on	households	in	hotter	inland	
regions	of	the	state,	which	have	lower	median	household	
incomes	and	higher	energy	needs.	


Phase-out	of	petroleum	industry.		


Ø Will	result	in	major	declines	in	good-paying	jobs	with	
benefits	that	have	been	available	to	workers	with	high-
school	diplomas.	


Ø Industry	reductions	will	also	affect	workers	in	building	
and	trades	that	work	on	major	refinery	maintenance	
projects.		


Ø Bottom	line	–	fewer	opportunities	for	good	paying	jobs	
and	upward	mobility.	
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In	short,	there	is	no	assurance	that	price	differentials	will	narrow	as	much	as	assumed	in	the	ACC	II	
regulation	SRIA,	yet	there	is	no	provision	in	the	regulation	that	would	alter	the	phase-out	period	for	
ICE	vehicles	if	the	economics	were	less	favorable	than	assumed.	
	
While	price	differentials	of	$10,000	(or	more)	for	a	small	vehicle	may	be	only	a	moderate	
inconvenience	for	those	at	the	top	of	California’s	income	distribution,	the	incremental	price	will	
have	major	impacts	on	lower-	and	moderate-income	households	in	the	state.	As	noted	above,	these	
households	are	much	more	likely	to	have	limited	or	non-existent	liquid	savings	and	virtually	no	
room	in	their	budgets	to	finance	more-expensive	BEV	purchases.	
	
Of	particular	concern	is	that	low-income	owners	attempting	to	cover	the	higher	costs	through	
increased	borrowing	will	face	higher	financing	charges	due	to	poorer	loan-to-value	and	loan-to-
income	ratios.	The	impacts	will	be	especially	significant	for	younger	households	with	limited	credit	
histories	or	those	with	weaker	credit	scores.	As	an	indication	of	how	significant	additional	financing	
costs	can	be,	financing	an	additional	$10,000	to	cover	the	incremental	price	of	a	BEV	would	cost	
low-income	owners	$15,660	over	the	life	of	a	7-year	loan.7	Beyond	the	direct	costs,	these	
households	also	will	have	to	pay	more	for	insurance,	sales	taxes,	and	annual	vehicle	fees.		
	
Higher	Costs	for	Charging	
	
The	SRIA	asserts	that	the	higher	incremental	purchase	price	paid	for	a	BEV	will	be	offset	by	
reductions	in	fuel	and	maintenance	costs.	This	is	illustrated	in	Figure	2,	which	is	extracted	from	the	
SRIA	report,	and	is	based	on	CARB’s	assumptions	of	rapidly	falling	BEV	prices.		
	
Figure	2	
ACC	II	SRIA	Estimate:	Total	Cost	of	Ownership	of	Small	BEV	vs.	ICE	Vehicle		
(Assumes	10-Year	Ownership	and	5-Year	Financing	Period	Beginning	in	2026)	
	


Cost/Savings	
BEV	With	300	Mile	Range	


With	Home	Charger	 No	Home	Charger	
Costs	


Incremental	vehicle	price	 $4,936	 $4,936	
Home	Level	2	Charger	 $680	 																						--	
Incremental	Finance	Costs	(including	
sales	tax)	 $1,185	 $1,042	


Incremental	Insurance	Costs	 $1,003	 $1,003	
Incremental	Registration		 $806	 $806	


Savings	
Incremental	fuel	savings	 -$4,871	 -$2,912	
Incremental	Maintenance	Savings	 -$4,540	 -$4,540	
Total	Cost	of	Ownership	(10	years)	 -$1,732	 -$484	


 
7	This	incremental	financing	cost	is	based	on	the	following	assumptions:	(1)	price	of	EV	version	is	$33,000	versus	$23,000	
for	the	ICE	version;	(2)	10	percent	down	payment	and	sales	tax	are	included	in	the	loan,	(3)	interest	rate	of	5	percent	on	
the	ICE	vehicle	but	8	percent	for	the	more	expensive	EV	vehicle	because	of	deterioration	in	various	financial	metrics,	such	
as	debt-service	to	income	ratio.		
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Figure	2	specifically	shows	CARB’s	estimated	total	cost	of	ownership	over	the	10-year	life	of	a	
small	passenger	vehicle	purchased	in	2026.	It	shows	that	–	for	an	owner	with	access	to	overnight	
charging	–	the	projected	savings	from	lower	fuel	and	maintenance	expenses	more	than	offsets	the	
higher	upfront	costs	for	the	car	and	charger,	yielding	a	net	savings	of	$1,732	over	the	life	of	the	
vehicle.	For	an	owner	without	access	to	a	home	charger,	there	is	still	a	net	savings,	but	it	is	much	
less	–	$484	over	the	life	of	the	vehicle.	The	lower	net	savings	occurs	because	this	owner	would	have	
to	rely	on	more	expensive	electricity	from	shared	direct-current	chargers.		
	
Again,	it	is	important	to	note	that	the	net	reduction	in	total	ownership	costs	is	highly	dependent	on	
CARB’s	assumption	that	relative	prices	of	BEVs	will	fall	sharply	from	today’s	levels.	At	current	price	
differentials,	total	costs	of	ownership	would	be	several	thousand	dollars	higher	for	BEV	owners	
with	chargers	–	and	even	more	for	BEV	owners	without	home	chargers.		
	
Regardless	of	the	bottom-line	costs	or	savings,	however,	the	key	takeaway	from	Figure	2	is	the	
much	lower	total	cost	of	ownership	for	owners	having	access	to	chargers	as	compared	to	owners	
that	do	not.	This	is	important	because:	
	


• Lower	income	households	are	more	likely	to	be	renters	(according	to	the	2018-19	
Consumer	Expenditure	Survey	for	California,	about	56	percent	of	the	bottom	60	percent	of	
households	are	renters,	versus	22	percent	of	the	top	20	percent	of	households);	and	


	
• Renters	living	in	older	high	density	multi-family	dwellings	are	less	likely	to	have	garages	or	


other	points	of	access	to	inexpensive	overnight	charging.		
	
Those	that	have	access	to	overnight	charging	will	pay	much	less	per	charge	than	those	that	are	
required	rapid	chargers	during	peak	hours	of	the	day.	The	SRIA	recognizes	a	significant	difference	
in	charging	costs,	by	assuming	average	home	charging	rates	of	$0.26/kWh	versus	rapid	charging	
rates	of	$0.40/kWh.	It	is	because	of	this	difference	that	CARB	shows	the	lower	cost	of	ownership	in	
Figure	2	for	those	with	home	chargers.	We	note	that	the	actual	difference	is	likely	to	be	even	larger	
than	shown	in	Figure	2,	given	the	recent	outsized	increases	in	rapid	charging	rates.	For	example,	
current	rates	for	Tesla	superchargers	during	daytime	hours	are	0.58/kWh.		
	
Higher	Costs	for	ICE	Vehicles	and	Petroleum-Based	Fuels		
	
Low-	and	moderate-income	households	that	cannot	afford	the	higher	upfront	costs	for	BEVs	can	
purchase	ICE	vehicles	during	the	2026-to-2035	transition	period.	And	they	can	avoid	BEV	
purchases	beyond	2035	by	holding	on	to	their	aging	ICE	vehicle	or	purchasing	ICE	vehicles	on	the	
used-car	market.	These	individuals	will	avoid	costs	associated	with	purchasing	BEVs.	However,	
they	will	still	face	higher	costs	associated	with	continued	maintenance	and	operation	of	ICE	
vehicles	under	the	ACC	II	regulation.	A	small	portion	of	these	higher	costs	are	directly	related	to	the	
ACC	II	regulatory	proposal	provisions	focused	on	reducing	emissions	from	ICE	vehicles	sold	during	
the	transition	period.	However,	the	great	majority	of	the	impact	is	related	to	the	phase-out	of	the	
markets	for	petroleum	fuels	and	ICE	vehicles	as	the	government-mandated	ban	on	new	ICE	vehicle	
sales	takes	hold.		
	
CARB	estimates	that	a	2035	ban	on	ICE	vehicle	sales	will	reduce	gasoline	sales	in	California	by	66	
percent	by	2035,	and	by	90	percent	by	2050.	Declines	of	this	magnitude	will	likely	result	in	a	major	
consolidation,	and	perhaps	the	entire	elimination,	of	the	petroleum	refining	industry	in	California.	
Recent	estimates	made	by	Stillwater	Associates	(a	transportation	consulting	firm)	indicate	that	
gasoline	sales	declines	of	these	magnitudes	will	lead	to	an	over	50	percent	drop	in	retail	fueling	
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stations	by	2035,	and	an	80	percent	decline	in	fueling	stations	by	2050.	A	key	result	of	this	decline	
is	that	per-gallon	gasoline	prices	will	rise	significantly,	as	the	fixed	costs	related	to	the	distribution	
and	sales	of	gasoline	are	spread	over	fewer	and	fewer	customers.	The	rise	in	fixed	costs	per-gallon	
sold,	combined	with	higher	expenses	related	to	the	Low-Carbon-Fuel-Standard	and	Cap	and	Trade	
programs,	will	add	$1.70	to	the	price	per	gallon	by	2035,	and	$4.27	to	the	price	per	gallon	by	2050.	
All	projections	as	to	possible	future	costs	of	transportation	fuels	are	only	projections,	and	the	actual	
costs	will	be	determined	by	fuels	market	dynamics	such	as	supply	and	demand.	
	
Any	higher	costs	will	have	a	major	impact	on	lower-income	households,	which	are	the	most	likely	
to	hold	onto	ICE	vehicles	in	the	face	of	higher	costs	for	BEV’s.8	If	we	assume	(1)	the	average	vehicle	
is	driven	12,500	per	year	in	this	state;	and	(2)	the	average	mileage	of	California’s	light	passenger	
fleet	will	be	about	25	miles	per	gallon	by	2030	–	the	cost	per	household	of	a	$1.70	per	gallon	price	
increase	is	about	$1,275	per	year.	If	we	further	assume	that	the	fleetwide	mileage	rate	increases	to	
29	miles	per	gallon	by	2050,	the	$4.27	per	gallon	increase	in	that	year	would	translate	into	$2,815	
per	year.	These	cost	increases	are	particularly	significant	in	view	of	the	extremely	tight	budgets	
and	limited	liquid	savings	held	by	low-	and	moderate-income	households	in	this	state.		
	
Increases	in	Utility	Costs		
	
To	accommodate	an	all-electric	transportation	system,	utilities	and	state	and	local	governments	
will	need	to	incur	major	up-front	costs	associated	with	installing	a	BEV-charging	network	that	has	
sufficient	capacity	in	all	areas	of	California	to	avoid	fueling	bottlenecks	and	give	prospective	BEV	
owners	confidence	that	they	will	be	able	to	complete	longer	trips,	regardless	of	destination.	
According	to	the	California	Energy	Commission’s	assessment	of	charging	infrastructure	needs	
released	in	its	July	20219	report,	1.2	million	public	and	shared	private	chargers	are	needed	to	
support	almost	8	million	BEVs	in	2030,	which	is	consistent	with	the	number	that	would	be	on	the	
road	under	the	Clean	Cars	II	proposal.	That	is	about	1	million	more	than	the	193,000	chargers	that	
are	online	or	in	planning	stages	throughout	California.	We	estimate	that	another	1	million	chargers	
would	be	needed	by	2035	to	fully	support	the	number	of	BEVs	on	the	road	under	the	ACC	II	
regulation.	A	key	finding	of	the	CEC	report	is	that	more	public	funding	will	be	needed,	starting	
immediately,	to	achieve	even	the	2030	goals.		
	
Beyond	the	costs	of	chargers,	the	state	will	incur	expenses	for	developing	additional	power	generation	
and	upgrading	its	electrical	grid.	In	March	2021,	the	California	Energy	Commission	(CEC),	CARB,	and	
California	Public	Utilities	Commission	(CPUC)	jointly	issued	an	updated	analysis	on	California’s	progress	
toward	its	zero	carbon	electricity	goals.10	The	report	indicated	that	under	a	“high	electrification	
scenario,”	which	is	consistent	with	the	Governor’s	ZEV	goals,	electricity	demand	from	the	state’s	
transportation	sector	will	grow	from	3,000	Gigawatt-hours	in	2020	to	an	estimated	81,000	Gigawatt-


 
8	According	to	the	2018-19	Consumer	Expenditure	Survey	for	California,	70	percent	of	households	in	bottom	20	percent	
of	household	income	own	or	lease	at	least	one	car.	The	rate	for	households	in	the	20-40th	percentile	is	88	percent,	and	in	
the	40-60	percentile	its	94	percent.		
9	California	Energy	Commission.	“Assembly	Bill	2127	Electric	Vehicle	Charging	Infrastructure	Assessment,”	July	2021.	
https://www.energy.ca.gov/programs-and-topics/programs/electric-vehicle-charging-infrastructure-assessment-ab-
2127	
10	SB	100	Joint	Agency	Report:	Charting	a	path	to	a	100%	Clean	Energy	Future.	March	15,	2021.	
https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100-percent-clean-
electricity	







 7 


hours	in	2045.	Expanding	the	grid	to	accommodate	those	and	related	needs	will	require	record	build	
rates	for	utility-scale	solar	and	other	power	sources.		


Combined	costs	for	light	vehicle	chargers	and	upgrades	to	the	grid	will	be	in	the	multiple	tens	of	
billions	of	dollars.	Funding	for	these	types	of	capital	improvements	has	traditionally	come	primarily	
from	California	utility	ratepayers,	which	already	face	among	the	highest	and	fastest	rising	rates	in	
the	U.S.	(see	Figure	3).	
	
Figure	3	
Comparison	of	Electricity	Rates	
February	2021	and	February	2022	(Cents	per	Kilowatt	Hour)	
	


Location	 February	
2021	


February	
2022	


%	Increase:	
2021	to	2022	


California		 										22.53		 										25.59		 										13.6%		
Neighboring	States’	Average	 										11.17	 										11.96		 												7.1%		
U.S.	Average	 										13.35	 										13.83		 												3.6%	
	
Higher	utility	rates	will	disproportionately	affect	lower-	and	moderate-income	households	
mainly	because	these	households	devote	a	much	larger	share	of	their	annual	income	to	electricity	
consumption	than	do	their	higher-income	counterparts.	According	to	the	2018-19	Consumer	
Expenditure,	households	in	the	bottom	20	percent	of	California’s	income	distribution	devoted	7.7	
percent	of	their	income	to	electricity	purchases	in	the	2018-19	period.	This	percentage	is	ten	times	
more	than	the	0.7	percent	that	their	counterparts	in	the	top	20	percent	of	the	income	distribution	
devoted	to	electricity	purchases.	This	difference	occurs	because	the	average	income	of	the	top	20	
percent	of	households	($237,713)	is	19	times	that	of	the	bottom	20	percent	of	households	
($12,460),	yet	electricity	consumption	by	this	top	group	is	less	than	double	the	size	of	the	bottom	
group.	The	relatively	small	difference	in	consumption	rates	reflects	the	fact	that	electricity	is	a	
necessity,	used	by	all	households	regardless	of	income	to	keep	the	lights	on	and	appliances	
working.		
	
Two	other	factors	are	also	behind	the	disproportionate	impact.	First,	lower-income	households	are	
less	likely	to	be	homeowners,	and	thus	less	likely	to	benefit	from	rooftop	solar	systems	that	would	
otherwise	enable	them	to	avoid	higher	utility	costs,	at	least	partially.	Second,	lower-income	
households	tend	to	be	located	in	inland	regions	of	the	state,	where	temperatures	are	hotter	and	
cooling	needs	are	greater.	As	shown	in	Figure	4	(next	page),	average	per-household	consumption	
of	electricity	in	the	state’s	inland	counties	is	nearly	double	that	of	counties	in	the	Bay	Area,	and	
about	one-third	higher	than	Southern	California	coastal	counties.	At	the	same	time,	median	incomes	
in	these	inland	counties	are	about	50	percent	lower	than	the	Bay	Area	counties	and	about	25	
percent	lower	than	the	Southern	California	coastal	counties.	Similarly,	poverty	rates	in	the	inland	
counties	are,	on	average,	nearly	double	that	of	the	Bay	Area	counties,	and	about	50	percent	higher	
than	the	Southern	California	coastal	counties.		
	
In	summary,	higher	utility	costs	resulting	from	electrification	of	the	transportation	system	will	
disproportionately	affect	low-income	households,	especially	those	in	inland	regions	of	the	state	
where	electricity	consumption	is	much	higher	than	in	coastal	counties.	Because	low-	and	moderate-
income	families	will	likely	be	later	adopters	of	ZEVs,	they	will	also	pay	higher	utility	rates	without	
receiving	the	benefit	of	avoided	gasoline	expenses.		
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Figure	4	
Median	Household	Income	and	Electricity	Consumption	–	2019*	
	


Counties	
Median	


Household	
Income	


Poverty	Rate	


Average	Annual	
Household	
Electricity	


Consumption	(kWh)	
Bay	Area	Counties	
Marin	 $110,843	 6.0%	 2,512	
San	Francisco	 $135,968	 10.0%	 4,077	
San	Mateo	 $138,500	 5.5%	 5,844	
Santa	Clara	 $133,076	 6.6%	 6,270	


South	Coast	Counties	
Los	Angeles	 $72,797	 13.2%	 6,211	
Orange	 $107,171	 9.0%	 6,703	
San	Diego	 $85,507	 9.5%	 5,813	
Inland	Counties	
Kern	 $53,057	 18.3%	 8,597	
San	Bernardino	 $67,903	 14.3%	 8,321	
Fresno	 $57,518	 17.1%	 8,929	
San	Joaquin	 $68,997	 13.9%	 8,099	
Stanislaus	 $63,057	 13.0%	 10,286	
Sacramento	 $82,121	 12.5%	 8,610	


*	Sources:	U.S.	Census	Bureau	(for	median	household	income)	and	the	California	Energy	Commission	(for	residential	
electricity	consumption).		
	
Fewer	Job	Opportunities		
		
CARB	estimates	that	the	ACC	II	regulatory	proposal	will	reduce	employment	by	60,084	jobs	in	
2030,	86,929	in	2034,	and	93,117	jobs	by	2038.	CARB	attributes	the	employment	losses	to	the	
impact	of	higher	ZEV	prices	on	consumer	spending	on	other	goods	and	services	in	California’s	
economy,	as	well	as	the	reduction	in	state	and	local	revenues	on	employment	in	the	public	sector.		
	
We	believe	that	the	job	losses,	though	significant,	are	understated,	in	that	they	fail	to	consider	the	
likely	impact	of	an	ICE	ban	on	California’s	petroleum	industry.	CARB’s	estimate	shows	only	a	1,536	
decline	in	jobs	related	to	the	petroleum	refining	industry	by	2040,	a	reduction	of	about	15	percent	
from	current	levels.	Absent	a	shift	in	refining	activities	to	hydrogen	or	biofuels,	we	would	expect	a	
rapid	phase-out	of	gasoline-powered	vehicles	to	due	to	lower	demand,	resulting	in	a	rise	in	unit	
costs	of	production	and	forcing	more	rapid	consolidations	and	more	job	losses	in	the	refinery	
industry.	Reductions	in	this	industry	would	have	major	consequences	for	the	broader	economy	due	
to	the	hundreds	of	millions	of	dollars	spent	by	refineries	each	year	for	major	maintenance	and	
modernization	investments.	Consolidations	in	the	refinery	industry	will	affect	multiple	thousands	
of	workers	employed	in	supplying	industries.	These	include	construction	workers	and	electricians,	
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many	of	them	in	trade	unions,	working	on	refinery	turnaround	projects.11The	losses	in	petroleum	
and	construction	industries	are	of	particular	importance	because	of	their	negative	impacts	on	job	
opportunities	that	are	so	important	to	upward	mobility	of	workers	in	this	state	with	high-school	
diplomas	and	technical	training.		


Conclusion	
	
The	ACC	II	regulatory	proposal	will	have	a	disproportionate	impact	on	low-	and	moderate-	income	
households,	whose	budgets	are	already	stretched	because	of	many	years	of	lagging	income	growth	
and	California’s	high	cost-of-living.	The	disproportionate	impacts	are	related	to	higher	BEV	prices	
(which	are	amplified	because	of	financing	costs),	relatively	higher	charging	costs,	higher	utility-
related	electricity	costs,	and	(for	those	that	defer	purchases	of	BEVs)	higher	costs	for	petroleum-
based	fuels.	Lower-	and	moderate-income	households	will	also	be	disproportionately	affected	by	
the	reduction	in	jobs	in	the	construction	and	petroleum	industries,	which	will	mean	fewer	good-
paying	jobs	opportunities	for	workers	with	high	school	and	technical	degrees.	While	the	state	
budgets	enacted	in	2021-22	and	proposed	for	2022-23	begin	to	address	some	of	these	issues,	the	
ACC	II	SRIA	is	largely	silent	on	the	disproportionate	impacts	that	the	ACC	II	regulation	would	have	
on	millions	of	lower-income	Californians.		
	


 
11	Turnaround	work	includes	major	maintenance,	upgrades,	and	modernization	of	refineries.	
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Confidential 


 
Sophie R. Ellinghouse 
Vice President, General Counsel & Corporate Secretary  
 
January 15, 2024 
 
Advanced Clean Cars II Workshop 
California Air Resources Board 
1001 I Street,  
Sacramento, CA 95814 
 
Re: Comments on the CARB Public Workshop: Advanced Clean Cars II (ACC II) 
Amendments Kick-Off Workshop 
 
The Western States Petroleum Association (WSPA) appreciates the opportunity to comment on 
the November 15, 2023, public workshop held by the California Air Resources Board (CARB) on 
the proposed amendments to the ACC II Regulation. WSPA is a non-profit trade association 
that represents companies that export for, produce, refine, transport and market petroleum, 
petroleum products, natural gas and other energy supplies in California and four other western 
states, and has been an active participant in air quality planning issues for over 30 years. 
 
WSPA has actively participated in the development of ACC II through several comment letters. 
All previous comment letters can be found in the docket and are all incorporated by reference 
herein.1 WSPA offers the following additional comments on CARB’s potential ACC II 
amendments. 
 
1. ACC II and all its amendments are ultra vires. 
As we explained in previous comment letters, ACC II is contrary to law because it is preempted 
by (at least) two different federal laws. 
 
First, ACC II is preempted by the Clean Air Act (CAA). Section 209(a) of the CAA provides that 
“No State or any political subdivision thereof shall adopt or attempt to enforce any standard 
relating to the control of emissions from new motor vehicles or new motor vehicle engines 
subject to this part.” 42 U.S.C. § 7543(a). The current ACC II Regulation bans new internal 
combustion engines by model year 2035, which constitutes a “standard relating to the control of 
emissions from new motor.” The only exception to this broad prohibition is CAA Section 209(b), 
which permits EPA to “waive application of” the preemption provision if certain conditions are 
met. 42 U.S.C. § 7543(b). However, the United States Environmental Protection Agency 
(USEPA) has not granted such a waiver for the ACC II program, nor would it be proper to grant 
such a waiver because ACC II does not meet the waiver requirements of Section 209(b). 
Therefore, the program is preempted. Any amendments “relating to the control of emissions 
from new motor vehicles or new motor vehicle engines” – including any separate greenhouse 
gas (GHG) emissions standards – would likewise be preempted.  


 
However, even with a waiver, the CAA preempts ACC II and any subsequent amendments 
because CARB is required to obtain a waiver before adopting an otherwise preempted 
regulation. Section 209 states that California may not “adopt” a standard without obtaining a 
waiver from USEPA. Because the effective date of ACC II was November 30, 2022, these rules 


 
1 CARB. Board Meeting Comments Log. Available at: 


https://www.arb.ca.gov/lispub/comm/iframe_bccommlog.php?listname=accii2022&_ga=2.175804576.369179905.1702055938-
1594255530.1691639637. Accessed: January 2024.  


Submitted via the Workshop Comment Submittal Form  
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were “adopt[ed]” without a waiver and are thus void ab initio. CARB cannot regulate first and 
ask permission later. 
 
Second, ACC II is preempted by the federal Energy Policy and Conservation Act (EPCA). EPCA 
includes an express preemption provision forbidding any “State or a political subdivision of a 
State” to “adopt or enforce a law or regulation related to fuel economy standards or average fuel 
economy standards.” 49 U.S.C. § 32919(a). ACC II is “related to” fuel economy because, as the 
D.C. Circuit has explained, “any rule that limits tailpipe CO2 emissions is effectively identical to a 
rule that limits fuel consumption.” Delta Const. Co. v. EPA., 783 F.3d 1291, 1294 (D.C. Cir. 
2015) (per curiam) (quoting 76 Fed. Reg. 57,106, 57,124–25 (Sept. 15, 2011)) (cleaned up). 
Any doubt on this score is resolved by a recent Ninth Circuit decision discussing a provision in a 
different section of EPCA, where the court held that courts must look at preemption provisions 
with a purely “textual analysis ‘without any presumptive thumb on the scale’ for or against 
preemption.” California Rest. Ass'n v. City of Berkeley, No. 21-16278, 2024 WL 23986, at *4 
(9th Cir. Jan. 2, 2024) (quoting R.J. Reynolds Tobacco Co. v. Cnty. of Los Angeles, 29 F.4th 
542, 552 (9th Cir. 2022)). By completely prohibiting the installation of natural gas piping within 
newly constructed buildings, the City of Berkeley ran afoul of EPCA’s preemption of any 
regulation “concerning … the energy use” and explained that “‘concerning’ means ‘relating to’” 
and has a “’broadening effect, ensuring that the scope of a provision covers not only its subject 
but also matters relating to that subject.’” Id. at *6 (quoting Lamar, Archer & Cofrin, LLP v. 
Appling, 138 S. Ct. 1752, 1759 (2018)) (cleaned up). The Ninth Circuit declined to take the case 
en banc. 
 
2. CARB must perform a comprehensive lifecycle GHG emissions analysis for the 


vehicle/fuel system in order to capture the full GHG emission impacts of the increased 
zero emission vehicles (ZEVs) under the ACC II Regulation. 
 


In considering revisions to the ACC II Regulation, CARB must consider the lifecycle emissions 
for “zero emission” vehicles, assess GHG emissions outside of the State of California that would 
be caused by the revised ACC II program, and include a technology-neutral analysis of 
alternatives that could meet the GHG reduction goals.  
 
The California Environmental Quality Act (CEQA) requires CARB to assess regulatory 
alternatives in light of their cumulative impacts (Cal. Code Regs., tit. 14, § 15130). To comply 
with this requirement, CARB must conduct a lifecycle emissions analysis of ZEVs in order to 
understand and evaluate significant impacts. This analysis must evaluate impacts associated 
with battery production, transport, and disposal or recycling, which present significant emissions 
and waste impacts. This analysis must also consider how increased demand on the electric grid 
due to significantly increased ZEV use will require additional increases in electric utility 
construction, which will likely include natural gas units to make up for the intermittency of 
renewable resources, such as wind and solar. 
 
A lifecycle assessment is also critical to meeting other statutory requirements. California Health 
and Safety Code (HSC) § 57005 requires CARB to consider any less costly but equally effective 
alternatives. CARB cannot perform this analysis without a lifecycle emissions analysis of both 
ZEVs and highly efficient low emission vehicles, which impose significantly fewer infrastructure 
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expenses while achieving substantial GHG emissions reductions on a faster timeline. CARB 
also has a responsibility to minimize the “leakage” potential of any regulatory activities, pursuant 
to HSC § 38562(b)(8). CARB must estimate emissions impacts outside the State from a 
lifecycle perspective, which CARB has failed to do. 
 
As noted in WSPA’s letter submitted on May 31, 2022,2 CARB has previously excluded the 
following pieces of lifecycle GHG emissions from its evaluation of ACC II:  
 
• Upstream fuel cycle GHG emissions from out-of-State fuel production and transportation 


activities for California reformulated gasoline (CaRFG) and hydrogen (H2)  
• GHG emissions associated with vehicle production changes required by the proposed 


regulation. This could be significant particularly for minerals extraction and processing and 
battery production, transportation, as well as downstream effects like disposal and 
replacement impacts for battery electric vehicles (BEVs) that are not part of the baseline for 
internal combustion engine vehicles (ICEVs). The aspects of the emissions inventory 
missing from the analysis are highlighted in Figure 1 below. 
 


Figure 1: CARB ACC II Emissions Assessment Scope3 


 
 


WSPA contracted with Ramboll to conduct a technology-neutral study of light duty vehicles 
(LDVs) that analyzes the full lifecycle GHG emissions of each technology/fuel (“Ramboll LDA 
Study”) for the statewide light duty automobile fleet. This study was provided to CARB in 
Attachment D of WSPA’s May 2022 comment letter. The Ramboll LDA Study found that the 
vehicle cycle emissions for a model year (MY) 2026 BEVs (10.1 metric tons (MT) CO2e per 
vehicle) was about 74% higher than those for a MY 2026 ICEV (5.8 MT CO2e per vehicle) (see 


 
2 WSPA. Comments on ACC II Regulation Initial Statement of Reasons Documents (“Ramboll LCA Study”). May 31, 2022. Available 


at: https://www.arb.ca.gov/lists/com-attach/477-accii2022-AHcAdQBxBDZSeVc2.pdf. Accessed: January 2024.  
3 GREET Model Home Page. Available at: https://greet.es.anl.gov/. Accessed: January 2024. Checkmark and X annotations by 
Ramboll on behalf of the Associations. 
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Figure 1). If the BEV undergoes a battery replacement during its lifetime, its vehicle cycle 
emissions increase to 15.5 MT CO2e per vehicle, which is ~167% higher than those of an ICEV. 
The significant emission increases associated with the production of a BEV, as compared to an 
ICEV, should have been included in CARB’s emission analysis in prior iterations of the ACC II 
program to fully understand its impacts. In considering updates to this program, CARB must 
account for these lifecycle emissions impacts. 
 


Figure 2: Vehicle Cycle Emission Factors for Different Vehicle Technologies4


 
 


3. CARB should increase allowances for plug-in hybrid electric vehicles in its ACC II 
program update, which can achieve similar or lower emissions on a lifecycle basis 
and are better positioned to produce near-term GHG emission reductions and meet 
implementation challenges. 
 


CARB has not centered emission reduction goals in the ACC II rulemaking; instead CARB has 
produced a technology-forcing standard that mandates large-scale LDVs and medium-duty 
vehicle (MDV) turnover to electric vehicles (largely BEVs and fuel cell electric vehicles (FCEVs), 
with a limited allowance for plug-in electric hybrid electric vehicles (PHEV)), despite evidence 
that similar or greater lifecycle emission reductions could be achieved through more 
technologically feasible pathways. Any updates to ACC II should include a broader range of 
technologies and should, at minimum, increase allowances for PHEVs, which are crucial for 
achieving GHG emission reductions in the early years of ACC II due to multiple implementation 
challenges, including but not limited to, insufficient charging and/or supporting electrical 
transmission/distribution infrastructure. 
 
The Ramboll LCA Study shows that a gradual transition to lower-Carbon Intensity (CI) gasoline 
(represented by the purple line in Figure 2) with current vehicle technologies could achieve 
similar lifecycle GHG emissions as the current ACC II Regulation (represented by the pink 


 
4 Figure 3-5 of Ramboll LCA Study. 
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shaded region in Figure 2). Meeting the ACC II sales target with PHEVs (represented by the 
blue dotted line in Figure 2), rather than the current Regulation, in combination with this fuels 
transition, would result in a net reduction of 4 to 6 MMTCO2e per year from 2035 to 2050. 
 


Figure 2: Lifecycle Emissions for Key Scenarios5


 
 
CARB’s current ACC II Regulation arbitrarily adopted a 20% cap on the number of PHEVs 
allowed to fulfill original equipment manufacturers’ (OEM) annual obligations for ZEV sales 
without recognition for expanded emission benefits and the obstacles that threaten BEV 
deployment. As discussed in previous comments submitted for ACC II and the Advanced Clean 
Fleets Regulation (ACF), the development of a State-wide charging infrastructure network is 
notoriously challenging. Public discussion with OEMs, utilities, and fleet and vehicle owners 
have repeatedly raised concerns that without significant development of infrastructure, 
deployment of ZEVs at the rate described in ACC II will be infeasible. The California Energy 
Commission’s own modeling, which was included in the Draft Environmental Analysis for ACC 
II, highlights a lack of grid capacity across the State.6 Expanding regional grid capacity can take 
upwards of 10 years, rendering the charging infrastructure necessary to support a ZEV/BEV 
fleet difficult to constructed at an appreciable scale.7  


 


 
5 Ramboll LCA Study. 
6 Draft Environmental Analysis (EA) for the Proposed ACC II Program. Available at: 


https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/appe1.pdf. Accessed: May 2022. 
7 CARB Workshop Recording of ACF Virtual Medium and Heavy-Duty Infrastructure Workgroup Meetings - Electricity and the Grid 


(Part 2). March 2022. CARB Workshop web page (https://ww2.arb.ca.gov/our-work/programs/advanced-clean-fleets/advanced-
clean-fleets-meetings-events) includes link to recording at: https://youtu.be/uLYrDh-pKQI. Accessed: December 2023. 
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Removing the restriction on PHEVs, particularly over the next decade, is crucial to achieving the 
projected GHG reductions from ACC II, particularly for 1) special use and heavier vehicles such 
as pick-up trucks and large sports utility vehicles (SUVs), commercial services in rural areas, 
long-haul services, and small-scale towing applications, and 2) communities with multi-family 
units with minimal or limited access to electric vehicle charging stations that cannot feasibly or 
economically transition to full BEVs, and rural/remote areas within non-exempt counties with 
minimal public charging stations.  
 
Given the known lag in charging stations and related electrification transmission and distribution 
infrastructure (particularly in low-income and environmental justice communities), it is imperative 
that CARB take a bottom-up approach when projecting the fleet makeup to ensure that the daily 
transportation needs of the State’s populace are met throughout this transition. Allowing the use 
of PHEVs and lower-CI fuel can ease this transition in a cost-effective manner. 
 
4. CARB’s ACC II program update should evaluate and include a broader range of 


technologies, including lower-carbon intensity fuels used in ICEVs, such as ethanol 
blends, that can achieve GHG reductions consistent with CARB’s goals.  
 


Under Government Code § 11346.2(b)(4)(A), when CARB proposes a regulation that would 
mandate the use of specific technologies or equipment, or prescribe specific actions or 
procedures, it must consider performance standards as an alternative. CARB’s current ZEV 
mandate in ACC II improperly imposes a technology standard without giving due consideration 
to equivalent performance standards. In considering program revisions, CARB must therefore 
evaluate performance standards that would permit a broader range of technologies, including 
lower-CI fuels. This evaluation must include “alternatives that are proposed as less burdensome 
and equally effective in achieving the purposes of the regulation in a manner that ensures full 
compliance with the authorizing statute or other law being implemented or made specific by the 
proposed regulation.” Id. 
 
CARB must also evaluate a broader range of technologies in order to comply with CEQA. 
CEQA requires CARB to assess “a reasonable range of alternatives to the proposed project, 
which could feasibly attain most of the project objectives but could avoid or substantially lessen 
any of the identified significant impacts.” (Cal. Code Regs., tit. 17, § 60004.2). CEQA Guidelines 
further specify that, in developing regulatory alternatives, agencies must consider alternatives 
“which are capable of avoiding or substantially lessening any significant effects of the project, 
even if these alternatives would impede to some degree the attainment of the project 
objectives.” Cal. Code Regs., tit. 14, § 15126.6(b). CARB has failed to adequately do so in prior 
iterations of the ACC II Regulation and must do so in considering any program revisions. 
PHEVs and other technologies would avoid significant adverse impacts while furthering CARB’s 
project objectives. 
 
Further, CARB cannot choose project objectives so narrow “as to preclude any alternative other 
than the Project.” We Advocate Through Env’t Rev. v. Cnty. of Siskiyou, 78 Cal. App. 5th 683, 
692 (2022). CARB’s reliance on BEV deployment and ZEVs more generally improperly restricts 
the scope of the project and precludes any meaningful analysis of alternative technologies. 
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These comments reflecting CARB’s obligations under the California Administrative Procedure 
Act (Gov. Code § 11346.2) and CEQA also apply to Section 2, regarding CARB’s omission of a 
comprehensive lifecycle analysis, and Section 3, addressing ACCII’s PHEV allowance. CARB 
proposed the use of ethanol as a transportation fuel as a potential amendment to the GHG 
program within ACC II at the workshop held on November 15, 2023.8 As previously discussed, 
Ramboll’s analysis shows that similar, if not greater, lifecycle emission reductions would be 
achieved through a gradual transition to lower-CI gasoline (30% usage by 2035 and 100% by 
2050, up from 1% usage in 2026) coupled with either current vehicle technologies or PHEVs 
when compared to the draft ACC II scenario (Figure 1).9  
 
To estimate a carbon intensity for the lower-CI gasoline, Ramboll reviewed currently available 
and documented carbon intensities for lower-CI renewable gasoline drop-in fuels, which include 
USEPA lifecycle GHG results,10 Low Carbon Fuel Standards (LCFS) fuel pathways,11 Argonne 
National Laboratory state-of-technology research,12 CARB-driven research,13 and a research 
paper published by the University of Chicago.14 These fuels ranged in upstream carbon intensity 
from -29.0 grams of carbon dioxide equivalent per megajoule (gCO2e/MJ) to 37.1 gCO2e/MJ 
with an average of 19.0 gCO2e/MJ, compared to the 29.1 gCO2e/MJ upstream carbon intensity 
of existing E10 gasoline.15,16 Further information on this methodology can be found within the 
Ramboll LCA Study.  
 
As highlighted in a letter submitted to CARB by the Renewable Fuels Association, the use of 
lower-carbon intensity gasoline blends containing 15% ethanol (E15) would result in significant 
air quality benefits as well as the aforementioned GHG emission reductions.17 The Center for 
Environmental Research and Technology at the University of California at Riverside (UCR) 
conducted a comparison between E10 CaRFG and E15 and found statistically significant 
reductions in the tailpipe emissions of particulate matter (PM), carbon monoxide (CO), total 
hydrocarbons (THC), non-methane hydrocarbon gases (NMHC), and other pollutants that lead 
to smog and air quality problems.18 The research also found non-statistically significant 
reductions in nitrogen oxide (NOx) tailpipe emissions.19  


 
8 CARB. ACC II Amendments Kick-Off Workshop. Available at: https://ww2.arb.ca.gov/sites/default/files/2023-


12/2023_11_15%20ACC%20II%20Amends%20Workshop%20slides_ADAv2.pdf. Accessed December 2023.  
9 Ramboll LCA Study. 
10 EPA. 2016. Lifecycle Greenhouse Gas Results. Available here: https://www.epa.gov/fuels-registration-reporting-and-compliance-


help/lifecycle-greenhouse-gas-results. Accessed: January 2024. 
11 CARB. 2022. LCFS Current Pathways. Available here: 


https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/fuelpathways/currentpathways_all.xlsx. Accessed: January 2024.  
12 Argonne National Laboratory. 2021. Supply chain sustainability analysis of renewable hydrocarbon fuels- update of the 2020 


state-of-technology cases. Available here: https://greet.es.anl.gov/publication-2020_update_renewable_hc_fuel. Accessed: 
January 2024. 


13 CARB. 2016. Biofuels Supply Module. Available here: https://www.arb.ca.gov/cc/scopingplan/meetings/090716/bfsmv83b.zip. 
Accessed: January 2024. 


14 University of Chicago. 2021. Life Cycle Analysis of Electrofuels: Fischer–Tropsch Fuel Production from Hydrogen and Corn 
Ethanol Byproduct CO2. Available here: https://pubs.acs.org/doi/10.1021/acs.est.0c05893. Accessed: January 2024. 


15 Ibid. 
16 CA-GREET3.0 Model. Available here: https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30- 


corrected.xlsm?_ga=2.255823756.582239942.1645477627-990540269.1603987774. Accessed: January 2024. Available under 
the tab ‘Petroleum’ under ‘Energy % Ethanol in CaRFG’. 


17 Renewable Fuels Association. RFA Letter to CARB re E15. October 3, 2023. Available here: 
https://d35t1syewk4d42.cloudfront.net/file/2606/RFA%20Letter%20to%20CARB%20re%20E15%2010-3-23.pdf. Accessed: 
January 2024.  


18  Karavalakis, Georgios, et al. Comparison of Exhaust Emissions Between E10 CaRFG and Splash Blended E15. Available here: 
https://ww2.arb.ca.gov/sites/default/files/2022-07/E15_Final_Report_7-14-22_0.pdf. Accessed: January 2024. 


19  Ibid. 



https://d35t1syewk4d42.cloudfront.net/file/2606/RFA%20Letter%20to%20CARB%20re%20E15%2010-3-23.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-07/E15_Final_Report_7-14-22_0.pdf
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Drop-in lower-CI fuels achieve GHG emission reductions without forcing consumers to face the 
high up-front cost to replace their current vehicles or the costs associated with locating and 
installing electric vehicle charging infrastructure and without compromising the State’s ability to 
meet federal ozone standards. Therefore, CARB should allow the use of ethanol and the blend 
of other lower-carbon intensity fuels for ICEVs as a performance-based GHG and criteria 
pollutant emissions reduction mechanism in the potential ACC II amendments, in recognition 
that many areas, particularly rural, remote, and disadvantaged areas do not (and will not for 
many years) have the public charging infrastructure needed to achieve reductions through the 
use of BEVs.  
 
5. CARB has stated that it believes that real-world data implies that the Fleet Utility 


Factor (FUF) is overestimating the emission benefits from PHEVs and is urging 
USEPA to propose a more conservative version of the FUF curve to account for the 
overestimation and to increase stringency. WPSA encourages CARB to take a 
broader look at the information that USEPA used in its proposal and the related 
information from national stakeholders before taking such a position.  
 


Given that the PHEV market is still relatively new, CARB must further investigate real-world 
electric mileage utilization before coming to a position on FUF development and usage. Other 
stakeholders, such as Toyota, have pointed out concerns with the methodology employed by 
USEPA that resulted in the FUF curve being lowered.20 These concerns include: 
 
• Studies used to support the changes were not relevant to the United States and were not 


representative of PHEV charging behaviors within the United States. 
• Exclusion of relevant peer-reviewed publications, including papers by Toyota and the 


University of California at Davis that support the existing FUFs.21,22 
• Errors within the two datasets used to depict real-world PHEV operation in the United States 


that included data input errors for fueling units of measure, exclusion of “outlier” miles per 
gallon data points reflective of majority electric driving behaviors, and non-mandatory yet 
costly reporting requirements that result in a non-representative sample of PHEV operating 
behaviors. 
 


WSPA is concerned that by adopting or supporting the lowering of the FUF based on non-
representative data, CARB will be unnecessarily hampering PHEV deployment within California, 
both to the detriment of consumers and to the State’s ability to meet its GHG reduction goals.  
 
6. WSPA supports CARB’s proposal to update the consumer protection measures for 


consumer-facing ZEV labels. 
 


Manufacturers of ICEVs are required to disclose key metrics including the fuel economy (e.g., 
miles per gallon) for city and highway driving, and the annual expected fuel cost on the window 


 
20  Toyota Motor North America, Inc. Multi-Pollutant Emissions Standards for Model Years 2027 and Later Light-Duty and Medium-Duty Vehicles. 


Available at: https://www.regulations.gov/comment/EPA-HQ-OAR-2022-0829-0620. Accessed: January 2024.  
21  Hamza, K., Laberteaux, K. and Chu, K.C. “On inferred real-world fuel consumption of past decade plug-in hybrid electric vehicles in the US,” 


Environ. Res. Lett. 17 (2022) 104053. 
22 Raghavan, S. and Tal, G. “Plug-in hybrid electric vehicle observed utility factor: why the observed electrification performance differ from 


expectations.” Int. J. Sustain. Transp. (2020) 16: 105-136. 
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sticker and the manufacturer- or dealer-supplied pamphlets. This information enables 
consumers to understand the expected performance of the vehicle and more effectively 
comparison shop. During November’s ACC II working group meeting, CARB proposed including 
a requirement for ZEVs to include similar sticker information. The sticker for ZEVs should 
include parameters such as the battery life, battery degradation, and other information required 
by ACC II.  
 
WSPA supports CARB’s proposal to require ZEV manufacturers to provide consumers accurate 
and transparent information to facilitate more informed purchasing decisions. CARB’s proposed 
supplementary labeling requirements for ZEVs are particularly important, as current USEPA 
labels for electric vehicles are inaccurate and can significantly overstate the real-world electric 
vehicle fuel economy and range consumers are likely to achieve.23 The inaccuracy is 
particularly egregious for estimates of electric vehicle range, where the real-world values can be 
26% or more lower, on average, than the USEPA label value for some large electric vehicle 
manufacturers.24   
 
CARB should require that the sticker for ZEVs include city and highway fuel economy and range 
estimates that better reflect real-world performance. This includes accounting for manufacturer 
charging recommendations (which often advise that a battery not be charged above 80% of its 
maximum capacity or discharged below 30% of its maximum capacity25) and using more 
realistic driving scenarios (with greater weighting of highway driving) when estimating range.  
 
Expected battery performance over time is also critically important to consumers, many of whom 
will own and operate their vehicle for up to a decade. ACC II currently requires that ZEVs, 
hybrid-electric vehicles, and PHEVs include a label on the battery that provides information 
about the battery system, including the battery chemistry, the minimum voltage of the battery 
pack, the rated capacity of the unit, and a digital identifier. This label is located on the battery 
within the car, however, and does not easily aid consumers in comparing ZEV options when 
shopping.  
 
WSPA supports an amendment requiring that the CARB ZEV window stickers include additional 
information related to battery performance, including expected battery life, battery degradation, 
battery efficiency, charging time, and the impact of temperature, speed, and towing on fuel 
economy and range.  
 
Finally, CARB’s current window sticker for ZEVs displays only the global warming score and the 
smog score the for the ZEV.26 To provide the most accurate information to consumers, the 
global warming and smog scores for ZEVs should be adjusted to reflect the full lifecycle 
emissions of ZEVs, as described above. 


 
23 Gregory Pannone & Dave VanderWerp, Comparison of On-Road Highway Fuel Economy and All-Electric Range to Label Values: 


Are the Current Label Procedures Appropriate for Battery Electric Vehicles?, SAE Technical Paper 2023-04-11, at 3–4-. (“Car 
and Driver Study”).   


24 Car and Driver Study, at 4. 
25 See, e.g,, https://www.tesla.com/ownersmanual/modely/en_us/GUID-BEE08D47-0CE0-4BDD-83F2-9854FB3D578F.html; 


https://www.midtronics.com/blog/is-it-bad-to-charge-an-electric-vehicle-to-100. 
26 CARB. ACCII Amendments Kick-Off Workshop. November 15, 2023. Available at: https://ww2.arb.ca.gov/sites/default/files/2023-


12/2023_11_15%20ACC%20II%20Amends%20Workshop%20slides_ADAv2.pdf. Accessed: January 2024. 
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Thank you for considering our comments. We would welcome the opportunity to discuss these 
concerns in more detail. If you have any immediate questions, please feel free to contact me at 
sellinghouse@wspa.org. We look forward to working with you on these important issues. 
 
Sincerely, 


 
Sophie Ellinghouse 
Vice President, General Counsel & Corporate Secretary 
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Listening to Language Interpretation


1. In your 
meeting/webinar 
controls, click 
Interpretation.


2. Click the language that 
you would like to hear. 
Options for this meeting 
are English and Spanish. 


3. To only hear the 
interpreted language, 
click Mute Original 
Audio. 


2







How to Participate on Zoom


To be added to the 
speaking queue, use 
the Raise Hand 
feature


*9


Phone: Press *9
to Raise Hand 
and *6 to Unmute


Submit questions 
using the Zoom 
Q&A box
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Tech Support and Reminders


Please reach out for help if you have any technical 
challenges 
Contact Natalie Reavey at natalie.reavey@arb.ca.gov 


Reminders 


• Meeting materials are available at the Advanced Clean Cars Website


• Zoom recording will be made available at the link above 


4
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https://ww2.arb.ca.gov/our-work/programs/advanced-clean-cars-program/meetings-workshops





Public Comment and Engagement


• Written comments may be submitted using the ACC II 
Amendments informal comment submittal form
• Comment period will close Friday, July 26


• Submitted comments can be viewed on the ACC II workshop 
comments log webpage


• Reach out to us at Clean Cars (cleancars@arb.ca.gov) 
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Workshop Agenda


• Staff Introductions 
• Background and Timeline 
• Criteria Air Pollutant Standards 
• Light - Duty Greenhouse Gas Fleet Average Standards 
• Zero - Emission Vehicle Assurance Measures 
• Request for Alternatives for the Standardized Regulatory Impact 


Assessment 
• Next Steps
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Meet Our Staff
Staff Person Role


Belinda Chen Manager: 
• ACC II Amendments Rulemaking
• GHG regulation
• LEV regulation


Anna Wong Manager: ZEV regulation


Anna Scodel Lead staff: ACC II Amendments Rulemaking


Natalie Reavey Outreach and community engagement


Lisa Chiladakis Outreach and community engagement
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Staff Person Role


Ugo Obieshi Light - duty criteria and GHG technology and 
emissions control


Kevin Sothy Medium - duty vehicle criteria standards 


Jason Gordon Evaporative emissions


Cody Livingston GHG standards, modeling, and analysis


Xiaoli Hu Light-duty GHG standards and analysis


Seungju Yoon Manager overseeing motor vehicle air conditioning


Tao Zhan Motor vehicle air conditioning


Ryan Hart ZEV technology


Jeff Ongnok ZEV technology


Stephanie Palmer ZEV infrastructure


Banpreet Bhambra ZEV infrastructure


Adrienne Harris ZEV infrastructure


Joyce Wong Environmental performance label







Timeline
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Scope of Advanced Clean Cars II Amendments


Consider alignment 
with EPA where 


appropriate


Develop new standards 
beyond 2025 model year to 
support climate goals; 
consider alignment with 
EPA where appropriate


Developing two new 
assurance measures; 
clarifying or revising 


existing ACC II provisions 
as needed


No amendments under 
consideration; clarifying 
existing language where 
needed
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Criteria Air Pollutant Standards
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Criteria Air Pollutant Standard Topics


• Light - Duty Criteria Pollutant Standards 
• NMOG+NOx 
• Particulate Matter 


• Medium - Duty Criteria Pollutant Chassis - Certified Standards 
• NMOG+NOx 
• Particulate Matter 
• Certification Test Procedure 
• In - use Requirements 


• Evaporative Emission Standards 
• Onboard Refueling Standards 


• Q&A 
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Light-Duty Criteria Pollutant Standards
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Light - Duty NMOG+NOx Fleet Average 
Standard


• LEV IV maintained NMOG+NOx fleet average at 30 mg/mi for MY 
2026+ while excluding ZEVs starting in MY 2029 


• EPA’s Tier 4 standards lowered NMOG+NOx fleet average to 15 
mg/mi by MY 2032 while continuing to include ZEVs in the average 


• No changes needed as both standards require similar levels of 
emission controls 
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Light-Duty NMOG+NOx Certification Bins
Advanced Clean Cars II Bins [mg per mile]


EPA Tier IV Final Bins [mg per mile]


CARB will not amend existing LEV IV bin structure for light - duty vehicles
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Proposal: Eliminate “Cleaner Car” Provision


• LEV IV (13 CCR 1961.4(c)(6) currently prohibits manufacturers from 
certifying vehicles in California at a dirtier bin than they certify to 
with EPA 
• For example, if a vehicle certifies to 35 mg/mi for EPA, it must certify 


in California to 35 mg/mi or lower 
• LEV IV does not offer a bin for 35 mg/mi, but manufacturer cannot 


certify to 40 mg/mi under this provision 


• Eliminating this provision provides manufacturers with greater 
compliance flexibility especially when differences in available bins 
exist 
• LEV IV fleet average does not include ZEVs which reduces risk of 


manufacturers certifying to dirtier bins when still held to a 30 mg/mi 
fleet average
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LD Particulate Matter Emission (PM) Standards


ACC II


• FTP: Maintained 
phase-in to 1 mg/mi 
standard by MY 2028.  


• US06:Reduced US06 
standard from 6 
mg/mi to 3 mg/mi by 
MY 2030


• Phase-in excludes 
ZEVs


EPA Final Rulemaking


• 0.5 mg/mi 
requirement across 
three test cycles (-7°C 
FTP, 25°C FTP, US06)


• Phase-in schedule for 
LDV, LDT1-2: 
20/40/60/100% from 
2027 to 2030
• Includes ZEVs


• Applies to all LDT3-4, 
MDPV in 2030 


CARB Proposal


• Lower PM standard for 
same test cycles from 
1-3 mg/mi to 0.5 
mg/mi for MY2030+ 
(no phase-in)
• Harmonizes with 


EPA final rulemaking
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Medium - Duty Criteria Pollutant Chassis - Certified 
Standards
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MDV NMOG+NOx Fleet Average Standard


ACC II 


• Lowered NMOG+NOx fleet 
average for Class 2b to 150
mg/mi and for Class 3 to 
175 mg/mi by 2030


• Excludes ZEVs from average


EPA Final Rulemaking


• Lowered NMOG+NOx fleet 
average for combined Class 
2b and Class 3 to 75 mg/mi 
by 2033


• Includes ZEVs in average
• Allows MDVs with GCWR > 


22k lbs. the option to 
chassis certify or engine 
certify


CARB Proposal


• Further reduce MDV ACC II 
NMOG+NOx fleet average 
standards for MY2030+ to 
achieve equivalent 
stringency as EPA’s 
projected ICE MDV fleet 
average


• Would align with EPA on 
ICE portion of the fleet and 
achieve further emission 
reductions
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Proposed CA MDV Fleet Average Standard 


Proposed standards would replace current 
MY 2030 standards and set additional 


standards equivalent in stringency to EPA 
standards


Seeking input on:  
• Should MY 2030 remain as separate or combined standards
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MDV NMOG+NOx Certification Bin 
Comparison


Requirement Advanced Clean Cars II MDV Bins


Requirement EPA Tier 4 MDV Bins


EPA and CARB currently offer similar 
bin structure from 75 - 170 mg/mi 
range 20







Proposed MDV NMOG+NOx Certification Bins


Proposed MDV LEV IV Class 2b and Class 3 Bins MY 2030+
Current LEV IV requirement 
phases out highest emitting 
MDV bins after MY 2028 


Proposal phases 
out remaining higher 
emitting bins above 
170 mg/mi after MY 
2029 consistent with 
EPA


Proposal simplifies bin 
structure requiring all 
MDVs to certify to same 
bin range 75 - 170 
mg/mi for MY 2030+


Seeking input on:  
• Should CARB add a bin lower than 75 mg/mi
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MDV Particulate Matter (PM) Standard 


*Low power to weight ratio vehicles have the option to 
certify to a partial US06 (bag 2) standard at 6 mg/mi


ACC II


• Maintain 8-10 mg/mi FTP PM standard  
• US06 and Unified (“UC” or LA92) PM 


standards lowered to  
5-8 mg/mi 


EPA Final Rulemaking


• Tier 4 PM standard for 25°C FTP, -7°C FTP 
and US06 lowered to 0.5 mg/mi phases  -  in 
through MY 2027-2031


CARB Proposal


• Adopt 0.5 mg/mi standard for MY2031+ 
for the FTP and US06 standards 


• Aligns with EPA requirement and achieves 
further PM reductions
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MDV US06 Test Cycle


US06 Test Cycle


UC (LA92) Test Cycle


ACC II


• Class 2b MDVs utilize the US06 cycle 
• But low power to weight ratio vehicles have the 


option to use only a portion of the cycle 
• Class 3 MDVs utilize the Unified cycle (“UC” or LA92)


EPA Final Rulemaking


• Require all Tier 4 MDVs to utilize full US06 cycle with 
phase - in MY 2027 - 2031 


• Eliminates the UC and partial US06 cycle options


CARB Proposal


• Require full US06 cycle for all class 2b and 3 MDVs 
beginning with MY 2030 


• Allow for optional early compliance in MY 2027-
2029 


• Aligns with EPA and simplifies the MDV certification 
requirements
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MDV Optional Engine Certification


Class 3 Diesel Vehicles


Class 3 Incomplete Vehicles


ACC II


• All Class 2b vehicles must chassis certify 
• Optional HD engine certification allowed for Class 3 


diesel and incomplete gasoline vehicles


EPA Final Rulemaking


• Allows chassis certification for all MDVs 
• Optional HD engine certification allowed for all 


MDVs with a GCWR > 22k lbs (diesel and gasoline)


• CARB is not changing the current ACC II optional 
engine certification path that applies only to Class 3 
(diesel and incomplete gasoline vehicles) 


• Not inconsistent with EPA options; manufacturers 
still have an ability to certify to both programs using 
a single certification pathway 
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MDV Moving Average Window (MAW) In  -  use  
Standard ACC II


• Chassis - certified MDVs with GCWR > 14k lbs 
must meet 3 - Bin MAW standards (diesels) and 
1 - Bin MAW standards (gasoline) starting MY 
2027+ 


EPA Final Rulemaking


• Require Tier 4 MDVs with GCWR > 22k lbs to 
meet 3 - Bin or 2 - Bin MAW standard (diesel) and 
1-Bin MAW standard (gasoline) for MY 2031+


CARB Proposal


• Require chassis - certified diesel MDVs to meet a 
2 - Bin MAW standard starting MY 2027+. 


• Aligns with forthcoming proposed amendments 
to HD Omnibus standards


(CARB is not changing the current ACC II 1 - Bin 
MAW standard or GCWR requirement.) 
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Evaporative Emissions: ORVR standards


• EPA Requirement: 
• Extends a current standard to (most) remaining vehicle classes previously 


not covered
• Require ORVR (captures refueling emissions) for heavy-duty incompletes by 


MY 2027 (CTP)*  and  
• Medium - duty incompletes by  MY2030 (Tier 4 FRM)  


• Proposal: Apply ORVR for all incompletes starting MY 2030. Allow 
optional certification before this to harmonize with EPA's various phase-
ins. 
• Rationale: align with EPA 


• Light - duty incompletes already meeting ORVR 


*CTP is EPA's Clean Trucks Plan, Heavy Duty final rule signed December 2022
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Evaporative Emissions: Other Minor Changes


• Additional preconditioning drive for MDV + HDV w/ fuel tanks >50 
gallon 
• Additional FTP drive 
• Aligns with EPA Clean Trucks Plan 


• NIRCOS: extend preconditioning procedure to all vehicle types 
(not just PHEV) 
• Aligns with current certification practices
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Future Workshop Topics


• Altitude Emissions Standards 
• Seeking input on amendments to high - altitude standards that 


balance test burden and protecting for emissions controls in real-
world driving conditions 
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Q&A


To be added to the 
speaking queue, use 
the Raise Hand 
feature


*9


Phone: Press *9
to Raise Hand 
and *6 to Unmute


Submit questions 
using the Zoom 
Q&A box
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Light-Duty Greenhouse Gas Standards
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Light-Duty Greenhouse Gas (GHG) Standards


• Background and Updates Since November 2023 Workshop 
• CA Fleet Average Standard Proposal  


• Policy Design and Stringency 
• Plug  -  in Hybrid Electric Vehicle Crediting  
• Off  -  Cycle Credits  
• Motor Vehicle Air Conditioning Credits  
• Medium - Duty Passenger Vehicle Definition 


• Update on Analysis of Real - World Emissions 
• Q&A
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Developing Updated Light - Duty GHG 
Standards Through 2035+


• Existing standards flatline after the 
2025 model year 


• Beginning in 2035, the only new 
vehicles with tailpipe emissions 
sold in California will be plug - in 
hybrid electric vehicles (PHEVs) 


• Key question: 
• What policy design best 


supports California’s GHG 
goals?
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EPA 2027+ Light-Duty GHG Standards


Program Elements EPA Final Rule


Policy Design Sales-weighted fleet average including ZEVs


Timeframe 2027-2032 and subsequent


Projected ending fleet average standard 
(national)


85 g CO2/mi in 2032 


Footprint curves
• Separate car and truck curves 
• Slopes are flattened to reflect high ZEV shares
• Truck offset is reduced


ZEV upstream emissions Assigns 0 g CO2/mi to ZEVs and PHEV eVMT


Technology  -  specific credits  
(g CO2/mi)


Phase down to 6.6 (car) and 9.2 (truck)
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With ZEV Regulation, California Fleet Will 
Likely Outperform EPA’s Standards
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With Fleet Averaging, Increasing ZEV Sales 
Create ICE Backsliding Risk


What could lead to increasing ICE 
emissions? 
• Conversion of relatively lower-


emitting models to ZEV platforms 
• De - contenting individual models 
• Discontinuing lower - emitting 


variants 
• Recalibrating for performance 


improvement rather than emission 
reductions
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Technologies Available Today Can Further 
Reduce Emissions from Light-Duty ICEVs


Lightweighting Advanced Engine 
Technologies


Hybridization
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Staff Propose an ICE - Only Fleet Average 
Standard Beginning in the 2030 Model Year


Proposal: 
• Remove ZEVs from the fleet 


average beginning in 2030 


• Establish an ICEV+PHEV 
fleet average standard for 
2030 - 2034 


• Establish a PHEV - only fleet 
average standard for 2035+


Seeking input on:  
• Appropriate ICE - only 


stringency and footprint curve 
design
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Proposed ICE - Only Fleet Average Standard 
Would Not Account for PHEV eVMT


Existing Approach 
• Fleet average standard includes ICEVs, 


PHEVs, and ZEVs 


• PHEV GHG emissions are lowered based 
on estimated electric operation 


• The Fleet Utility Factor assigns an eVMT 
share based on all - electric range


PHEV GHG Emissions = 
Charge Sustaining Emissions  
(Internal Combustion Engine)  
discounted by eVMT share


Proposal 
• Fleet average standard includes ICEVs 


and PHEV combustion emissions  


• PHEV GHG emissions are based solely 
on gasoline operation 


• Fleet Utility Factor no longer required 


PHEV GHG Emissions = 
Charge Sustaining Emissions  
(Internal Combustion Engine)  
discounted by eVMT share


Seeking input on:  
• Future PHEV charge-sustaining emissions rates and appropriate stringency
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Staff Are Developing Flexibilities to 
Accommodate a Dwindling ICEV Fleet


Example 
Target 
218 


ICEV Average 
218 324 


ICEV Average + 
Excess ZEVs 
215 


Existing 
flexibilities to 
continue: 
• Credit 


banking/trading


Seeking input on new flexibilities: 
• Transfer of excess ZEV values 
• Additional flexibilities for manufacturers with limited ICEV models 39







Addressing ACC I Credit Banks


Expire after 2029 MY
Credits Carry Forward  
(still subject to 5-year credit life)
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Off-Cycle Credits


Proposal: 
• Off - cycle technologies offer real 


benefits, but small magnitude and 
resource - intensive to implement 


• CARB proposes to phase-out off-
cycle credits 


• Phase - out schedule will depend on 
the stringency 
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Motor Vehicle Air Conditioning Credits: Leakage


• EPA Final Rule 
• Institutes a decreasing cap for A/C 


leakage credit. 
• Retains a smaller A/C leakage credit if 


GWP≤150 for MY31+; 


• Proposal 
• Retain some A/C leakage credit, 


similar to EPA, to backstop reversion 
to higher - leak technologies. 


• Evaluate specific values in the 
formulae to incentivize low - leak 
designs. 


• Consider ZEV - specific leakage 
standard or design requirement.
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Motor Vehicle Air Conditioning Credits: 
Efficiency


• EPA Final Rule 
• Removes A/C efficiency 


credit eligibility for ZEVs 
beginning with the 2027 
model year. 


• Retains A/C efficiency 
credit for ICEVs and 
PHEVs. 


• Proposal 
• Consistent with ICE - only 


fleet average standard, 
restrict A/C efficiency 
credits to ICEVs and 
PHEVs in 2030


Vehicle 
Category


Existing Program  
(g CO2/mi)


EPA Final Rule 
(g CO2/mi) 


ZEV Car: 5 
Trucks: 7.2 


Car: 0 
Trucks: 0


ICEV or 
PHEV


Car: 5 
Trucks: 7.2 


Car: 5 
Trucks: 7.2 
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Medium-Duty Passenger Vehicle Definition
Seating capacity Weight threshold Cargo Area Fixed 


Interior Length
Example Vehicles


Existing ≤12 or  
≤9 rearward of the 


driver


8,500 lbs. < GVWR ≤ 
10,000 lbs.


<72 in Ford F150 Lightning, 
GM Hummer EV, GM 


Silverado EV, Rivian R1T


New ≤12 or  
≤9 rearward of the 


driver


8,500 lbs. < GVWR ≤ 
9,500 lbs.


9,500 lbs. < GVWR ≤ 
14,000 lbs.


<94.0 in


Work Factor < 4,500 
lbs.: <94 in 


Work Factor ≥ 4,500 
lbs.: <72 in


Tesla Cybertruck, 
Nissan Titan XD 


Proposal: Adopt EPA’s updated medium - duty passenger vehicle 
definition for the 2030 and subsequent model years  


(maintain current definition through the 2029 model year) 
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Update on Analysis of PHEV Real - World 
Emissions


• Emission benefit analysis adjusts certification values for real - world 
emissions. 


• Real - world data suggest existing certification values overstate 
PHEV benefits. 


• Key analysis questions: 
• What are the real - world emissions of PHEVs relative to their 


certification values?  
• How does that relationship compare to other vehicle technologies? 
• Are there readily available explanations for any discrepancies?
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Real - World Emissions From PHEVs 
Disproportionately Exceed Certification Values


Data Source 
Bureau of 
Automotive Repair  


Model Years 
2021 and 2022 


ICEVs 
Models: 40 
Count: 29,371 


HEVS 
Models: 25 
Count: 2,488 


PHEVs 
Models: 17 
Count: 2,375 
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High PHEV Emissions Are Not Unique to Out-
of-State Drivers


Data Source 
Bureau of 
Automotive 
Repair  


Model Years 
2021 - 2022 


PHEV 
In State:  
1479 vehicles, 21 
models 


Out of State:  
895 vehicles, 18 
models 
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It Remains Difficult to Predict PHEV Consumer 
Behavior


Data Source 
Bureau of Automotive 
Repair  


Model Years 
2019 - 2022 


PHEV 
Models: 30 
HOV Sticker: 3,012 
No HOV Sticker: 1,954 
In - State Vehicles Only 
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ZEV Assurance Measures


50







ZEV Assurance Measure Topics


• Consumer - facing vehicle label 
• Interoperability 
• ACC II Implementation 


• Battery labeling requirements 
• Data standardization requirements 


• Q&A 
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Background: Consumer-facing Vehicle Labels


• CA Environmental Performance 
Label 
• Supplemental label 
• Incorporated into the U.S. 


EPA/DOT Fuel Economy Label 


• U.S. EPA/DOT Fuel Economy Label 
• Current information not 


informative for ZEVs 


• Develop new CA Environmental 
Performance Label 
• Provide improved metrics U.S. EPA/DOT Fuel Economy Label
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Survey Development and Distribution


• Distributed survey on CA Environmental Performance Label to the 
public in early May 
• Listservs, social media, air districts, nonprofits, CBOs, NGOs 


• Understand which topic areas are most important to consumers 
• Range 
• Charging 
• Battery 
• Environmental scores 
• Current label information 


• 2400+ respondents
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Survey Results


• Most respondents use the current EPA label and websites 
dependent on EPA label data 


• Interest in real - world range numbers 
• Estimated highway range and lowest possible range 


• Interest in DC fast charging capabilities and speed 
• Battery warranty 
• Vehicle efficiency 
• Non - informative metrics 


• MPGe and smog/greenhouse gas scores
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Charge Rate and Range on ZEV Label
• Opportunities to improve on 


existing label range and 
charging speed.  


• For range, CARB is supportive 
of changes to SAE J1634 that 
would allow calculating a 
range at a higher speed from 
data collected during current 
testing. 


• For charge rate, CARB is 
proposing using SAE J2953/4 
to collect charging speed. 
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Charge Rate and Range Data Collection


• Proposed DC charge rate metric: X miles added / 10 minutes 
• Proposed AC charge rate metric: X miles added / 1 hour 
• Proposed collection method: SAE J2953/4 


• Proposed to be used to obtain AC and DC charge rates 
• Specifies vehicle preparation and test procedure 
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Vehicle and Charging Communications 
Interoperability


Communication 
protocols are essential 
to establishing charge 
session 
üEnsure charger cable 


is connected 
üEnsure payment is 


authenticated and 
secure 


üNegotiate appropriate 
charging parameters
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Charging Interoperability:  
Communication Plays a Role in Failures 


2023 VOLTS Testing Event  –  
Charging Failure Causes • ~20% of charging attempts 


reported as failed or 
unsuccessful 
• Of those failures, nearly 80% 


were caused by EV and EVSE 
talking incorrectly to each 
other 


• No failures occurred in the 
middle of a successful session 
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Charging Interoperability:  
Plug and Charge 


What is it? 
• Subset of ISO communication standard 
• Simplifies charging by allowing drivers to plug in and walk away 
• Payment information is stored with the vehicle 
• Helps reduce payment failures


Vehicle Manufacturers
• 15% of available vehicles implement Plug and Charge


Infrastructure Funding Requirements 
• Federal and California funding for new public infrastructure requires 


Plug and Charge 
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Charging Interoperability: Proposal


• Beginning in 2028 model year 
• Applicable to battery electric vehicles and fast charge capable plug-


in hybrid electric vehicles 
• Require DIN SPEC 70121 and ISO 15118  -  2  


• Require implementation of Plug and Charge feature 
• Test conformance to DIN and ISO standards at time of certification 


• Work in progress on SAE J2953/3 Recommended Practice to 
incorporate tests
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Updates on ACC II Battery Label Requirements


• California Code of Regulations 1962.6 
• Early implementation issues 
• Proposed changes 


• Remove requirement that vehicle, 
pack, and module labels remain 
identical, and specify information for 
each label 
• Date 
• Voltage 
• Label position 


• Non - substantive changes 
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Updates on ACC II Data Standardization 
Requirements


• California Code of Regulations 1962.5 
• Early implementation issues 
• Proposed changes 


• Battery State of Health (SOH): Vehicle display should be rounded to 
nearest whole number (zero decimal places) 


• Update SAE J1979 - 3 and J1979 DA references to latest version 
• Non - substantive changes, such as subsection reference updates 
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Standardized Regulatory Impact Assessment 
(SRIA) Request for Alternatives


• CARB welcomes public input on alternatives to the draft regulatory 
proposal discussed in this workshop  


• In particular, CARB encourages public input on alternative 
approaches  that:  
• may yield the same or greater benefits than those associated with 


the  proposed regulation, or  
• may achieve the goals at lower cost 
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Standardized Regulatory Impact Assessment 
(SRIA) Request for Alternatives


• Please ensure the submission discusses the alternative’s ability to 
fulfill the purposes of the draft regulatory proposal as CARB has 
presented it 


• Please submit the associated cost/benefit information and data 
sources to enable comparison of economic impacts 


• Please also submit a clear description of the basis for any cost 
calculations 


Public Comments Due: July 26, 2024
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Next Steps


• Consider stakeholder feedback 
• Submit written public comment through July 26 to our comment 


docket 
• Reach out to us at Clean Cars (cleancars@arb.ca.gov)  


• Conduct community meetings this summer/fall 
• Evaluate costs and benefits of proposal and alternatives 
• Present updated proposals at future workshop 


Subscribe to our listserve for updates
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2022 State SIP Strategy 


Executive Summary 


The 2022 State Strategy for the State Implementation Plan (2022 State SIP Strategy) is a 
Statewide planning document that identifies the strategies and controls under State authority 
that are needed to reduce emissions to reduce ground-level ozone, otherwise known as smog. 
These measures are needed across the State of California for areas to meet the federal 
70 parts per billion (ppb) 8-hour ozone standard (70 ppb ozone standard) set by the 
U.S. Environmental Protection Agency (U.S. EPA) in 2015. More specifically, this document 
describes the State’s proposed commitments to develop control measures and reduce 
emissions from State-regulated sources as needed to support attainment by the required 
attainment dates; these State measures and commitments will be incorporated into regional 
State Implementation Plans (SIPs) for the 70 ppb ozone standard for each nonattainment area, 
due to U.S. EPA in 2022.  


This document, the Proposed 2022 State SIP Strategy, is California Air Resources 
Board’s (CARB or Board) release of the 2022 State SIP Strategy being proposed for Board 
consideration. On January 31, 2022, the CARB released the Draft 2022 State SIP Strategy 
which built off of the 2022 State SIP Strategy: Draft Measures document released in October 
2021 and included additional measures and information needed to support nonattainment 
areas SIPs. This document now identifies all of the proposed measures, associated emissions 
reductions, and other elements needed to support attainment of the 70 ppb ozone standard. 
With the Proposed 2022 State SIP Strategy, CARB is exploring and proposing an 
unprecedented variety of new measures to reduce emissions from the sources under our 
authority using all mechanisms available. This level of action is needed to ensure federal air 
quality standards are attained and to deliver on our commitments to protect public health, 
particularly in light of the growing body of evidence on the adverse impacts of air pollution. 


CARB has over 50 years of experience reducing emissions from mobile and other sources of 
pollution under State authority that have improved air quality and helped mitigate climate 
change. During the 1960s, there 
were as many as 186 smog 
alerts in a single year; today, 
alerts have been eliminated due 
to improvement in air quality. 
The State and our most polluted 
regions have seen dramatic 
improvements in air quality, all 
while California has achieved 
prosperous economic growth 
and become a world leader in 
environmental policies and clean 
technologies. Even with this 
progress, more than half 
(21 million out of nearly 
40 million) of Californians live in 
areas that exceed the most 


Figure 1 – Ozone Air Quality Progress in California



https://ww2.arb.ca.gov/resources/documents/2022-state-strategy-state-implementation-plan-2022-state-sip-strategy

https://ww2.arb.ca.gov/sites/default/files/2022-01/Draft_2022_State_SIP_Strategy.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-10/2022_SSS_Draft_Measures.pdf
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stringent 70 ppb ozone standard1, with many areas also exceeding the previous ozone 
standards of 75 and 80 ppb, as seen in Figure 1. Further, a disproportionate number of those 
most impacted by high ozone levels live in low-income and disadvantaged communities that 
also typically experience greater exposure to diesel exhaust and other toxic air pollutants 
compared to surrounding areas.  


In 2015, U.S. EPA lowered the 8-hour ozone standard from 75 ppb to the more health 
protective level of 70 ppb. Nineteen areas in California are nonattainment for the 70 ppb 
ozone standard (Figure 2); included within these 
nonattainment areas are over 99 percent of the 
disadvantaged communities in the State. 
Controlling ozone precursor emissions, in 
particular oxides of nitrogen (NOx), is key to 
attaining the federal ozone standards. Since 
mobile sources account for about three-fourths of 
NOx emissions statewide, many of these nineteen 
areas in California will need significant mobile 
source emissions reductions to meet the 70 ppb 
ozone standard in attainment years which range 
from 2020 through 2037. The 2037 attainment 
year applies to Extreme classified areas who have 
the most critical ozone air quality challenges. 
California has the only two areas in the nation 
with an Extreme classification for the 70 ppb 
ozone standard, the South Coast Air Basin (South 
Coast) and the San Joaquin Valley (Valley). While 
the Proposed 2022 State SIP Strategy is being 
developed primarily as a roadmap for attaining 
the 70 ppb ozone standard, the emissions reductions will also support attainment of other 
ozone (e.g. 80 ppb, 75 ppb) and fine particulate (PM2.5) national ambient air quality standards 
(NAAQS), make progress towards the State air quality standards, and improve visibility across 
the State.  


Many low-income and disadvantaged communities within the nonattainment areas, and across 
the State, continue to experience disproportionately high levels of air pollution and the 
resulting detrimental impacts to their health. Research shows large disparities in exposure to 
pollution between white and non-white populations in California, and between disadvantaged 
communities and other communities, with Black and Latino populations experiencing 
significantly greater air pollution impacts than white populations. Mobile source pollution 
shows some of the highest disparities; a CARB-funded study indicated that on average, mobile 
sources account for over 30 percent of total PM2.5 exposures.2 Research has shown that 
mobile sources are the largest sources of pollution exposure disparity for Black populations 
and disadvantaged community residents, when compared to the average population in 
California. Specifically, mobile sources accounted for 45 percent of exposure disparity for the 


1 Based on 2020 monitored ozone design values contoured over population by census tract 
2 Apte et al (2019). A Method to Prioritize Sources for Reducing High PM2.5 Exposures in Environmental Justice 
Communities in California. CARB Research Contract Number 17RD006 


Figure 2 - 70 ppb Ozone Nonattainment 
Areas 
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Black population, and 37 percent of exposure disparity for people in disadvantaged 
communities.  


Central to CARB’s planning efforts and programs going forward will be prioritizing 
environmental justice, incorporating racial equity, and conducting meaningful community 
engagement as CARB strives to address the longstanding environmental and health inequities 
from elevated levels of toxics, criteria pollutants, and secondary impacts of climate change. It’s 
imperative that we optimize our control programs to maximize emissions reductions and 
provide targeted near-term benefits in those communities that continue to bear the brunt of 
poor air quality. The Proposed 2022 State SIP Strategy will reduce emissions and the 
corresponding health risk in California’s most impacted communities. As development and 
implementation of the Proposed 2022 State SIP Strategy progresses and forms the basis for 
future regulations, staff will continue to identify opportunities to mitigate air pollution 
associated racial inequities and meaningfully engage and partner with communities most 
impacted to address long standing challenges. 


This Proposed 2022 State SIP Strategy effort builds on the measures and commitments already 
made in the 2016 State Strategy for the State Implementation Plan (2016 State SIP Strategy), 
and expands on the scenarios and concepts included in the 2020 Mobile Source 
Strategy (2020 MSS), CARB’s multi-pollutant planning effort that identifies the pathways 
forward to achieve the State’s many air quality, climate, and community risk reduction goals. 
CARB finalized the 2020 MSS in October 2021, as a conceptual road map for potential future 
measures. The measure concepts in the 2020 MSS form the basis for many of the measures in 
this document and have since been developed further and translated into detailed measures 
with, where possible, anticipated emissions reductions. This document, the Proposed 2022 
State SIP Strategy, will be considered for adoption by the Board and embodies input from 
stakeholders and the Board, and staff assessment of the feasibility of specific measures. Board 
consideration is scheduled for September 2022. The Proposed 2022 State SIP Strategy is also 
being developed in parallel with the 2022 Climate Change Scoping Plan Update 
(2022 Scoping Plan Update); the 2022 Scoping Plan Update is on a similar development 
timeline and will lay out the State’s path to achieving carbon neutrality by 2045. The 2022 
Scoping Plan Update will incorporate actions in the Proposed 2022 State SIP Strategy and rely 
on these actions included in the SIP to also deliver greenhouse gas reductions.  


On October 6, 2021, CARB staff released, in conjunction with a public workshop, the 
2022 State SIP Strategy: Draft Measures (Draft Measures) to solicit public feedback on 
potential measures. After incorporating feedback and further development, CARB released 
the Draft 2022 State SIP Strategy on January 31, 2022 for a public comment period which 
closed on March 4, 2022.  CARB facilitated additional public review and input by hosting 
another Public Workshop on February 10, 2022 and presenting a Board Informational update 
on February 24, 2022. The Draft Measures and Draft 2022 State SIP Strategy included not only 
CARB proposed measures, but also suggestions made by the public as part of our outreach to 
stakeholders across the State. These public suggestions are included in Chapter 3 below, with 
some being developed as proposed measures in the Proposed 2022 State SIP Strategy, as 
shown in Chapter 5. CARB staff will continue to assess the viability of all public suggestions as 
SIP measures. This document, the Proposed 2022 State SIP Strategy, also expands on the 
previous iterations to include additional proposed measure details, proposed measure 
timelines, and potential emissions reductions commitments to attain the standards with the 
objective of supporting attainment of the 70 ppb ozone standard within the attainment 
deadlines.   



https://ww2.arb.ca.gov/resources/documents/2016-state-strategy-state-implementation-plan-federal-ozone-and-pm25-standards

https://ww2.arb.ca.gov/resources/documents/2020-mobile-source-strategy

https://ww2.arb.ca.gov/resources/documents/2020-mobile-source-strategy

https://ww2.arb.ca.gov/sites/default/files/2021-10/2022_SSS_Draft_Measures.pdf
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Control programs already adopted by CARB and upcoming measures that were included in 
the 2016 State SIP Strategy, as well as the local air district and U.S. EPA programs, provide a 
significant down payment on reducing the NOx emissions needed to meet the 70 ppb ozone 
standard and improve air quality throughout the State. As shown in Figure 2, these measures 
will by 2037, achieve almost a 36 percent reduction in total NOx emissions relative to 2018, 
with especially significant reductions in emissions from light-, medium-, and heavy-duty 
on-road vehicles. State control programs have also substantially reduced emissions of reactive 
organic gases (ROG), the other precursor to ozone, and will continue to do so into the future.  


Figure 3 - Statewide NOx Emissions by Sector under Current Control Program3 


However, more NOx emissions reductions from sources under local, State, and federal 
jurisdiction will be needed to attain the 70 ppb ozone standard, especially in the South Coast. 
Figure 4 lists the CARB measures currently being considered to support attainment of the 
70 ppb 8-hour ozone standard statewide, and Table 1 lists the estimated emissions reductions 
from the measures as potential commitments for the nonattainment areas across the State. 
The SIPs for each nonattainment area are still under development, and the emissions 
reductions may change as each attainment demonstration is finalized. The aggregate 
commitment of emissions reductions from State sources to be proposed for Board 
consideration will be found in CARB’s staff report for the respective nonattainment area’s SIP.  


3 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions out to 100 nautical miles, with 
adopted CARB and district measures 







September 22, 2022 


5 


2022 State SIP Strategy 


Figure 4 - Proposed 2022 State SIP Strategy Measures 
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Table 1 – Potential Emissions Reductions Commitments 


*Includes emissions reductions from Federal Actions Needed


For California to meet air quality standards, it is imperative that the federal government act 
decisively to reduce emissions from primarily-federally regulated sources of air pollution, 
including interstate trucks, ships, locomotives, aircraft, and certain categories of off-road 
equipment. CARB and air districts are exploring their respective authorities with regard to 
these sources and associated facilities, but federal action is critical. In 2020, NOx emissions 
from primarily-federally regulated sources exceeded emissions from California-regulated 
mobile sources statewide and, absent federal action, by 2031, NOx emissions from 
primarily-federally regulated sources will be double California-regulated mobile 
sources (Figure 5). 
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Figure 5 – Federal Action Is Critical4 


Since the adoption of the 2016 State SIP Strategy, CARB and our local partners in California 
have taken concrete actions to not only petition federal agencies for action, but also to 
directly reduce emissions using programmatic mechanisms within our respective authorities. 
Unfortunately, U.S. EPA action to limit emissions from most of these sources has yet to 
materialize, and action on heavy-duty trucks is still in the proposal stage, making it more 
challenging to meet air quality standards and reduce air pollution that harms public health in 
California.  


Moreover, as a result of the COVID-19 pandemic, countries across the world have seen supply 
chain disruption and an all-time high demand for goods and freight movement. Although 
CARB’s regulations such as the Ocean-Going Vessels At Berth Regulation, the Mobile Cargo 
Handling Equipment Regulation, and the Drayage Truck Regulation can help to reduce 
emissions from increased freight movement, increased demand and strain on the supply chain 
reemphasizes that action by U.S. EPA and other federal and international entities to control 
sources primarily under their regulatory authority remains critical. These dramatic increases 
and congestion at port facilities, railyards, warehouses, and in surrounding communities in 
California emphasize the need for federal action to address freight sources including 
ocean-going vessels, locomotives, and interstate trucks to protect the health of California 
residents. This congestion is particularly acute at the San Pedro Bay Ports which include the 
Ports of Los Angeles and Long Beach. Port congestion has led to a significant increase in the 
number of container vessels sitting at anchor, with as many as 114 vessels continuously using 
auxiliary engines to provide power for shipboard functions as of November 2021.5 This 
has resulted in average daily emissions from container ships increasing by 24.4 tpd of NOx and 


4 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions out to 100 nautical miles with 
adopted CARB and district measures 
5 CARB. Emissions Impact of Freight Movement Increases and Congestion near Ports of Los Angeles and Long 
Beach. https://ww2.arb.ca.gov/sites/default/files/2022-01/SPBP_Freight_Congestion_Emissions_Jan2022.pdf  



https://ww2.arb.ca.gov/sites/default/files/2022-01/SPBP_Freight_Congestion_Emissions_Jan2022.pdf
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0.6 tpd of particulate matter (PM) in the South Coast in November. As for increased freight 
movement, based on increased in containers moved between May and October 2021, 
increased freight movement in and out of the ports is expected to increase the activity of 
trucks, cargo handling equipment, and locomotives such that combined emissions from these 
sources increase by 5.6 tpd NOx and 0.1 tpd PM. These emission increases from ocean-going 
vessel congestion and freight movement negatively impact air quality, especially in 
communities near ports. During the worst of the port congestion in November 2021, the 
increased marine vessel anchorage emissions was comparable to the exhaust PM emissions 
from more than 100,000 Class 8 diesel trucks. Due to implementation of new policies for 
vessels queuing at the ports, congestion from containerships at anchor have since returned to 
normal pre-congestion conditions. However, these dramatic emission increases from vessels 
and related freight demonstrate how important immediate action is by federal and 
international entities to control emissions from sources under their regulatory authorities. 


The Proposed 2022 State SIP Strategy reinforces the 2020 MSS call to action for air quality 
regulatory agencies, not only at the State and local level, but more importantly by the federal 
government. Figure 6 lists the actions needed at the federal and international levels for which 
CARB is proposing in the Proposed 2022 State SIP Strategy to undertake petitions and/or 
advocacy. 


Figure 6 – Federal Actions Needed 


Federally-Certified On-Road Heavy-Duty Vehicles
•On-Road Heavy-Duty Low-NOx Engine Standards


•On-Road Heavy-Duty Vehicle Zero-Emission Engine Standards


Preempted Off-Road Equipment 
•More Stringent Emission Standards for Preempted Off-Road Engines


•Off-Road Zero-Emission Standards Where Feasible


Locomotives
•More Stringent National Locomotive Emission Standards


•Zero-Emissions Standards for Locomotives
•Address Locomotive Remanufacturing Loophole


Ocean-Going Vessels
•More Stringent NOx and PM Standards for Ocean-Going Vessel Requirements


•Cleaner Fuel and Visit Requirements for Ocean-Going Vessels


Aviation
•More Stringent Aviation Engine Standards


•Cleaner Fuel and Visit Requirements for Aviation
•Zero-Emission Airport On Ground Support Requirements


•Airport Aviation Emissions Cap



https://www.pacmms.org/wp-content/uploads/2022/02/Container-Vessel-Queuing-Process-for-LA.LB_.OAK_.pdf
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For most areas in California to attain the 70 ppb ozone standard, any and all potential 
reductions must be pursued, and a combination of State authority measures from the 
Proposed 2022 State SIP Strategy, local district measures, and federal action will be required. 
Although some of the potential measures included in this document primarily target 
reductions in greenhouse gas (GHG) emissions or toxic air contaminants, they are nonetheless 
included as they will also achieve criteria pollutant co-benefits. 


The measures proposed in this document, in combination with ongoing implementation of 
current control programs, will reduce NOx emissions from mobile sources by at least 
64 percent from today’s levels Statewide by 2037, as well as reduce emissions of ROG by 
58 percent. Of these Statewide reductions, a large portion will occur in and around 
communities near major roadways and freight facilities like ports, airports and warehouses, 
providing substantial health benefits. As outlined further in Chapter 3 and 4, the proposed 
measures and commitments will provide the reductions needed from these sources for 
meeting the 70 ppb ozone standard in the South Coast, the San Joaquin Valley, and the other 
nonattainment areas for which emissions reductions from new measures will be needed for 
attainment. In addition to the reductions identified above from CARB’s proposed measures, 
actions to advance deployment of cleaner technologies will continue to be critical to 
supporting attainment of the 70 ppb ozone standard in the South Coast. 


Public participation has been an essential part of developing the Proposed 2022 State SIP 
Strategy. CARB initiated the public process with a workshop in July 2021, released the Draft 
Measures document and held a second workshop in October 2021, released the Draft 2022 
State SIP Strategy in January 2022, held a third workshop and informational update to the 
Board in February 2022, and has solicited input from numerous interested stakeholders in 
individual meetings. These workshops and Board updates provided forums for the proposed 
measures to be discussed in a public setting and provide additional opportunity for public 
feedback, input, and ideas. CARB initiated a 45-day California Environmental Quality Act 
(CEQA) comment period on March 29, 2022. Also, each measure in the Proposed 2022 State 
SIP Strategy will go through a thorough public process prior to being brought to the Board for 
consideration as a regulation or other program. 


CARB is releasing this Proposed 2022 State SIP Strategy in advance of local air districts 
adopting plans for their respective nonattainment areas that rely on emissions reductions from 
measures in this document, and in advance of an August 23, 2022 public workshop. Moving 
forward, the Board will consider the Proposed 2022 State SIP Strategy on 
September 22, 2022, to be incorporated into the 70 ppb ozone standard SIPs due to U.S. EPA 
in 2022. 


CARB staff recommends that the Board adopt the Proposed 2022 State SIP Strategy including 
the proposed commitments to pursue the list of measures according to the schedule in Table 
3.
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2022 State SIP Strategy 


Chapter 1: Introduction 


Overview of Strategy 


The Proposed 2022 State SIP Strategy describes CARB staff’s roadmap for reducing emissions 
from State sources to help local air districts attain the health-based 70 ppb ozone standard 
over the next fifteen years. Under State law, CARB is responsible for developing SIP emission 
reduction strategies for cars, trucks, and other mobile sources, as well as consumer products 
and other sources under State authority. The California Department of Pesticide Regulation 
(DPR) is the State agency responsible for controlling pesticide emissions. Local air districts are 
primarily responsible for controlling emissions from stationary sources such as factories and 
power plants. The upcoming SIPs for each of the ozone nonattainment areas in California will 
be developed jointly by CARB and the local air districts, building upon the Proposed 2022 
State SIP Strategy, as well as local air district air quality planning documents.  


Given that in 2015, U.S. EPA established a lower, more health protective ozone standard of 
70 ppb, substantial reductions from all sources – mobile, area-wide and stationary – will be 
necessary to reach attainment. This will require comprehensive actions to transform the 
technologies and fuels we use, the design of our communities, and the way we move people 
and freight throughout the State. Nineteen areas in California, as shown in Figure 6, are 
designated as nonattainment for the 70 ppb ozone standard. Of the nineteen areas, ten areas 
are classified under the federal Clean Air Act as Moderate or above, and thus are required to 
develop a SIP revision including an attainment plan demonstrating how the area will attain the 
standard by the relevant date. Two areas of the State have the most critical air quality 
challenges – the South Coast and the San Joaquin Valley. These regions are the only two areas 
in the nation with an Extreme classification for the 70 ppb ozone standard. 


Statewide, more than 21 million out of over 39 million Californians live in areas that exceed the 
federal ozone standards6; within these areas, there are many low-income and disadvantaged 
communities that are exposed to not only ozone, but also particulate and toxic, pollutant 
levels significantly higher than the federal standards which have immediate and detrimental 
health effects. That said, the health and economic impacts of exposure to elevated levels of 
ozone in California are also considerable; meeting the standards will pay substantial dividends 
in terms of reducing costs associated with emergency room visits and hospitalization, lost 
school days, and most critically, premature mortality. This year’s SIPs are therefore an 
important step in bringing healthy air to all Californians. 


In October 2021, CARB finalized the 2020 MSS which continues CARB’s multi-pollutant 
planning approach to determine potential pathways forward for the various mobile sectors 
that are necessary to help achieve California’s numerous air quality and climate goals over the 
next 30 years. Though the MSS itself is conceptual, and multiple combinations of regulations, 
incentive programs, and other actions can realize its goals, it serves as an important 
foundation for measure development. Because meeting the State’s near- and longer-term 
goals requires action across the full spectrum of mobile sources, the 2020 MSS discussed 
on-road light- and heavy--duty vehicles, as well as a wide range of off-road equipment sectors. 
California’s goals fostered an integrated planning approach in which, building off the success 


6 Based on 2020 monitored ozone design values contoured over population by census tract 
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of the 2016 MSS, the 2020 MSS demonstrated the need for a comprehensive transformation 
to cleaner vehicle technologies, fuels, and energy sources.  


The 2020 MSS provides a framework that complements multiple related planning efforts that 
are currently underway at CARB. These other plans include regional SIPs described in this 
document, as well as the 2022 Scoping Plan Update which is focused on achieving GHG 
emissions reductions, and Community Emissions Reduction Programs developed by selected 
communities and their district partners as a part of CARB’s Community Air Protection 
Program. Each of these planning efforts draws from the 2020 MSS released by CARB in 
October 2021 by taking concepts and developing specific roadmaps for meeting climate and 
air quality targets. As with these other planning efforts, the measures included in the Proposed 
2022 State SIP Strategy build upon the concepts included in the 2020 MSS but have been 
further refined based on public and Board input. Further, the 2022 Scoping Plan Update will 
incorporate actions in the Proposed 2022 State SIP Strategy and rely on these actions included 
here to also deliver greenhouse gas reductions.  


Blueprint for Success 


CARB’s current control programs have achieved tremendous success in reducing NOx and 
ROG emissions. Ongoing implementation of these programs will result in substantial further 
emissions reductions through 2037 and provide a significant down payment for meeting the 
70 ppb ozone air quality standard. As shown in Figure 7 existing control programs will reduce 
statewide NOx from 1395 tpd in 2018 to 858 tpd in 2037. Mobile sources, especially on-road 
control programs, will provide the majority of the anticipated emissions reductions such that 
the relative contribution of stationary sources will increase from 14 percent in 2018 to 
22 percent in 2037. As shown in Figure 8, these same control programs will also reduce 
emissions of ROG which also contribute to ozone formation, from 1580 tpd in 2018 to 
1356 tpd in 2037. As with NOx, relatively more emissions reductions will be achieved from 
mobile sources, with the relative contribution of stationary and area (i.e. widely dispersed) 
sources of ROG increasing. 
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Figure 7 - Statewide NOx Emissions by Sector under Current Control Program7 


Figure 8 – Statewide ROG Emissions by Sector under Current Control Program8 


Nonetheless, significant further reductions will be required to meet air quality standards across 
the State. Zero-emission vehicle (ZEV) commercialization in the light-duty sector is well 
underway. Longer-range battery electric vehicles are coming to market that are cost-
competitive with gasoline fueled vehicles and fuel cell vehicles are now also seeing significant 
sales. Autonomous and connected vehicle technologies are being installed on an increasing 
number of new car models. A growing network of retail hydrogen stations is now available, 
along with a rapidly growing battery charger network. In the heavy-duty sector, cleaner 
combustion technologies are available in the market, and zero-emission technologies are 
commercially available for many uses and are being further demonstrated in a range of 
targeted applications, with model availability steadily growing across uses. Advanced 


7 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions out to 100 nautical miles with 
adopted CARB and district measures 
8 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions out to 100 nautical miles with 
adopted CARB and district measures 
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technologies for aircraft, locomotives, and ocean-going vessels pose a greater challenge, but 
further reductions can be achieved through cleaner engine standards, cleaner fuels, 
investment in promising zero-emission technologies, and greater system efficiencies.  


The success of California’s long-standing mobile program provides a blueprint for how to 
effectively implement CARB’s long-term vision for reducing the State’s air quality and climate 
footprint. The mobile source blueprint takes a portfolio approach that combines 
technology -forcing emissions standards for new vehicles, an accelerating transition to 
zero--emissions adoption for new and existing vehicles, targeted in-use regulations where 
needed, cleaner burning fuels in remaining combustion uses, durability requirements and 
inspection programs to ensure clean in-use performance, sales requirements for advanced 
technologies, pilot programs to demonstrate technologies, and incentive programs and other 
actions to accelerate technology deployment. Continuing partnerships across transportation 
and housing planning bodies to reduce vehicle miles travelled and shift to less polluting 
transportation sectors are another critically important part of this portfolio. Moreover, the 
portfolio operates on multiple scales: federal efforts on certain sources and district programs 
that can reduce emissions from indirect sources that increase mobile source emissions, such as 
ports and warehouses, further reduce emissions. The SIP measures described in this document 
continue this successful approach of pursuing in parallel regulatory, incentive, and 
market-based approaches. 


Proposed Actions 


The proposed SIP measures identify the regulatory and programmatic approaches necessary 
to deploy cleaner technologies and fuels and ensure sufficient penetration to meet air quality 
standards by deadlines established in the Clean Air Act. Together, these efforts will provide 
CARB’s commitment to achieve all of the reductions necessary from State-regulated sources 
to meet the 70 ppb ozone standard. 


For passenger vehicles, the Proposed 2022 State SIP Strategy includes actions to increase the 
penetration of ZEV by targeting ride-hailing services offered by transportation network 
companies and, for motorcycles, the Proposed 2022 State SIP Strategy proposes more 
stringent exhaust and evaporative emissions standards along with zero-emissions sales 
thresholds. For heavy-duty vehicles, the Proposed 2022 State SIP Strategy calls for 
zero-emission requirements for fleets, and a requirement to transition heavy-duty vehicles to 
zero-emissions technologies at the end of their useful life.  


Similar actions are proposed for off-road sources, with a focus on deployment of more 
stringent exhaust and evaporative emissions standards and ZEV technologies where feasible. 
For other sources including consumer products and residential and commercial buildings, the 
Proposed 2022 State SIP Strategy proposes reducing emissions through use of zero-emission 
technologies and cleaner product formulations. 


Finally, for sources that are primarily-federally and internationally regulated, such as interstate 
trucks, preempted off-road equipment, locomotives, aviation, and ocean-going vessels, the 
Proposed 2022 State SIP Strategy includes proposed commitments for certain CARB actions 
within our authority. Further, this strategy proposes petitions and other advocacy calling for 
U.S. EPA and other federal and international entities to take action to provide the needed 
emissions reductions. Actions needed at the federal and international levels include setting 
more stringent engine standards, requiring zero-emission technologies where feasible, and 
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potential requirements to require that only the cleanest vessels and aircraft visit California, 
given the severity of our attainment challenges. Strong federal and international action is 
critical as these sources represent an increasing fraction of ozone-forming emissions in 
California. 


California’s South Coast is the region facing the greatest challenge in meeting the 70 ppb 
ozone standard, and continues to drive towards attainment of the previous 75 and 80 ppb 
8-hour ozone standards. That said, approximately 47 percent of the reductions needed to
meet the standard in South Coast by 2037 will come from ongoing implementation of the
existing control program.


Figure 9 – South Coast Air Basin NOx Emissions under Current Control Program 
(emissions out to 100 nautical miles)9  


However, more emissions reductions are needed in South Coast beyond the existing control 
program to reach the NOx carrying capacity of approximately 60 tpd established by the South 
Coast Air Quality Management District needed to meet the 70 ppb ozone standard. Figure 9 
shows that although existing control programs are expected to reduce total NOx in South 
Coast from 350 tpd in 2018 to 184 tpd in 2037, an additional 124 tpd of reductions are 
needed by 2037 to achieve the 60 tpd NOx emissions carrying capacity. Of the 124 tpd of 
NOx emissions reductions needed, the Proposed 2022 State SIP Strategy measures will 
provide an estimated 89.3 tpd of NOx emissions reductions in 2037 for the South Coast. 
Further, an additional 6.4 tpd of NOx emissions reductions will be achieved from measures in 
the 2016 State SIP Strategy that were very recently adopted or are to be adopted in the 
coming year, and are thus yet to be incorporated into the baseline emissions inventory, as 
discussed in Chapter 4. The multipronged approach described in this document is critical to 
driving the technology development and deployment of the most stringent engine standards 
and zero-emission technologies into the fleet, needed not just to attain the 70 ppb ozone 
standards but also to meet California’s GHG emission reduction goals. 


9 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions with adopted CARB and district 
measures 
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Implementing the Proposed 2022 State SIP Strategy will require early and sustained action, 
and include efforts not only by CARB, but also air districts, U.S. EPA, and other federal and 
international agencies. Partnerships with the private sector will also be critical for continued 
market development of identified technologies. Lessons learned through implementing 
policies that have helped to drive the commercialization of passenger ZEV technologies have 
illustrated the importance of coupling regulatory market signals with targeted actions to 
support demonstrations and incentives to accelerate their penetration when commercially 
available. Pilot and demonstration projects can help to prove the feasibility of new 
technologies in real-world applications, reducing barriers to entering the market, and 
potentially increasing private sector investments. To accelerate penetration once commercially 
available, targeted incentives play a critical role in reducing barriers to future market growth 
by ensuring that the needed zero--emission technologies can economically compete with 
existing technologies, as discussed further in Chapter 7. While significant investments will be 
necessary, California has a long and successful legacy of building a world class economy in 
concert with innovative and effective environmental and public health policies, including 
focused incentive programs. 


Health Impacts 


Despite decades of progress in improving air quality, large areas of California still suffer some 
of the worst air quality in the nation. Air pollution, including emissions from mobile sources, 
contribute to a wide range of heart and lung illnesses, chronic health conditions, increased 
cancer rates, and premature death. Every year, over 5,000 premature deaths and hundreds of 
illnesses and emergency room visits for respiratory and cardiovascular disease in California are 
linked to PM2.5 pollution, of which more than half is produced by mobile sources.10 Recent 
research demonstrates that fine particulate pollution impacts not only the heart and 
respiratory system, but also brain health and adverse birth outcomes.11 The health impacts of 
exposure to elevated levels of ozone in California are also considerable, including higher levels 
of emergency room visits and hospitalization, lost school days, and most critically, premature 
mortality. Moreover, for the millions of California residents living in low-income and 
disadvantaged communities and experiencing disproportionate levels of negative health 
impacts from air pollution,12 actions to reduce fossil fuel combustion and move to cleaner 
power sources are even more important. 


10 CARB. (2016). Mobile Source Strategy. https://ww2.arb.ca.gov/resources/documents/2016-state-strategy-state-
implementation-plan-federal-ozone-and-pm25-standards 
11 USEPA. (2019a). Integrated Science Assessment for Ozone and Related Photochemical Oxidants (External 
Review Draft). Retrieved from https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=344670. 
U.S. EPA (2019b). Policy Assessment for the Review of the National Ambient Air Quality Standards for Particulate 
Matter, External Review Draft 
12 American Lung Association. (2020). State of the Air; Union of Concerned Scientists, U. (2019). Inequitable 
Exposure to Air Pollution from Vehicles in California (2019); Cushing et al. (2015). Racial/ethnic disparities in 
cumulative environmental health impacts in California: evidence from a statewide environmental justice screening 
tool (CalEnviroScreen 1.1). American journal of public health, 105(11), 2341-2348. 
12 U.S. EPA (2019b). Policy Assessment for the Review of the National Ambient Air Quality Standards for 
Particulate Matter, External Review Draft. 
12 Ibid. 



https://ww2.arb.ca.gov/resources/documents/2016-state-strategy-state-implementation-plan-federal-ozone-and-pm25-standards
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2022 State SIP Strategy 


Health Impacts from Mobile Source Emissions 


Fossil fuel combustion from cars, trucks, buses, and on- and off-road equipment emits criteria 
air pollutants and their precursors, including NOx and oxides of sulfur (SOx) emissions. While 
NOx and SOx emissions are harmful in themselves, NOx is also a precursor to ozone, which 
can cause irritation and damage lung tissue, worsen asthma and chronic illnesses including 
obstructive pulmonary disease and reduce lung function.13 Studies have linked short-term 
ozone exposure with increased risk of death.14 


In addition to contributing to ozone, the biggest impact on health from NOx and SOx 
emissions comes when they combine in the atmosphere to form secondary PM2.5, often miles 
downwind of the sources. PM2.5 pollution contributes to more fatalities than other air 
pollutants, and can lodge deep in the lungs or pass through the lungs to enter the blood 
stream and affect the heart, brain, and other organs.15 Short-term exposure to PM2.5 pollution 
is associated with increased hospitalizations and emergency room visits for heart and lung 
illnesses, and can lead to premature death.16 Adverse health effects from long-term exposure 
to PM2.5 pollution include increased risk of heart attacks and heart disease, impaired lung 
development in children, the development and exacerbation of asthma, and premature 
death.17 Other possible impacts from PM2.5 exposure that are being investigated include low 
birth weight and impacts to the brain.18 


Diesel engines emit a complex mixture of air pollutants, including both gaseous and solid 
material. The solid material in diesel exhaust is known as diesel particulate matter (DPM or 
diesel PM). More than 90 percent of DPM is less than 1 µm in diameter (about 1/70th the 
diameter of a human hair), and thus is a subset of PM2.5.19 DPM is typically composed of 
carbon particles (“soot”, also called black carbon) and numerous organic compounds, 
including over 40 known cancer-causing organic substances such as benzene and 
formaldehyde. In 1998, CARB identified DPM as a toxic air contaminant which has been linked 
to increased cancer risk, respiratory and cardiac illnesses and premature deaths.20 CARB 
estimates that about 70 percent of total known cancer risk related to air toxics in California is 
attributable to DPM.21 Diesel exhaust also contains gaseous pollutants, including ROG and 
NOx that lead to the formation of secondary PM2.5 and ozone. Most major sources of diesel 


13 U.S. EPA (2019b). Policy Assessment for the Review of the National Ambient Air Quality Standards for 
Particulate Matter, External Review Draft. 
14 Ibid 
15 U.S. EPA. (2019a). Integrated Science Assessment for Ozone and Related Photochemical Oxidants (External 
Review Draft). 
16 Ibid. 
17 Ibid. 
18 Boothe, V. L., Shendell, D. G. (2008). Potential health effects associated with residential proximity to freeways 
and primary roads: review of scientific literature, 1999–2006. Journal of Environmental Health, 70(8), 33-41.; 
Wang et al (2020). Traffic-related Metrics and Adverse Birth Outcomes: A Systematic Review and Meta-analysis. 
Environmental Research, 109752.  
Woods et al (2017). The influence of the built environment on adverse birth outcomes. Journal of Neonatal-
Perinatal Medicine, 10(3), 233-248. 
CARB (2018) Air Pollution and the Brain https://ww2.arb.ca.gov/resources/fact-sheets/air-pollution-and-brain 
19 CARB (2020). Overview: Diesel Exhaust & Health https://ww2.arb.ca.gov/resources/overview-diesel-exhaust-
and-health 
20 Ibid. 
21 Ibid. 
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emissions, such as ships, trains, and trucks, operate in and around ports, rail yards, and heavily 
traveled roadways, which are often located near densely populated and disadvantaged 
communities. 


Increased cargo imports and congestion of ocean-going vessels at ports across California, 
together with the related increased activity of trucks and locomotives moving containers in 
and out of the ports, has recently led to significant emissions increases. The increases in NOx 
emissions can contribute to elevated ozone and PM2.5 concentrations in areas near ports and 
freight facilities, areas that have major freeways and freight corridors such as throughout the 
San Joaquin Valley, and downwind areas such as the South Coast’s Inland Empire. Further, 
these freight sources also emit DPM which, as just discussed, can have detrimental health 
impacts, especially in communities near ports such as the Ports of Los Angeles and Long 
Beach, and the Port of Stockton. 


Environmental Justice and Pollution Exposure Disparities 


Low-income and disadvantaged communities have long faced disproportionate burdens from 
exposure to air pollution. Research shows large disparities in exposure to pollution between 
white and non-white populations in California, and between disadvantaged communities and 
other communities, with Black and Latino populations experiencing significantly greater air 
pollution impacts than white populations. Mobile source pollution shows some of the highest 
disparities; a CARB-funded study indicated that on average, mobile sources account for over 
30 percent of total PM2.5 exposures.22 Research has shown that mobile sources are the largest 
sources of pollution exposure disparity for Black populations and disadvantaged community 
residents, when compared to the average population in California. Specifically, mobile sources 
accounted for 45 percent of exposure disparity for the Black population, and 37 percent of 
exposure disparity for people in disadvantaged communities. 


Recently, there has been increased interest in the development of new warehousing facilities 
within disadvantaged communities, which can significantly increase emissions in those 
communities.  In response, some local governments have adopted moratoriums to halt 
development of future warehousing facilities while the emissions impacts are evaluated.  Other 
local governments have adopted good neighbor policies to promote the use of available 
advanced technologies.  These actions are excellent examples of local leadership that will 
result in near-term emissions reductions in environmental justice communities, and support 
reductions needed to provide for attainment of federal standards.  CARB’s unique authority to 
set emission reduction standards will continue to establish these cleaner advanced 
technologies 


CARB’s current control programs have drastically reduced emissions and improved air quality 
across the State over the last 50 years. As we continue to adopt and implement new 
regulations, including the measures included in the Proposed 2022 State SIP Strategy, we 
expect that we will continue to see air quality improvements such that we will meet federal 
and State air quality standards, as well as California’s many other targets, and substantially 
reduce negative health impacts. 


22 Apte et al (2019). A Method to Prioritize Sources for Reducing High PM2.5 Exposures in Environmental Justice 
Communities in California. CARB Research Contract Number 17RD006 
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Economic and Environmental Analyses 


CARB has developed an economic analysis for the Proposed 2022 State SIP Strategy, as 
described in Appendix A: Economic Analysis. Appendix A describes the estimated statewide 
costs and benefits of all proposed measures through 2037, and includes an assessment of the 
broader macroeconomic impacts. In addition to the economic analysis included in the 
Proposed 2022 State SIP Strategy, a more detailed economic analysis will be developed for 
each specific measure as it progresses through the regulatory development process.  


To evaluate the potential for significant adverse environmental impacts associated with 
implementation of the Proposed 2022 State SIP Strategy, CARB prepared a Draft 
Environmental Analysis (Draft EA), pursuant to its regulatory program certified by the 
Secretary of the Natural Resource Agency23. In accordance with the Public Resources Code24, 
public agencies with certified regulatory programs are exempt from certain CEQA 
requirements, including but not limited to preparing environmental impact reports, negative 
declarations, and initial studies25. The resource areas from the CEQA Environmental Checklist 
are used as a framework for assessing the potential for significant impacts26.  


The Draft EA was released on March 29, 2022 and added as Appendix B to the Proposed 2022 
State SIP Strategy. The Draft EA was released for public review and comment, and a docket 
was opened for a 45-day public review period. CARB will summarize and respond in writing to 
all comments submitted on the Draft EA in a supplemental response to environmental 
comments document. Prior to final action on the Proposed 2022 State SIP Strategy, the Board 
will consider for approval the Final EA and a response to environmental comments document. 


Next Steps 


CARB is continuing to work with the local air districts on development of their SIPs for the 
70 ppb ozone standard; as the measures and commitments from the 2022 State SIP strategy 
will be incorporated into these regional SIPs, CARB will continue to solicit additional 
stakeholder input on the potential commitments in the Proposed 2022 State SIP Strategy. 
CARB will present the Proposed 2022 State SIP Strategy for Board consideration at the 
September 2022 Board meeting. The Board will also consider the analysis of potential 
environmental impacts of the Proposed 2022 State SIP Strategy, which are analyzed and will 
be included in Appendix B: The Final Environmental Analysis for the proposed 2022 State 
Strategy for the State Implementation Plan. Further, the Board will hear the discussion of the 
overall impacts of the Proposed 2022 State SIP Strategy on the California economy. 


The proposed measures included in the Proposed 2022 State SIP Strategy provide the basis 
for specific legal commitments in SIPs for individual air districts that will first be considered at 
the regional level. CARB will then consider approval of the regional SIPs and individual SIP 
emissions reduction commitments prior to submitting the plans to U.S. EPA. As part of this 


23 14 CCR 15251(d); 17 CCR 60000–60008 
24 Section 21080.5 of CEQA 
25 14 CCR 15250 
26 17 CCR 60005(b) 
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effort, CARB has been closely coordinating with staff at each of the local air districts for which 
an attainment plan is required. 
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Chapter 2: Nonattainment Areas and Emissions Reduction Needs 


Federal Clean Air Act Requirements 


The federal Clean Air Act sets out requirements for adoption of air quality standards, as well as 
the required elements of SIPs, which must demonstrate how a nonattainment area will meet 
the standards by the required attainment deadline. SIPs must identify both the magnitude of 
reductions needed and the actions necessary to achieve those reductions. SIPs also include a 
demonstration that the area will make reasonable further progress towards attainment, is 
implementing reasonably available control technology on all major sources, has a program in 
place to address emissions from new stationary sources, and meets transportation conformity 
requirements. 


As shown in Figure 10, the work of developing and implementing a SIP is shared between 
CARB and local districts and CARB plays multiple roles in the SIP development and approval 
process. Under State law, CARB is responsible for controlling emissions from consumer 
products and mobile sources (except where federal law preempts CARB’s authority), 
developing fuel specifications, and coordinating SIP strategies with Bureau of Automotive 
Repair and DPR. Local air districts are primarily responsible for controlling emissions from 
stationary and area-wide sources (with the exception of consumer products) through rules and 
permitting programs. Finally, U.S. EPA has primary authority to control emissions from certain 
mobile sources, including sources all or partly under federal jurisdiction (such as interstate 
trucks, some farm and construction equipment, aircraft, marine vessels, and locomotives), 
which it shares in some cases with local districts and CARB. 


Figure 10 – Air Agency Roles and Responsibilities 


Decades of research programs and technical work conducted by CARB, air districts, U.S. EPA, 
academic institutions, other research organizations, and the private sector provide the 
scientific foundation for determining effective control approaches. Because of the critical role 
of State-regulated sources towards attainment, CARB staff continue to work closely with air 
districts in development of the overall Proposed 2022 State SIP strategy. As part of this effort, 
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air districts develop corresponding strategies for sources under their authority. These 
strategies are included in area-specific SIPs that are first considered at the local level. As the 
lead air quality agency for the State, CARB must then evaluate these SIPs to ensure they meet 
State law and federal Clean Air Act requirements. These SIPs are then considered by the 
Board, and if approved, submitted to U.S. EPA. 


Nonattainment Areas 


U.S. EPA is required to periodically review the latest health research to ensure that standards 
remain protective of public health. Based on research demonstrating adverse health effects at 
lower exposure levels, U.S. EPA has set a series of increasingly health protective air quality 
standards. This year, CARB will be considering SIPs to address the 70 ppb ozone standard. Of 
the nineteen areas designated as nonattainment in the State, ten areas in California are 
classified as Moderate and above for the 70 ppb ozone standard and need to develop a SIP. 
They include California’s large urban regions, as well as rural downwind areas. Ozone 
nonattainment areas are classified according to the severity of their air pollution problem; 
areas with higher pollution levels are given more time to meet the standard (i.e. attainment 
date), but are also subject to more stringent control requirements. The South Coast and San 
Joaquin Valley are the only two Extreme areas in the nation with an attainment deadline of 
2037. Table 2 shows the nonattainment areas, classifications, attainment years, and 2020 
design values.  
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Table 2 - Ozone Nonattainment Areas for 70 ppb 8-Hour Ozone Standard 


Nonattainment Area Classification Attainment Year 2020 Design Value (ppb) 
South Coast Air Basin Extreme 2037 114 


San Joaquin Valley Extreme 2037 93 


Western Mojave Desert Severe 2032 90 


Coachella Valley Severe 2032 88 


San Diego County Severe 2032 79 


Ventura County Serious 2026 7527 


Sacramento Metro Serious28 2026 86 


Eastern Kern County Serious28 2026 86 


Western Nevada County Serious 2026 7529 


Mariposa County Moderate30 2023 79 


Amador County Marginal 2020 69 


Butte County Marginal 2020 7031 


Calaveras County Marginal 2020 6932 


Imperial County Marginal 2020 78 


San Francisco Bay Area Marginal 2020 69 


E. San Luis Obispo
County


Marginal 2020 7033 


Sutter Buttes Marginal 2020 7034 


Tuolumne County Marginal 2020 7035 


Tuscan Buttes-Tehama Marginal 2020 7036 


In addition to showing progress towards the most recent air quality standards, nonattainment 
areas must also continue to show progress towards attainment of earlier standards they have 
not yet achieved, including the 8-hour ozone standard of 80 ppb (Extreme area attainment 
year of 2023), and the 8-hour ozone standard of 75 ppb (Extreme area attainment year of 
2031). The proposed measures in the Proposed 2022 State SIP Strategy will also serve as a 
down payment for anticipated future SIPs developed to meet more stringent ozone standards 
that U.S. EPA might establish in the coming years and providing emissions reductions for the 
next round of Regional Haze SIPs. The progressive tightening of federal ambient air quality 


27 Design value when excluding days impacted by wildfires, identified and submitted as Exceptional Events to 
U.S. EPA for approval 
28 Air District has indicated to staff of requesting to voluntarily bumping up to Severe with a 2032 attainment year 
29 Ibid. 
30 Pending final U.S. EPA action to reclassify (proposed reclassification published on April 13, 2022, 
https://www.govinfo.gov/content/pkg/FR-2022-04-13/pdf/2022-07513.pdf)  
31 Design value when excluding days impacted by wildfires, identified and submitted as Exceptional Events to U.S.
EPA for approval 
32 Ibid. 
33 Ibid. 
34 Ibid. 
35 Ibid. 
36 Ibid. 



https://www.govinfo.gov/content/pkg/FR-2022-04-13/pdf/2022-07513.pdf
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standards will require sustained emissions reductions strategies over coming decades and 
underscores the ongoing need for continuing transformation of California’s transportation 
sector to non-combustion sources of energy. 


Emission Reduction Needs 


As discussed in Chapter 1, the reductions that will continue to accrue from implementation of 
the existing mobile source control program will reduce NOx emissions in 2037 by over 
42 percent37 statewide from today’s levels. The key challenges driving the need for emissions 
reduction measures are meeting ozone standards in the South Coast and San Joaquin Valley. 
Further reductions will also be necessary to provide for attainment in other nonattainment 
areas including the Coachella Valley, Eastern Kern County, the Sacramento Metro area, 
Ventura County, and Western Mojave Desert. The potential emission reduction commitments 
have been identified and are included here in the Proposed 2022 State SIP Strategy. However, 
they will be proposed for consideration at the time each nonattainment area SIP is brought to 
the Board for consideration. 


South Coast Emission Reduction Needs 


Figure 11 illustrates the ozone air quality progress that has occurred in the South Coast over 
the past twenty years. In 2000, the entire South Coast region violated the 70 ppb ozone 
standard and the less stringent ozone standards of 75 and 80 ppb, with some communities 
experiencing 8-hour ozone levels over 120 ppb. Today, ozone concentrations have declined 
significantly. However, millions of people in South Coast still breathe unhealthy air, many of 
them living in the Inland Empire and Northern Los Angeles County. Further, there are 
communities that exceed not only the 70 ppb ozone standard, but the previous 75 and 80 ppb 
8-hour ozone standards as well. The measures in the Proposed 2022 State SIP Strategy
provide emissions reductions towards attaining all standards and will provide critical health
benefits for communities across the region.


Figure 11 - South Coast Ozone Progress 


37 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions with adopted CARB and district 
measures 
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CARB and the South Coast Air Quality Management District (AQMD) collaborated to 
determine the reductions needed to attain the 70 ppb ozone standard. Meeting the ozone 
standards continues to drive overall emission reduction needs in the South Coast, and 
substantial reductions beyond those being achieved with the current control program will be 
needed to meet the standard in 2037. While ROG reductions will provide near-term benefits in 
some portions of the South Coast, the 70 ppb ozone standard can only be met through 
significant NOx emissions reductions. The air quality modeling indicates NOx emissions will 
need to be at a level of 60 tpd, requiring a decline of approximately 124 tpd from baseline 
2037 levels, to provide for attainment in the remaining portions of the region that do not yet 
meet the standard. From today’s levels, reaching 60 tpd will require an approximately 
83 percent reduction by 2037. 


Achieving an 83 percent reduction in NOx emissions will require comprehensive and 
coordinated efforts to address emissions from both stationary and mobile sources through 
ongoing implementation of already adopted measures, as well as new actions. Actions at the 
federal, State, and local levels have resulted in significant reductions for both mobile and 
stationary source NOx emissions between 1990 and today. These efforts have been the driver 
for the substantial air quality progress that has occurred to date in the South Coast region. 
Looking forward, continued implementation of current controls will reduce mobile source NOx 
emissions a further 52 percent by 2037. 


San Joaquin Valley Emission Reduction Needs 


Ozone levels in the San Joaquin Valley have shown ongoing improvement over the last twenty 
years. While there was relatively modest progress in the early years, ozone levels over the last 
decade have decreased significantly in response to accelerated NOx emissions reductions, as 
shown in Figure 12. Since 2000, peak ozone concentrations have decreased drastically, and 
the number of days exceeding the standard has dropped significantly. Current control 
programs will continue the pace of NOx reductions from mobile sources, with a further 
65 percent reduction by 2037. 
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Figure 12 - San Joaquin Valley Ozone Progress 


Even with this substantial progress, additional reductions are needed in the San Joaquin Valley 
to address the significant challenges that remain, including to provide for attainment of the 
70 ppb ozone standard, and to accelerate attainment of other ozone and PM2.5 standards. 
Further, controls to reduce emissions emissions of ozone and PM2.5 precursors will also help 
to reduce diesel PM and minimize the detrimental health impacts of toxics in communities 
across the Valley.  


Remaining Nonattainment Areas – Reduction Needs 


CARB evaluated the need for emission reduction commitments for the remaining 
nonattainment areas for the 70 ppb ozone standard. Given the stringency of the 70 ppb ozone 
standard, preliminary air quality modeling has shown that five additional nonattainment areas 
outside the South Coast and San Joaquin Valley will require emissions reductions beyond 
those from current control programs. These nonattainment areas are the Coachella Valley, 
Eastern Kern County, Sacramento Metro, Ventura County, and Western Mojave Desert. In the 
Proposed 2022 State SIP Strategy, CARB is including potential commitments to achieve the 
emissions reductions necessary from State-regulated sources to provide for attainment of the 
70 ppb ozone standard in these areas. 


Coachella Valley 


The Coachella Valley nonattainment areas is the portion of Riverside County that lies in the 
Salton Sea Air Basin. The Coachella Valley is surrounded by large mountain ranges and have 
average daytime temperatures in the summer months of over 100 degrees. These conditions, 
coupled with transport of ozone and ozone precursors from the South Coast through the San 
Gorgonio Pass, along with local emissions, result in higher ozone levels. Although substantial 
reductions in emissions and ozone levels have occurred over the last twenty years, additional 
reductions are needed upwind in the South Coast, and could be supplemented with 
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reductions in the Coachella Valley, to address the challenge of attaining the 70 ppb ozone 
standard. 


Eastern Kern County 


Eastern Kern County is sparsely populated with a few small cities around the intersections of 
State roads and interstate highways, which limits ozone precursor emissions from sources in 
the nonattainment area. Eastern Kern County is within the Mojave Desert Air Basin and is 
primarily bordered by several mountain ranges that separate it from populated valleys and 
coastal areas with other nonattainment areas to the west (San Joaquin Valley), and south 
(South Coast). Passes through surrounding mountain ranges serve as “transport corridors” for 
ozone to Eastern Kern County. Eastern Kern County is influenced primarily by transport 
through the Tehachapi Pass corridor, which connects the San Joaquin Valley and the Mojave 
Desert Air Basin. Although substantial reductions in emissions and ozone levels have occurred 
over the last twenty years, additional reductions are needed in the areas upwind, and could be 
supplemented with reductions in Eastern Kern County, to address the challenges towards 
attaining the 70 ppb ozone standard. 


Sacramento Metro 


The Sacramento Federal Nonattainment Area, or Sacramento Metro, is comprised of all of 
Sacramento and Yolo Counties and includes portions of El Dorado, Placer, Solano, and Sutter 
Counties. The area includes mountainous terrain, agricultural land, lakes and rivers, as well as 
one of California’s larger urban areas. While winters in the valley are mild, summer generally 
brings hot weather to the valley floor, and mountain areas are considerably cooler in both 
summer and winter. Ozone levels in the region is affected by both local emissions and ozone 
precursor emissions transported from upwind areas. Although substantial reductions in 
emissions and ozone levels have occurred over the last twenty years, additional reductions are 
needed in upwind areas and in Sacramento Metro to address the challenge of attaining the 
70 ppb ozone standard. 


Ventura County 


Ventura County is located northwest of South Coast, south of Kern County, east of Santa 
Barbara County, and is bordered to the west by the Pacific Ocean. Ventura County has a 
combination of undeveloped and agricultural lands, as well as developed urban areas. Ozone 
in Ventura County is caused by both locally generated emissions and transport from the South 
Coast and other surrounding areas. Substantial reductions in emissions and ozone levels have 
occurred over the last twenty years, but additional reductions are needed upwind in the South 
Coast, and could be supplemented with reductions in Ventura County, to address the 
challenge of attaining the 70 ppb ozone standard. 


Western Mojave Desert 


The Western Mojave Desert is part of the Mojave Desert Air Basin which is shared between 
the Mojave Desert and Antelope Valley AQMDs. The Mojave Desert AQMD portion of the 
Western Mojave Desert includes the southwestern desert portion of San Bernardino County 
and the segment of eastern Riverside County known as the Palo Verde Valley. The Antelope 
Valley AQMD portion of the Western Mojave Desert includes the northeastern desert portion 
of Los Angeles County. The Mojave Desert AQMD portion is characterized by hot, dry 
summers and cool winters, with little precipitation. The Antelope Valley AQMD portion is 
characterized by a wide, arid valley with verly little precipitation and high summer 
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temperatures. The Western Mojave Desert serves as a growing bedroom community for the 
greater Los Angeles area, and the primary roadways carry a substantial amount of daily 
commute traffic from Western Mojave Desert into Los Angeles. Ozone and ozone precursors 
are often transported inland by the prevailing winds from the South Coast and to lesser extent 
from the San Joaquin Valley. While substantial reductions in emissions and ozone levels have 
occurred over the last twenty years, additional reductions are needed in upwind areas, and 
could be supplemented with reductions in the Western Mojave Desert, to address the 
significant challenge that remain, including to provide for attainment of the 70 ppb ozone 
standard.  
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Chapter 3: Public Process and Measure Suggestions 


CARB staff engaged in an open public process in developing the Proposed 2022 State SIP 
Strategy. Staff first invited public and stakeholder participation in July 2021 with a public 
webinar at which preliminary measures, and the expected direction of the Proposed 2022 
State SIP Strategy were presented. Subsequently, CARB staff met with community-based 
organizations for input on ways CARB could support community level emissions reductions as 
part of the Proposed 2022 State SIP Strategy. The community-based organizations provided 
measure suggestions which are reflected in this document and the prior releases. CARB staff 
published the 2022 State SIP Strategy: Draft Measures document on October 6, 2021 which 
included the new “Public Measure Suggestions” section based on the input from 
community-based organizations and members of the public. Staff then hosted a 2nd public 
webinar on October 19, 2021 discussing the Draft Measures document. The 2nd webinar 
presented a detailed discussion on the potential measures and allowed for the public and 
stakeholders to comment on every facet of each potential measure. After release of the Draft 
2022 State SIP Strategy in January 2022, CARB hosted a 3rd public webinar and a Board 
information update in February 2022 to discuss and obtain public feedback.  


As a result of outreach and engagement efforts to date, CARB has received the suggestions 
for the potential State measures listed below to be included in the Proposed 2022 State SIP 
Strategy. Many of the items below have also been included or discussed as a part of various 
Community Emissions Reduction Programs developed by selected communities, together with 
their air district partners, under CARB’s Assembly Bill 617 Community Air Protection Program. 
CARB explored the ways in which these concepts could be included as measures in the 
Proposed 2022 State SIP Strategy and welcomes feedback and additional suggestions from 
the public during the remainder of the Strategy development process. 


On-Road Heavy-Duty Vehicle Useful Life Regulation 


CARB has in place numerous regulations to control emissions from on-road heavy-duty 
vehicles and continues to pursue additional measures as described in this document. This 
suggestion would involve CARB developing a regulation, potentially paired with new 
incentives or legislative measures, to require on-road heavy-duty vehicles that have reached 
the end of their useful life as defined in Senate Bill 1, (Beall, Chapter 5, Statutes of 2017) as 
the earlier of 800,000 vehicles miles traveled or 18 years from the engine model year to retire, 
replace, retrofit, or repower the on-road heavy-duty vehicle or engine, and upgrade to 
zero-emission trucks. 


CARB staff has been investigating the feasibility and potential benefits of this suggested 
measure and have included in Chapter 5 of this document a proposed measure to similarly 
target the increase in the number of heavy-duty ZEVs and cleaner engines as soon as possible, 
and reduce emissions from fleets not affected by the Advanced Clean Fleets measure – see 
the Zero-Emission Trucks measure. 


Additional Incentive Programs - Zero-Emission Trucks 


Additional incentive programs are needed to send clear signals to the market and support 
new scrap and replace regulatory programs, specifically to help ensure that smaller trucking 
companies have more consistent access to zero-emission truck incentives. This measure would 



https://ww2.arb.ca.gov/sites/default/files/2021-10/2022_SSS_Draft_Measures.pdf
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involve CARB working to develop incentive programs which should include consideration of 
policies other jurisdictions have employed such as supporting local zero-emission zones and/or 
differentiated registration fees so that dirtier trucks pay more and zero-emission trucks have a 
consistent source of incentive funding.  


CARB staff has been investigating the feasibility and potential benefits of this suggested 
measure, and have included it as one potential element of the Zero-Emission Trucks measure 
in Chapter 5. 


Enhanced Transportation Choices 


The bulk of emissions from the vehicle fleet come from existing vehicles, meaning that 
measures that can give people choices not to use their personal vehicles, and instead to walk, 
bike, take public transit, or adopt other transportation modes, at least some of the time, can 
significantly reduce emissions. This suggested measure, or measures, would have CARB work 
with State and local transportation planning organizations, local governments, and 
communities to advance vehicle miles travelled (VMT) reductions via enhanced choice. 
Measures for consideration could include, but are not limited to, travel demand management 
programs, incentive programs that fund enhanced transportation planning, or zoning changes 
that encourage dense, walkable, infill development. 


CARB staff is continuing to explore this suggested measure and how it can meet the Clean Air 
Act requirements for SIP measure approvability, but at this time it is not included in the 
Proposed 2022 State SIP Strategy. That said, CARB is pursuing VMT reductions via other 
approaches through the Enhanced Regional Emission Analysis in State Implementation Plans 
measure, included in Chapter 5. Additionally, CARB is currently developing the 2022 Scoping 
Plan Update as well which will assess the progress towards achieving the 2030 target and lay 
out a path for achieving carbon neutrality no later than 2045. To meet these goals, the 
Scoping Plan will include VMT strategies that reduce petroleum use in vehicles.  


Indirect Source Rule – Suggested Control Measure or Regulation 


An indirect source can be any facility, building, structure, or installation, or combination 
thereof, which attracts or generates mobile source activity that results in emissions – these 
include warehouses, railyards, ports, airports, and mobile sources attracted to those 
warehouses, railyards, ports, and airports. Only a few air districts in California have indirect 
source rules to limit emissions of this nature on a facility basis. This measure could involve 
CARB writing a Suggested Control Measure which acts as a model rule to assist the air districts 
in the rule development process. In addition, CARB staff will explore opportunities to expand 
existing State law to provide partnership opportunities for CARB and air districts to work 
together to develop, adopt, and implement indirect source rules. 


CARB staff has been investigating the feasibility and potential benefits of this suggested 
measure, and have included it as one potential element of the Zero-Emission Trucks measure 
in Chapter 5. 


BACT/BARCT Determination 


This measure would involve CARB developing Best Available Control Technology (BACT) 
and/or Best Available Retrofit Control Technology (BARCT) determinations. New stationary 
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sources, sources that undergo significant modification, and relocated sources are subject to 
emissions control requirements depending on the jurisdiction in which they are located. A 
BACT or BARCT determination defines limits that would be enforced at the local level for a 
specific piece of equipment or process for a stationary source, such as commercial cooking, 
char broilers and deep-frying, wood burning devices, water treatment plants, autobody shops, 
metal recycling, storage tank leaks, and flaring. Once a BACT or BARCT determination is in 
place, local air districts could be required under applicable State and federal laws to 
implement the defined levels of control through local rules and regulations, thereby reducing 
emissions from the relevant sources. 


CARB staff is continuing to explore the BACT and BARCT Determination suggested measure 
and how it can meet the Clean Air Act requirements for SIP measure approvability, but at this 
time it is not included in the Proposed 2022 State SIP Strategy. That said, through 
implementation of AB 617, CARB is working closely with local air districts to identify existing 
BACT determinations and BACT guidelines across the State in order to better support 
Statewide consistency and collaboration.  


Additional Building Emission Standards 


Residential and commercial buildings in California are the source of about 66 tpd NOx38 
statewide due to natural gas combustion. Nearly 90 percent of building NOx emissions are 
due to space and water heating and the remaining 10 percent are due to cooking, clothes 
drying, and other miscellaneous end uses. At the regional level, approximately one-third of 
projected building related emissions in South Coast could be reduced by 2037 if zero-emission 
standards were implemented in 2030 for space and water heating. 


CARB could propose additional emissions standards for combustion sources used in buildings 
by working with air districts to set such standards and, with building and energy code agencies 
on standards for new construction, or by taking other actions (including potentially incentive 
programs) to accelerate the removal of fossil fuels from the building stock in both new and 
existing buildings. Such measures could potentially significantly accelerate the transition away 
from pollution associated with combustion in these sources while creating economic 
opportunities for building retrofits. Any such measures would be developed with careful 
consideration for community needs, and housing cost concerns, with full community 
engagement. 


CARB staff has been investigating the feasibility and potential benefits of this suggested 
measure and are including in the Zero Emission Standard for Space and Water Heaters 
measure the potential to include other end-uses.  


Pesticides Regulation 


Pesticides are used in commercial and agricultural operations across the State and are a 
source of ROG and other types of emissions. This measure would involve CARB working with 
the DPR to develop new regulations to further reduce ROG emissions from commercial and 


38 CARB’s Criteria Emission Inventory CEPAM: 2019 Version - Standard Emission Tool. 



https://ww2.arb.ca.gov/BACT-Tool

https://ww2.arb.ca.gov/our-work/programs/technology-clearinghouse/clearinghouse-tools/bact-guidelines-tool
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agricultural pesticides used in California through reformulation, reduced usage, and innovative 
technologies and practices. 


CARB staff coordinated with the DPR and a measure is included in Chapter 5 of the Proposed 
2022 State SIP Strategy. 


Enhanced Bureau of Automotive Repair Consumer Assistance Program 


The California Bureau of Automotive Repair (BAR) has in place a Consumer Assistance 
Program to offer eligible low-income consumers repair assistance and vehicle retirement 
options to help reduce emissions and improve air quality. The repair assistance program 
currently offers up to $1,200 for emissions-related repairs which correct problems contributing 
to a vehicle’s failure to pass a Smog Check inspection. The vehicle retirement option currently 
offers income-eligible consumers $1,500 to retire their vehicle. This measure would involve 
CARB working with BAR to enhance the Consumer Assistance Program by expanding the 
eligibility threshold and/or amounts of funding offered for consumers towards repair 
assistance and vehicle replacement options. 


CARB staff is continuing to explore this suggested measure and how it can meet the Clean Air 
Act requirements for SIP measure approvability, but at this time it is not included in the 
Proposed 2022 State SIP Strategy. That said, the proposed Advanced Clean Cars II regulation 
along with existing CARB regulations and current State incentive programs such as the Clean 
Cars 4 All achieve a significant amount of benefits this suggested measure would accomplish. 
Further, the Clean Cars 4 All Program is under development for statewide expansion and will 
continue to focus on supporting the lowest income and disadvantaged communities. 


Light-Duty Vehicle Fleet Regulation 


CARB has a suite of regulations in place to control emissions from light-duty vehicles, and 
continues to pursue new regulatory actions, in addition to incentives and other complementary 
programs that can help to accelerate emissions reductions. One such action that will be 
brought to CARB’s Board in the coming months is the Advanced Clean Cars II program, which 
will set manufacturer sales requirements and continue to drive introduction of ZEVs into the 
light-duty fleet. Even so, additional fleet average requirements could potentially support a 
faster rate of transition to zero-emissions, especially in public and private fleets which are 
particularly suited for electrification. This measure would involve CARB developing a 
regulation to implement fleet requirements for public and rental passenger vehicle fleets. This 
could take the form similar to the recently adopted Clean Miles Standard, which requires an 
increasing number of electric miles service for ride hailing platforms, or it could take the form 
of a more traditional fleet rule that mandates the purchase of ZEVs. 


CARB staff is continuing to explore this suggested measure, but at this time it is not included 
in the Proposed 2022 State SIP Strategy. That said, CARB staff anticipate that the proposed 
Advanced Clean Cars II regulation, along with existing CARB regulations and current State 
incentive programs, achieve a significant amount of benefits this suggested measure would 
accomplish.  



https://www.bar.ca.gov/consumer/consumer_assistance_program/

https://www.bar.ca.gov/consumer/consumer_assistance_program/
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Chapter 4: Proposed SIP Commitment 


Overview of Commitment 


SIPs may contain enforceable commitments to achieve the level of emissions necessary to 
meet federal air quality standards, as defined by the attainment demonstration. The Proposed 
2022 State SIP Strategy lists proposed new SIP measures and quantifies potential emissions 
reduction SIP commitments for seven areas of the State – the South Coast, San Joaquin Valley, 
Coachella Valley, Eastern Kern County, Sacramento Metro, Ventura County, and Western 
Mojave Desert – based on the measures identified and quantified to date. Adoption of the 
Proposed 2022 State SIP Strategy and the measure schedule by the Board will form the basis 
of the commitments for emissions reductions by the attainment deadlines for each region that 
will be proposed for Board consideration alongside the respective nonattainment area’s SIP. 
The commitments will consist of two components: 


1. A commitment to bring an item to the Board for defined new measures or take other
specified actions within CARB’s authority; and


2. A commitment to achieve aggregate emissions reductions by specific dates.


As part of each SIP needing emissions reductions from the State, the total aggregate 
emissions reductions and the obligation to make certain proposals to the CARB Board or take 
other actions within CARB’s authority specified in the Proposed 2022 State SIP Strategy would 
become enforceable upon approval by U.S. EPA. While the Proposed 2022 State SIP Strategy 
discusses a range of proposed measures and actions, those proposed measures and actions 
would still be subject to CARB’s formal approval process and would not be final until the 
Board formally takes action. 


Commitment to Act on Proposed Measures 


For each of the proposed SIP measures shown in Table 3 and Table 4, CARB staff proposes to 
commit to address each measure as described in this document. For each measure committed 
to, CARB staff would undertake the actions detailed for each measure. In the instance of 
Proposed Measures that involve the development of a rule under CARB’s regulatory authority, 
CARB would commit to bring a publicly noticed item before the Board that is either a 
proposed rule, or is a recommendation that the Board direct staff to not pursue a rule 
covering that subject matter at that time. This recommendation would be based on an 
explanation of why such a rule is unlikely to achieve the relevant emissions reductions in the 
relevant timeframe, and would include a demonstration that the overall aggregate 
commitment will be achieved despite that rule not being pursued. This public process and 
CARB hearing would provide additional opportunity for public and stakeholder input, as well 
as ongoing technology review, and assessments of costs and environmental impacts.  


The measures, as proposed by staff to the Board or adopted by the Board, may provide more 
or less than the initial emission reduction estimates. In addition, action by the Board may 
include any action within its discretion. 


Commitment to Achieve Emissions reductions 


The following sections describe the estimated emission reduction and potential commitments 
from the proposed SIP measures identified and quantified to date for the South Coast, the San 
Joaquin Valley, Coachella Valley, Eastern Kern County, Sacramento Metro, Ventura County, 
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and Western Mojave Desert. The SIPs for each nonattainment area are still under 
development, and the emissions reductions may change as each attainment demonstration is 
finalized. The aggregate commitment of emissions reductions from State sources to be 
proposed for Board consideration will be found in CARB’s staff report for the respective 
nonattainment area’s SIP.  


While the Proposed 2022 State SIP Strategy includes estimates of the emissions reductions 
from each of the individual new measures, CARB’s overall commitment is to achieve the total 
emissions reductions necessary from State-regulated sources to attain the federal air quality 
standards, reflecting the combined reductions from the existing control strategy and new 
measures. Therefore, if a particular measure does not get its expected emissions reductions, 
the State’s overall commitment to achieving the total aggregate emissions reductions still 
exists. If actual emission decreases occur that exceed the projections reflected in the current 
emission inventory and the Proposed 2022 State SIP Strategy, CARB will submit an updated 
emissions inventory to U.S. EPA as part of a SIP revision. The SIP revision would outline the 
changes that have occurred and provide appropriate tracking to demonstrate that aggregate 
emissions reductions sufficient for attainment are being achieved through enforceable 
emission reduction measures. CARB’s emission reduction commitments may be achieved 
through a combination of actions including but not limited to the implementation of control 
measures; the expenditure of local, State or federal incentive funds; or through other 
enforceable measures. In some cases, actions by federal and international agencies will be 
needed. In others, programmatic approaches must be developed and funding secured to 
achieve reductions through additional transition to cleaner technologies and systems in the 
relevant sectors. For such situations, the Clean Air Act includes a provision for approval under 
Section 182(e)(5) advanced technology provisions to allow this future flexibility for Extreme 
areas such as the South Coast needing additional reductions to meet the ozone standard. 
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Table 3 - Proposed Measures and Schedule 


Proposed Measure Agency Action 
Implementation 
Begins 


On-Road Heavy-Duty 


Advanced Clean Fleets Regulation CARB 2023 2024 


Zero-Emissions Trucks Measure CARB 2028 2030 


On-Road Light-Duty 


On-Road Motorcycle New Emissions Standards CARB 2022 2025 


Clean Miles Standard CARB 2021 2023 


Off-Road Equipment 


Tier 5 Off-Road Vehicles and Equipment CARB 2025 2029 


Amendments to the In-Use Off-Road Diesel-Fueled Fleets Regulation CARB 2022 2024 


Transport Refrigeration Unit Regulation Part 2 CARB 2026 2028 


Commercial Harbor Craft Amendments CARB 2022 2023 


Cargo Handling Equipment Amendments CARB 2025 2026 


Off-Road Zero-Emission Targeted Manufacturer Rule CARB 2027 2031 


Clean Off-Road Fleet Recognition Program CARB 2025 2027 


Spark-Ignition Marine Engine Standards CARB 2029 2031 


Other 


Consumer Products Standards CARB 2027 2028 


Zero-Emission Standard for Space and Water Heaters CARB 2025 2030 


Enhanced Regional Emission Analysis in State Implementation Plans39 CARB 2025 2023 


Pesticides: 1,3-Dichloropropene Health Risk Mitigation DPR40 2022 2024 


Primarily-Federally and Internationally Regulated Sources – CARB Measures 


In-Use Locomotive Regulation CARB 2023 2024 


Future Measures for Aviation Emissions reductions CARB 2027 2029 


Future Measures for Ocean-Going Vessel Emissions reductions CARB 2027 TBD 


Primarily-Federally and Internationally Regulated Sources – Federal Action Needed41 


On-Road Heavy-Duty Vehicle Low-NOx Engine Standards U.S. EPA 2022 2027 


On-Road Heavy-Duty Vehicle Zero-Emission Requirements U.S. EPA TBD TBD 


Off-Road Equipment Tier 5 Standard for Preempted Engines U.S. EPA TBD TBD 


Off-Road Equipment Zero-Emission Standards Where Feasible U.S. EPA TBD TBD 


More Stringent Aviation Engine Standards U.S. EPA/ICAO42 TBD TBD 


Cleaner Fuel and Visit Requirements for Aviation U.S. EPA TBD TBD 


Zero-Emission On-Ground Operation Requirements at Airports U.S. EPA TBD TBD 


Airport Aviation Emissions Cap U.S. EPA TBD TBD 


More Stringent National Locomotive Emission Standards U.S. EPA TBD TBD 


Zero-Emission Standards for Locomotives U.S. EPA TBD TBD 


Address Unlimited Locomotives Remanufacturing U.S. EPA TBD TBD 


More Stringent NOx and PM Standards for Ocean-Going Vessels U.S. EPA/IMO43 TBD TBD 


Cleaner Fuel and Vessel Requirements for Ocean-Going Vessels U.S. EPA TBD TBD 


39 Proposed CARB finalization 
40 California Department of Pesticide Regulation (DPR) 
41 Request U.S. EPA approval under the provisions of Section 182(e)(5) of the Clean Air Act 
42 International Civil Aviation Organization (ICAO) 
43 International Maritime Organization (IMO) 
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Table 4 – Proposed Measures and Schedule*


* Yellow star represents the year for which action is proposed; dark blue represents the beginning years of implementation.
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Statewide Emissions Reductions 


The proposed measures in the Proposed 2022 State SIP Strategy will provide emission 
reduction benefits throughout the State. Some of these benefits will come from current 
programs while the remainder of the benefits will come from new measures. Although the 
existing control program will provide mobile source emissions reductions necessary to meet 
the attainment needs of many areas of the State, the new measures in the Proposed 2022 
State SIP Strategy will provide further reductions to enhance air quality progress and achieve 
the 70 ppb ozone standard.  


Emissions reductions from Current Programs 


Table 5 provides the remaining mobile source emissions under CARB and district current 
programs for the State as a whole. Ongoing implementation of current control programs is 
projected to reduce mobile source NOx emissions statewide from today’s levels by 521 tpd in 
2037. Achieving the benefits projected from the current control program will continue to 
require significant efforts for implementation and enforcement and thus represents an 
important element of the overall strategy. 


Table 5 – Mobile Source Emissions under CARB and District Current Control Programs44


Although most of the 2016 State SIP Strategy measure commitments have been adopted, 
there is two (Advanced Clean Cars II, Zero-Emission Forklift) that the Board will be acting upon 
over the next year, and one that was recently adopted but is not yet accounted for in the 
baseline emissions inventory (Transport Refrigeration Unit Part 1). Table 6 below shows the 
timeline and anticipated Statewide emissions reductions for these three measures.  


Table 6 – Emissions Reductions from Remaining 2016 State SIP Strategy Measures 


44 Source: 2022 CEPAM v1.01; represents the current baseline emissions out to 100 nautical miles with adopted 
CARB and district measures 
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Emissions reductions from Proposed New Measures 


The new measures contained in the Proposed 2022 State SIP Strategy commitment reflect a 
combination of State actions, and petitions and advocacy for federal and/or international 
action. Table 7 shows expected emissions reductions from the new measures identified and 
quantified to date in the Proposed 2022 State SIP Strategy to be 205.6 tpd of NOx and 
40.9 tpd of ROG in 2037 Statewide. Even with the emissions reductions associated with 
ongoing implementation of the existing control program, these additional reductions from 
new measures are needed to provide for attainment of the 70 ppb ozone standard in certain 
areas of California.  
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Table 7 - Statewide Expected Emissions Reductions from Proposed New Measures45 
Proposed Measure 2037 NOx 


(tpd) 
2037 ROG 


(tpd) 
On-Road Heavy-Duty 
Advanced Clean Fleets Regulation 19.3 1.7 
Zero-Emissions Trucks Measure 14.3 1.3 
Total On-Road Heavy-Duty Reductions 33.6 3.1 
On-Road Light-Duty 
On-Road Motorcycle New Emissions Standards 2.3 5.8 
Clean Miles Standard <0.1 0.2 
Total On-Road Light-Duty Reductions 2.4 6.1 
Off-Road Equipment 
Tier 5 Off-Road Vehicles and Equipment 10.4 NYQ 
Amendments to the In-Use Off-Road Diesel-Fueled Fleets Regulation 4.0 0.3 
Transport Refrigeration Unit Regulation Part 2 15.2 2.0 
Commercial Harbor Craft Amendments 8.7 0.5 
Cargo Handling Equipment Amendments 0.7 0.5 
Off-Road Zero-Emission Targeted Manufacturer Rule NYQ NYQ 
Clean Off-Road Fleet Recognition Program NYQ NYQ 
Spark-Ignition Marine Engine Standards 2.1 4.2 
Total Off-Road Equipment Reductions 41.5 7.8 
Other 
Consumer Products Standards - 20.0 
Zero-Emission Standard for Space and Water Heaters 13.5 1.5 
Enhanced Regional Emission Analysis in State Implementation Plans NYQ NYQ 
Pesticides: 1,3-Dichloropropene Health Risk Mitigation - NYQ 
Total Other Reductions 13.5 21.5 
Primarily-Federally and Internationally Regulated Sources – CARB Measures 
In-Use Locomotive Regulation 63.2 2.5 
Future Measures for Aviation Emissions reductions NYQ NYQ 
Future Measures for Ocean-Going Vessel Emissions Reductions NYQ NYQ 
Total Primarily-Federally and Internationally Regulated Sources – CARB Measures 
Reductions 


63.2 2.5 


Primarily-Federally and Internationally Regulated Sources – Federal Action Needed46 
On-Road Heavy-Duty Vehicle Low-NOx Engine Standards 3.8 <0.1 
On-Road Heavy-Duty Vehicle Zero-Emission Requirements NYQ NYQ 
Off-Road Equipment Tier 5 Standard for Preempted Engines 1.5 NYQ 
Off-Road Equipment Zero-Emission Standards Where Feasible 2.2 NYQ 
More Stringent Aviation Engine Standards NYQ NYQ 
Cleaner Fuel and Visit Requirements for Aviation 10.2 NYQ 
Zero-Emission On-Ground Operation Requirements at Airports NYQ NYQ 
Airport Aviation Emissions Cap 9.1 NYQ 
More Stringent National Locomotive Emission Standards NYQ NYQ 
Zero-Emission Standards for Locomotives NYQ NYQ 
Address Unlimited Locomotives Remanufacturing NYQ NYQ 
More Stringent NOx and PM Standards for Ocean-Going Vessels 0.8 NYQ 
Cleaner Fuel and Vessel Requirements for Ocean-Going Vessels 23.6 NYQ 
Total Primarily-Federally and Internationally Regulated - Federal Action Needed 
Reductions 


51.5 <0.1 


Aggregate Emissions Reductions 205.6 40.9 


45 Numbers may not add up due to rounding 
46 Emissions reductions only for the South Coast; CARB to request U.S. EPA approval under the provisions of 
Section 182(e)(5) of the Clean Air Act 
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South Coast 


Air quality modeling indicates that total NOx emissions from all sources in the South Coast will 
need to decrease to approximately 60 tpd in 2037, representing an approximate 80 percent 
reduction from current levels. A significant fraction of the needed reductions will come from 
the existing control program, which is projected to reduce NOx emissions from all sources by 
approximately 47 percent by 2037, providing a significant down payment on the emissions 
reductions needed. 


In addition, as described above, a few measure commitments included in the 2016 State SIP 
Strategy have not yet been acted upon or were very recently adopted and are thus not yet in 
the baseline emissions inventory, as outlined in Table 8 below. Action will be taken on the 
remaining measures in the coming year.  


Table 8 – South Coast Emissions Reductions from Remaining 2016 State SIP Strategy 
Measures47


Collectively, emissions reductions from CARB’s current control program, reductions from the 
remaining 2016 State SIP Strategy measures, and reductions estimated from the measures 
identified and quantified to date at the time of release of the Draft 2022 State SIP Strategy 
were not enough to show attainment of the 70 ppb ozone standard in the South Coast. Since 
the release of the Draft, CARB and the South Coast AQMD have identified the additional 
measures and reductions needed, such that this proposal now includes all measures and 
commitments needed from State sources to support attainment in the South Coast. Table 9 
and Figure 13 summarize the reductions from the identified and quantified measures. That 
said, the SIP is still under development and the emissions reductions may change as the 
attainment demonstration is finalized. The aggregate commitment of emissions reductions 
from State sources to be proposed for Board consideration will be found in CARB’s staff 
report for the South Coast AQMD 2022 Air Quality Management Plan (AQMP). 


47 Numbers may not add up due to rounding 
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Table 9 - South Coast NOx Emissions Reductions from CARB Programs48 


 Figure 13 - 2037 South Coast NOx Emissions with Measures and Federal Actions49 
(emissions out to 100 nautical miles)  


48 Numbers may not add up due to rounding; Current Control Program represents the current baseline 
emissions out to 100 nautical miles with adopted CARB and district measures (Source 2022 CEPAM v1.01) 
49 Source: 2022 CEPAM v1.01 out to 100 nautical miles; left column represents the current baseline emissions 
with adopted CARB and district measures; center column includes proposed CARB measures quantified to date 
and South Coast AQMD Draft 2022 AQMP quantified control measures; right column further includes federal 
actions quantified to date.  
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Table 10 - South Coast Expected Emissions Reductions from the 2022 State SIP Strategy50 
Proposed Measure 2037 NOx (tpd) 2037 ROG (tpd) 


On-Road Heavy-Duty 


Advanced Clean Fleets Regulation 6.6 0.5 


Zero-Emissions Trucks Measure 4.1 0.4 


Total On-Road Heavy-Duty Reductions 10.7 0.9 


On-Road Light-Duty 


On-Road Motorcycle New Emissions Standards 0.8 2.1 


Clean Miles Standard <0.1 <0.1 


Total On-Road Light-Duty Reductions 0.8 2.1 


Off-Road Equipment  


Tier 5 Off-Road Vehicles and Equipment 2.7 NYQ 


Amendments to the In-Use Off-Road Diesel-Fueled Fleets Regulation 1.0 0.1 


Transport Refrigeration Unit Regulation Part 2 5.0 0.7 


Commercial Harbor Craft Amendments 2.6 0.2 


Cargo Handling Equipment Amendments 0.6 0.4 


Off-Road Zero-Emission Targeted Manufacturer Rule NYQ NYQ 


Clean Off-Road Fleet Recognition Program NYQ NYQ 


Spark-Ignition Marine Engine Standards 0.3 0.7 


Total Off-Road Equipment Reductions 12.2 2.0 


Other 


Consumer Products Standards - 8 


Zero-Emission Standard for Space and Water Heaters51 3.2 0.5 


Enhanced Regional Emission Analysis in State Implementation Plans NYQ NYQ 


Pesticides: 1,3-Dichloropropene Health Risk Mitigation - NYQ 


Total Other Reductions 3.2 8.5 


Primarily-Federally and Internationally Regulated Sources – CARB Measures 


In-Use Locomotive Regulation 10.9 0.4 


Future Measures for Aviation Emission Reductions NYQ NYQ 


Future Measures for Ocean-Going Vessel Emissions Reductions NYQ NYQ 


Total Primarily-Federally and Internationally Regulated Sources – CARB Measures Reductions 10.9 0.4 


Primarily-Federally and Internationally Regulated Sources – Federal Action Needed52 


On-Road Heavy-Duty Vehicle Low-NOx Engine Standards 3.8 <0.1 


On-Road Heavy-Duty Vehicle Zero-Emission Requirements NYQ NYQ 


Off-Road Equipment Tier 5 Standard for Preempted Engines 1.6 NYQ 


Off-Road Equipment Zero-Emission Standards Where Feasible 2.2 NYQ 


More Stringent Aviation Engine Standards NYQ NYQ 


Cleaner Fuel and Visit Requirements for Aviation 10.2 NYQ 


Zero-Emission On-Ground Operation Requirements at Airports NYQ NYQ 


Airport Aviation Emissions Cap 9.2 NYQ 


More Stringent National Locomotive Emission Standards NYQ NYQ 


Zero-Emission Standards for Locomotives NYQ NYQ 


Address Unlimited Locomotives Remanufacturing NYQ NYQ 


More Stringent NOx and PM Standards for Ocean-Going Vessels 0.8 NYQ 


Cleaner Fuel and Vessel Requirements for Ocean-Going Vessels 23.7 NYQ 


Total Primarily-Federally and Internationally Regulated -Federal Action Needed Reductions 51.5 <0.1 


Aggregate Emissions Reductions 89.3 13.9 


50 Numbers may not add up due to rounding 
51 Reductions may be achieved through CARB and/or complementary South Coast AQMD control measures for 
this sector. 
52 Request U.S. EPA approval under the provisions of Section 182(e)(5) of the Clean Air Act 
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San Joaquin Valley 


Air quality modeling indicates that total NOx emissions from all sources in the San Joaquin 
Valley will need to decrease to approximately 60 tpd in 2037, representing an approximate 
73 percent reduction from current levels. A significant fraction of the needed reductions will 
come from the existing control program. In addition, as described above, a few measure 
commitments included in the 2016 State SIP Strategy have not yet been acted upon or were 
very recently adopted and are thus not yet in the baseline emissions inventory, as outlined in 
Table 11 below. Action will be taken on the remaining measures in the coming year. 


Table 11 - San Joaquin Valley Emissions Reductions from Remaining 2016 State SIP 
Strategy Measures53 


Table 12 shows that collectively, emissions reductions from CARB’s current control program, 
reductions from the remaining 2016 State SIP Strategy measures, and emissions reductions from 
the measures in the Proposed 2022 State SIP Strategy provide the emissions reductions needed 
from State sources to support attainment of the 70 ppb ozone standard in the San Joaquin 
Valley. The proposed measures in Table 13 reflect CARB commitments for State actions and the 
estimated emissions reductions for the San Joaquin Valley. Additional emissions reductions and 
controls remain critical in the Valley to accelerate attainment of other federal ozone and PM2.5 
standards, and to support reductions of DPM and other toxic air contaminants in communities 
across the Valley. That said, the SIP is still under development and the emissions reductions may 
change as the attainment demonstration is finalized. The aggregate commitment of emissions 
reductions from State sources in the San Joaquin Valley to be proposed for Board consideration 
will be found in CARB’s staff report for the San Joaquin Valley South 70 ppb 8-hour ozone SIP. 


53 Numbers may not add up due to rounding 







September 22, 2022 


43 


2022 State SIP Strategy 


Table 12 - San Joaquin Valley NOx Emissions Reductions from CARB Programs54 


Table 13 - San Joaquin Valley Expected Emissions Reductions from the 2022 State SIP 
Strategy55  


54 Numbers may not add up due to rounding; Current Control Program represents the current baseline 
emissions with adopted CARB and district measures (Source 2019 CEPAM v1.04) 
55 Numbers may not add up due to rounding 
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Coachella Valley 


Air quality modeling indicates that NOx emissions reductions are needed in the South Coast Air 
Basin and within the Coachella Valley by 2037 in order to provide for attainment. A significant 
fraction of the needed reductions will come from the existing control program. In addition, as 
described above, a few measure commitments included in the 2016 State SIP Strategy have not 
yet been acted upon or were very recently adopted and are thus not yet in the baseline 
emissions inventory, as outlined in Table 14 below. Action will be taken on the remaining 
measures in the coming year. 


Table 14 – Coachella Valley Emissions Reductions from Remaining 2016 State SIP Strategy 
Measures56


Table 15 shows that collectively, emissions reductions from CARB’s current control program, 
reductions from the remaining 2016 State SIP Strategy measures, and emissions reductions from 
the measures in the Proposed 2022 State SIP Strategy provide the emissions reductions needed 
from State sources to support attainment of the 70 ppb ozone standard in the Coachella Valley. 
The proposed measures in Table 16 reflect CARB commitments for State actions and the 
expected emissions reductions for the Coachella Valley. That said, the SIP is still under 
development and the emissions reductions may change as the attainment demonstration is 
finalized. The aggregate commitment of emissions reductions from State sources in the 
Coachella Valley to be proposed for Board consideration will be found in CARB’s staff report for 
the South Coast AQMD 2022 AQMP. 


Table 15 – Coachella Valley NOx Emissions Reductions from CARB Programs57


56 Numbers may not add up due to rounding 
57 Numbers may not add up due to rounding; Current Control Program represents the current baseline 
emissions with adopted CARB and district measures (Source 2022 CEPAM v1.01) 
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Table 16 – Coachella Valley Expected Emissions Reductions from the 2022 State SIP 
Strategy58 


58 Numbers may not add due to rounding 
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Eastern Kern County 


Air quality modeling indicates that NOx emissions reductions are needed in areas upwind and 
within Eastern Kern County by 2032 in order to provide for attainment. A significant fraction of 
the needed reductions will come from the existing control program. In addition, as described 
above, a few measure commitments included in the 2016 State SIP Strategy have not yet been 
acted upon or were very recently adopted and are thus not yet in the baseline emissions 
inventory, as outlined in Table 17 below. Action will be taken on the remaining measures in the 
coming year.  


Table 17 – Eastern Kern County Emissions Reductions from Remaining 2016 State SIP 
Strategy Measures 


Table 18 shows the emissions reductions from CARB’s current control program, reductions from 
the remaining 2016 State SIP Strategy measures, and emissions reductions from the measures in 
the Proposed 2022 State SIP Strategy, which, when paired with emissions reductions in upwind 
and surrounding areas, will provide the emissions reductions needed from State sources to 
support attainment of the 70 ppb ozone standard in Eastern Kern County. The proposed 
measures in Table 19 reflect CARB commitments for State actions and the expected emissions 
reductions for Eastern Kern County. That said, the SIP is still under development, and the 
emissions reductions may change as the attainment demonstration is finalized. The aggregate 
commitment of emissions reductions from State sources in Eastern Kern County to be proposed 
for Board consideration will be found in CARB’s staff report for the Eastern Kern County 70 ppb 
8-hour ozone SIP.


Table 18 – Eastern Kern County NOx Emissions Reductions from CARB Programs59 


59 Numbers may not add up due to rounding; Current Control Program represents the current baseline 


emissions with adopted CARB and district measures (Source 2019 CEPAM v1.04) 
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Table 19 – Eastern Kern County Expected Emissions Reductions from the 2022 State SIP 
Strategy60


60 Numbers may not add due to rounding 
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Sacramento Metro 


Air quality modeling indicates that NOx emissions reductions are needed in the Sacramento 
Metro nonattainment area by 2032 in order to provide for attainment. A significant fraction of 
the needed reductions will come from the existing control program. In addition, as described 
above, a few measure commitments included in the 2016 State SIP Strategy have not yet been 
acted upon or were very recently adopted and are thus not yet in the baseline emissions 
inventory, as outlined in Table 20 below. Action will be taken on the remaining measures in the 
coming year. 


Table 20 – Sacramento Metro Emissions Reductions from Remaining 2016 State SIP 
Strategy Measures61


Table 21 shows the emissions reductions from CARB’s current control program, reductions from 
the remaining 2016 State SIP Strategy measures, and emissions reductions from the measures in 
the Proposed 2022 State SIP Strategy, which will provide the emissions reductions needed from 
State sources to support attainment of the 70 ppb ozone standard in Sacramento Metro. The 
proposed measures in Table 22 reflect CARB commitments for State actions and the expected 
emissions reductions for the Sacramento Metro area. That said, the SIP is still under 
development and the emissions reductions may change as the attainment demonstration is 
finalized. The aggregate commitment of emissions reductions from State sources in Sacramento 
Metro to be proposed for Board consideration will be found in CARB’s staff report for the 
Sacramento Metro 70 ppb 8-hour ozone SIP. 


Table 21 – Sacramento Metro NOx Emissions Reductions from CARB Programs62


61 Numbers may not add due to rounding 
62 Numbers may not add up due to rounding; Current Control Program represents the current baseline 
emissions with adopted CARB and district measures (Source 2019 CEPAM v1.04) 
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Table 22 – Sacramento Metro Expected Emissions Reductions from the 2022 State SIP 
Strategy63 


63 Numbers may not add due to rounding 
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Western Mojave Desert 


Air quality modeling indicates that NOx emissions reductions are needed within Western Mojave 
Desert by 2032 to provide for attainment. A significant fraction of the needed reductions will 
come from the existing control program. In addition, as described above, a few measure 
commitments included in the 2016 State SIP Strategy have not yet been acted upon or were 
very recently adopted and are thus not yet in the baseline emissions inventory, as outlined in 
Table 23 below. Action will be taken on the remaining measures in the coming year. 


Table 23 – Western Mojave Desert Emissions Reductions from Remaining 2016 State SIP 
Strategy Measures64 


Table 24 shows the emissions reductions from CARB’s current control program, reductions from 
the remaining 2016 State SIP Strategy measures, and emissions reductions from the measures 
identified and quantified in the Proposed 2022 State SIP Strategy will provide the emissions 
reductions needed from State sources to support attainment of the 70 ppb ozone standard in 
Western Mojave Desert. The proposed measures in Table 25 reflect CARB commitments for 
State actions and the expected emissions reductions for the Western Mojave Desert. That said, 
the SIP is still under development and the emissions reductions may change as the attainment 
demonstration is finalized. The aggregate commitment of emissions reductions from State 
sources in the Western Mojave Desert to be proposed for Board consideration will be found in 
CARB’s staff report for the Western Mojave Desert 70 ppb 8-hour ozone SIP. 


Table 24 – Western Mojave Desert NOx Emissions Reductions from CARB Programs65


64 Numbers may not add due to rounding 
65 Numbers may not add up due to rounding; Current Control Program represents the current baseline 
emissions with adopted CARB and district measures (Source 2022 CEPAM v1.01) 
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Table 25 – Western Mojave Desert Expected Emissions Reductions from the 2022 State SIP 
Strategy66


66 Numbers may not add due to rounding 
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Ventura County 


Air quality modeling indicates that NOx emissions reductions are needed within Ventura County 
by 2026 in order to provide for attainment. A significant fraction of the needed reductions will 
come from the existing control program. In addition, as described above, a few measure 
commitments included in the 2016 State SIP Strategy have not yet been acted upon or were 
very recently adopted and are thus not yet in the baseline emissions inventory, as outlined in 
Table 26 below. Action will be taken on the remaining measures in the coming year. 


Table 26 – Ventura County Emissions Reductions from Remaining 2016 State SIP Strategy 
Measures


Table 27 shows the emissions reductions from CARB’s current control program, reductions from 
the remaining 2016 State SIP Strategy measures, and emissions reductions from the measures in 
the Proposed 2022 State SIP Strategy, which will provide the emissions reductions needed from 
State sources to support attainment of the 70 ppb ozone standard in Ventura County. The 
proposed measures in Table 28 reflect CARB commitments for State actions and the expected 
emissions reductions for Ventura County. That said, the SIP is still under development and the 
emissions reductions may change as the attainment demonstration is finalized. The aggregate 
commitment of emissions reductions from State sources in Ventura County to be proposed for 
Board consideration will be found in CARB’s staff report for the Ventura County 70 ppb 8-hour 
ozone SIP. 


Table 27 – Ventura County NOx Emissions Reductions from CARB Programs67 


67 Numbers may not add up due to rounding; Current Control Program represents the current baseline emissions 


out to 100 nautical miles with adopted CARB and district measures (Source 2022 CEPAM v1.01) 
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Table 28 – Ventura County Expected Emissions Reductions from the 2022 State SIP 
Strategy68 


68 Numbers may not add due to rounding 
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Commitment to Emissions Reduction from On-Road Mobile Sources 


As a part of the aggregate emission reduction commitment for each nonattainment area, CARB 
staff will propose to commit to emissions reductions specifically from on-road mobile sources 
(Table 29). CARB will continue to have an aggregate emission reduction commitment which is a 
sum of emissions reductions from on- and off road mobile sources, consumer products, and 
other State-regulated sources as outlined in Chapter 4 of the 2022 State SIP Strategy. The 
on-road mobile source commitment will provide the enforceability needed to support the use of 
motor vehicle emissions budgets that factor in reductions from the on-road mobile source 
measures in the 2022 State SIP Strategy – these budgets will be set by CARB and included in the 
70 ppb 8-hour ozone attainment plans for nonattainment areas across the State for 
transportation conformity purposes. The on-road mobile source commitment will be a subset of 
emissions reductions from the aggregate emission reduction commitment and will not be 
additive to the aggregate emission reduction commitment. As the SIPs for each nonattainment 
area are still under development, the emissions reductions may change as each attainment 
demonstration is finalized. The aggregate commitment of emissions reductions from State 
sources, including the subset from on-road mobile sources, to be proposed for Board 
consideration will be found in CARB’s staff report for the respective nonattainment area’s SIP.   


Table 29 – Emissions Reductions from On-Road Mobile Source Measures in the 2022 State 
SIP Strategy
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Chapter 5: State SIP Measures 


Proposed Measures: On-Road Medium- and Heavy-Duty Vehicles 


Description of Source Category 


Medium- and heavy-duty vehicles are defined as vehicles with a GVWR over 8,500 pounds and 
include heavier pick-up trucks and walk-in vans, as well as a wide range of vocational and 
drayage trucks (big-rig trucks) and buses. These vehicles are one of the fastest growing 
transportation sectors in the United States, responsible for about 32 percent of total Statewide 
NOx emissions, and are a significant source of Statewide diesel PM and GHG emissions. CARB 
has numerous programs already in place to control emissions from medium- and heavy-duty 
vehicles including the Truck and Bus Regulation, Heavy-Duty Omnibus, Advanced Clean Trucks, 
as well as incentive programs such as the widely successful Carl Moyer Program. In addition, 
CARB recently adopted the Heavy-Duty Inspection and Maintenance regulation, a 2016 State 
SIP Strategy measure. Most of the NOx emissions from heavy-duty engines come from 
diesel-cycle engines, especially in the higher weight classes (Figure 14). Gasoline and natural gas 
otto-cycle spark-ignited engines are also used in heavy-duty trucks, to a lesser extent, and 
primarily in the lower weight classification vehicles. 
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Figure 14 - On-Road Medium- and Heavy-Duty Vehicles: Statewide Baseline Emissions 
Inventory with Current Control Program69 


69 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions with adopted CARB and district 
measures.  
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Advanced Clean Fleets Regulation 


Overview 


CARB is developing measures to accelerate ZEV adoption in the medium- and heavy-duty 
sectors by setting zero-emission requirements for fleets. The proposed Advanced Clean Fleets 
regulation will focus on strategies to ensure that the cleanest vehicles are deployed by 
government, business, and other entities in California to meet their transportation needs. This 
effort is part of a comprehensive strategy to achieve a ZEV truck and bus fleet by 2045 
everywhere feasible, and significantly earlier for certain well-suited market segments such as last 
mile delivery, drayage, and government fleets. 


Background/Regulatory History 


• NOx emissions from medium- and heavy-duty trucks are currently the largest category of
mobile source emissions and will remain a major portion in the future.


• Freight trucking activity occurs at seaports, warehouses, railyards, and other major freight
hubs throughout California. Nearby communities are disproportionately burdened by the
cumulative health impacts from these facilities.


• In June 2020, CARB adopted the Advanced Clean Trucks regulation (ACT), a first of its
kind regulation requiring medium- and heavy-duty manufacturers to produce ZEVs as an
increasing portion of their sales beginning in 2024. This regulation is expected to result in
roughly 100,000 ZEVs by 2030 and nearly 300,000 ZEVs by 2035.


• With the adoption of the ACT regulation, CARB Resolution 20-19 directs staff to return to
the Board with a zero-emission fleet rule and sets the following targets for transitioning
sectors to ZEVs:


o 100 percent zero-emission drayage, last mile delivery, and government fleets by
2035;


o 100 percent zero-emission refuse trucks and local buses by 2040;
o 100 percent zero-emission-capable vehicles in utility fleets by 2040; and
o 100 percent zero-emission everywhere else, where feasible, by 2045.


• In September 2020, the Governor signed Executive Order N-79-20 which directs CARB to
adopt regulations to transition the State’s transportation fleet to ZEVs. This includes
transitioning the State’s drayage fleet to ZEVs by 2035 and transitioning the State’s truck
and bus fleet to ZEVs by 2045 where feasible.


Proposed Action 


For this measure, CARB would phase in ZEV requirements for different fleets as follows: 


State and Local Government fleets: 


• State and local government fleets including cities, counties, special districts, and other
municipalities would be required to add only ZEVs to their fleets starting at 50 percent of
new additions in 2024 and 100 percent starting in 2027. Public fleets that are based in
designated low population counties would begin with 100 percent ZEV additions starting
in 2027.



https://ww2.arb.ca.gov/our-work/programs/advanced-clean-fleets

https://ww2.arb.ca.gov/our-work/programs/advanced-clean-trucks

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2019/act2019/finalres20-19.pdf

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
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Drayage trucks:  


• All drayage trucks would need to be reported in the CARB reporting system if they
transport containers or bulk goods to and from California’s intermodal seaports and
railyards.


• Legacy trucks that are reported prior to 2024 would be able to remain in service until the
model year of the engine exceeds 13 years or 800,000 miles with a maximum of 18 years
from the truck engines certification date.


• Beginning January 1, 2024, any truck added to drayage service would need to be a ZEV.
• All drayage trucks entering seaports and intermodal railyards would be required to be


zero-emission by 2035.


High priority and federal fleets: 


• Affected fleets include any business or entity with an annual revenue greater than
$50 million, fleets and brokers who own, direct, or operate more than 50 trucks under
common ownership and control.


• High priority and federal fleets would be required to report all vehicles that operate in
California starting 2024.


• Affected fleet owners would have to meet one of two compliance options:
o First, starting in 2024, all additions to the fleet would be ZEVs and existing trucks


would be upgraded to ZEVs when the model year of the engine exceeds 13 years
or 800,000 miles with a maximum of 18 years from the truck engines certification
date.


o Second, affected fleets could use a more flexible alternative compliance option to
meet zero-emission fleet milestones as a percentage of the fleet. This option would
provide fleet owners the flexibility to manage their fleet consistent with their
normal vehicle purchase patterns provided they continue to meet the ZEV fleet
milestones. The fleet milestones are phased-in based on ZEV suitability by vehicle
body type as follows:
 Vans, box trucks, light-duty package delivery vehicles, and buses would start


at 10 percent of the fleet being zero -emission in 2025 and 100 percent
zero-emission by 2035.


 Work trucks, day cab tractors, and motor coaches would start at 10 percent
of the fleet being zero-emission in 2027 and 100 percent zero-emission by
2039.


 Sleeper cab tractors and other specialty vehicles would start at 10 percent of
the fleet being zero-emission in 2030 and 100 percent zero-emission by
2042.


100 percent ZEV Sales 


• 100 percent of medium- and heavy-duty vehicle sales in California would be
zero-emissions starting in 2040.
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In addition to the development process for the Proposed 2022 State SIP Strategy, the measure 
as proposed by staff or adopted by the Board will be subject to an independent full public 
process. 


Estimated Emissions Reductions 


The estimated emission benefits associated with the proposed Advanced Clean Fleets regulation 
are calculated with CARB’s motor vehicle emissions inventory model, EMFAC2017. Staff 
assessed the impacts of the proposed Advanced Clean Fleets regulation on affected fleets. This 
calculation considers medium and heavy-duty trucks and buses with gross vehicle weight rating 
(GVWR) greater than 8,500 pounds (Class 2b - 8). Emissions reductions are calculated relative to 
the business-as-usual scenario. Table 30 shows the estimated emissions benefits for this 
measure.  


Table 30 - Advanced Clean Fleets Estimated Emissions Reductions


Timing 


Proposed CARB Board hearing:  2023 
Proposed implementation schedule: 2024-2045 


Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
NOx emissions reductions shown in The estimated emission benefits associated with the 
proposed Advanced Clean Fleets regulation are calculated with CARB’s motor vehicle emissions 
inventory model, EMFAC2017. Staff assessed the impacts of the proposed Advanced Clean 
Fleets regulation on affected fleets. This calculation considers medium and heavy-duty trucks 
and buses with gross vehicle weight rating (GVWR) greater than 8,500 pounds (Class 2b - 8). 
Emissions reductions are calculated relative to the business-as-usual scenario. Table 30 shows 
the estimated emissions benefits for this measure.  


Table 30 for the relevant nonattainment areas in the relevant years. Staff proposes to commit to 
bring a publicly noticed item before the Board by 2023 that is either a proposed rule, or is a 
recommendation that the Board direct staff to not to pursue a rule based on an explanation of 
why such a rule is unlikely to achieve the relevant emissions reductions in the relevant timeframe, 
and would include a demonstration that the overall aggregate commitment will be achieved 
despite that rule not being pursued.  If CARB staff brings a proposed rule to the Board, and the 
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Board adopts it, that rule may provide more or less emissions reductions than the amount 
shown. 
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2022 State SIP Strategy 


Zero Emissions Trucks Measure 


Overview 


This measure would seek to accelerate the number of zero-emissions (ZE) trucks beyond existing 
measures (including the proposed Advanced Clean Fleets regulation). This strategy is a 
modification of the publicly suggested On-Road Heavy-Duty Vehicle Useful Life Regulation. The 
already adopted ACT regulation will result in almost 420,000 ZE trucks on the road by 2037, and 
the proposed Advanced Clean Fleets (ACF) regulation would increase the number of ZE trucks 
by another 220,000 to a total of 640,000. However, in 2037, even after the implementation of 
the ACT and ACF regulations, about 480,000 heavy-duty combustion powered trucks will still be 
on the road. In this modified approach, staff would seek to upgrade these remaining heavy-duty 
combustion trucks to new or used ZE trucks rather than to trucks with cleaner combustion 
engines. For this measure, staff would implement regulatory strategies to achieve the goal of 
transitioning the remainder of the heavy-duty combustion fleet to ZE trucks.  


Options: 


A. With new authority to use market signal tools such as differentiated registration fees,
restrictions and fees for combustion trucks entering low and ZE zones, and/or indirect
source rules (ISR) would allow for a smoother and more equitable path to get to a
100 percent ZEs California fleet. This combination of policies would help ensure that we
are moving as quickly as possible to a ZE trucking future, everywhere feasible.
Or


B. Require combustion (methane and diesel) scrap and ZE replacement for truck fleets of all
sizes when combustion trucks reach their useful lives.


This measure would potentially be heard by the Board in 2028 and would be a significant step in 
the comprehensive strategy to achieve zero-emissions medium- and heavy-duty vehicles 
everywhere feasible by 2045.  


Background/Regulatory History 


• NOx emissions from trucks are currently the largest category of on-road mobile source
emissions and will remain a major portion of pollution in the future absent acceleration of
fleets to ZE technology.


• Freight trucking activity occurs at seaports, warehouses, railyards, and other major freight
hubs throughout California. Nearby communities are disproportionately burdened by the
cumulative health impacts from these facilities.


• In June 2020, the Board adopted the ACT regulation, a first-of-its-kind regulation
requiring medium- and heavy-duty manufacturers to produce ZEV as an increasing portion
of their sales beginning in 2024. This regulation is expected to result in roughly
100,000 ZEVs by 2030 and nearly 300,000 ZEVs by 2035 operating in California.


• With the adoption of the ACT regulation, Resolution 20-19 directs staff to return to the
Board with a ZE fleet rule and sets the following targets for transitioning sectors to ZEVs:


o 100 percent ZE drayage, last mile delivery, and government fleets by 2035;
o 100 percent ZE refuse trucks and local buses by 2040;
o 100 percent ZE-capable vehicles in utility fleets by 2040; and
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o 100 percent ZE everywhere else, where feasible, by 2045.
• In September 2020, the Governor signed Executive Order N-79-20 which directs CARB to


adopt regulations to transition the state’s transportation fleet to ZEVs. This includes
transitioning the state’s drayage fleet to ZEVs by 2035 and transitioning the State’s truck
and bus fleet to ZEVs by 2045 where feasible.


• Staff are developing the ACF regulation which targets drayage, public, and other high
priority fleets with 50 or more trucks or entities with trucks and $50 million in annual
revenues. If adopted as proposed in 2022, the number of medium- and heavy-duty ZEV
will be about 1.2 million by 2045 operating in California.


• The public suggested a measure to turn over in-use heavy-duty vehicles at the end of
their useful life to ZE trucks or newer combustion engines in the secondary market. The
staff proposed measure would phase-in used ZEVs in the secondary market and would
not include upgrades to trucks with combustion engines (given the deterioration of
combustion engine control systems over time).


• Even after the implementation of ACT and ACF, about 480,000 heavy-duty combustion
trucks will still be on California’s roads in 2037 and 400,000 would remain by 2045.


• The proposed new measure would go beyond proposed ACF requirements to further
increase the number of ZEVs with the goal of achieving a full ZEV fleet by 2045
everywhere feasible.


• The experience of developing, implementing, and enforcing the 2008 Truck and Bus
regulation highlights the challenges of using a regulatory mechanism to require
widespread fleet turnover. Such an approach has economic consequences and takes a
great deal of time to phase-in (Truck and Bus took 15+ years to full implementation).


• The new measure would seek to expand the ZEV market in a manner that is economically
feasible for more than 100,000 fleets where some cannot afford to purchase new trucks
and will not be able to operate without access to retail ZEV infrastructure, especially for
long-haul and inter-state vehicles.


• An approach using new authorities could minimize administrative burden for fleet owners
and CARB. New tools such as differentiated registration fees would create market
mechanisms that can be leveraged to tip the scales to encourage those who have
operations that are suitable for electrification to act early and would allow more time for
those who can’t.


• These new approaches would build on ACT and ACF. When combined with the significant
investment California is making to upgrade trucks to ZEVs, install needed ZE
infrastructure, and other strategies described in this document if granted new authorities,
these approaches will rapidly accelerate the transition from combustion to ZE trucks
needed throughout the State and particularly in priority communities.


• Without new authorities to facilitate approaches such as differentiated registration fees
and ISR, staff would use existing authority to implement direct fleet rules to phase-in new
ZE trucks or used ZE trucks from the secondary market.
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• Low mileage natural gas vehicles certified to the optional 0.02 g/bhp-hr NOx emissions
standard pollute in the field more than expected70; if this continues to be the case, staff
commit to explore additional measures to subject more natural gas vehicles to the HD I/M
requirements, and any future regulations and programs designed to ensure a clean future
fleet of heavy-duty trucks.


Proposed Action 


The proposed measure (Option A) would use market signal tools, if given authority to implement 
differentiated registration fees, restrictions or fees for heavy-duty combustion trucks entering 
low/zero-emission zones, and/or indirect source rules to establish ZE zones by 2035. The 
combined strategies would maximize emissions reductions in disadvantaged communities 
disproportionately affected by emissions associated with warehouses, and other freight hubs. 
The dirtiest trucks would be assessed higher fees to enter low-emission zones, would have 
higher costs to register their vehicles to operate in California, and eventually only ZEVs would be 
allowed to enter these zones. Collected fees could be used to encourage early action or to assist 
small fleets to upgrade to ZEVs. 


These new strategies and authorities provide the air quality benefits of accelerated turnover as 
well as strong incentives and disincentives that provide more choice and flexibility for fleets.  


Without these new strategies or authorities (Option B), CARB may need to implement an 
inflexible requirement for all fleets to phase-in ZEVs and to remove legacy trucks from service in 
California. This could achieve the same emissions benefits but would occur without the aligned 
market signals that the above strategies would provide, and at a much higher cost. The strategy 
would consider the most economical compliance options available in the secondary markets to 
upgrade to ZEVs, including used ZEVs, everywhere feasible. 


Additionally, staff commit to monitor data collected by the Board-adopted HD I/M program to 
identify where trucks are still polluting to continue to identify strategies to accelerate cleaning 
up the existing combustion fleet. 


Estimated Emissions Reductions 


The estimated potential emission benefits associated with the Zero Emission Truck Measure are 
calculated with CARB’s motor vehicle emissions inventory model, EMFAC2017. Starting in 
calendar year 2030, staff assumed that Class 4-8 vehicles will be replaced with ZEVs once they 
reach the end of their useful life. Emissions reductions are calculated relative to the 
business-as-usual scenario. Table 31 shows the estimated emissions benefits for this measure. 


70 CARB. In-Use Emission Performance of Heavy Duty Natural Gas Vehicles: Lessons Learned from 200 Vehicle 
Project. July 2021. Last Accessed: December 15, 2021. Web link: https://ww2.arb.ca.gov/sites/default/files/2021-
04/Natural_Gas_HD_Engines_Fact_Sheet.pdf 



https://ww2.arb.ca.gov/sites/default/files/2021-04/Natural_Gas_HD_Engines_Fact_Sheet.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-04/Natural_Gas_HD_Engines_Fact_Sheet.pdf
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2022 State SIP Strategy 


Table 31 – Zero-Emissions Trucks Measure Estimated Emissions Reductions


Timing 


Proposed CARB Board hearing: 2028 
Proposed implementation schedule: 2030-2045 


Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
NOx emissions reductions shown in Table 31 for the relevant nonattainment areas in the relevant 
years. Staff proposes to commit to bring a publicly noticed item before the Board by 2028 that is 
either a proposed rule, or is a recommendation that the Board direct staff to not to pursue a rule 
based on an explanation of why such a rule is unlikely to achieve the relevant emissions 
reductions in the relevant timeframe, and would include a demonstration that the overall 
aggregate commitment will be achieved despite that rule not being pursued. If CARB staff 
brings a proposed rule to the Board, and the Board adopts it, that rule may provide more or less 
emissions reductions than the amount shown. 
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2022 State SIP Strategy 


Proposed Measures: On-Road Light-Duty Vehicles 


Description of Source Category 


Passenger cars and light trucks (gross vehicle weight rating, or GVWR, up to 8,500 lbs.), 
otherwise called light-duty vehicles, are a major contributor to NOx and GHG emissions in 
California. The State’s 39 million residents collectively own over 26 million passenger vehicles 
and drive more than most other Americans. CARB has a number of programs to control 
emissions from light-duty vehicles and drive the introduction of ZEVs into the fleet including 
Advanced Clean Cars, incentive projects like Clean Cars 4 All, the recently adopted Clean Miles 
Standard and soon to be adopted Advanced Clean Cars 2. Advanced Clean Cars 2 was a 
measure in the 2016 State SIP Strategy and is a significant effort critical to meeting air quality 
standards to cut emissions from new combustion vehicles while taking all new vehicle sales to 
100 percent zero-emission no later than 2035. Even with CARB’s programs to accelerate the 
transition of the light-duty fleet to zero-emission, the vast majority of these vehicles on the road 
today still have internal combustion engines and use gasoline, as shown in Figure 15. A small 
portion today is powered by electric powertrains, and a smaller portion still has diesel 
compression ignition engines.  
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Figure 15 - On-Road Light-Duty: Statewide Baseline Emissions Inventory with Current 
Control Program71 


71 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions with adopted CARB and district 
measures. 
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2022 State SIP Strategy 


On-Road Motorcycles New Emissions Standards 


Overview 


The primary goal of the On-Road Motorcycle New Emissions Standard is to reduce emissions 
from new, on-road motorcycles (motorcycles) by adopting more stringent exhaust and 
evaporative emissions standards along with zero-emissions sales thresholds. The exhaust 
standards would be more stringent than current U.S. EPA standards and largely harmonized with 
European Union 5 (EU 5) standards. The evaporative standards would be more stringent than 
current U.S. EPA and EU 5 standards. This measure will also require an increase in new 
Zero-Emissions Motorcycle (ZEM) sales, starting at 10 percent in 2028 and progressing to 
50 percent in 2035.   


Background/Regulatory History 


• CARB last updated motorcycle emissions standards for this category in 1998.
• In September 2020, the Governor signed Executive Order N-79-20 which directs CARB to


adopt regulations to transition to zero-emissions.
• Since then, more stringent exhaust emissions standards have been developed by other


jurisdictions around the world, most notably the European Union’s EU5 standard which
became effective in 2020. These stringent exhaust standards have prompted the
development of cleaner motorcycles than what are currently required in California.


• While CARB motorcycle evaporative standards are on par with most other jurisdictions
around the world, additional evaporative reductions are technically feasible and other
vehicle categories regulated by CARB have adopted much lower evaporative emissions
standards. For example, CARB’s Off Highway Recreational Vehicle (OHRV) category,
which includes vehicles closely related to motorcycles such as off-highway motorcycles,
requires lower evaporative emissions limits with more robust test methods.


• Since 2017, CARB has been working closely with many other jurisdictions in the spirit of
trying to achieve harmonization where possible on lower and more robust motorcycle
emissions standards. Specifically, CARB has worked closely with U.S. EPA, Environment
Climate Change Canada, the European Union, and the United Nations.


• California currently has no inspection and maintenance program for motorcycles. CARB
has determined that tampering with emissions controls is a significant problem for this
category.


• In 2020, motorcycles accounted for:
o 9.3 percent of all California mobile ROG emissions
o 0.6 percent of all California mobile NOx emissions
o 3.6 percent of all California mobile carbon monoxide (CO) emissions


Proposed Action 


For this measure, CARB would develop new exhaust emissions standards for hydrocarbons (HC), 
NOx, CO and nonmethane HC (NMHC) that achieve a large degree of harmonization with more 
aggressive current European motorcycle emissions standards. CARB would also develop new 
evaporative emissions standards that largely harmonize with more aggressive current CARB 
OHRV emissions standards. In seeking to meet California’s climate change goals and eliminate 



https://ww2.arb.ca.gov/our-work/programs/road-motorcycles/onmc-regulatory-development

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
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emissions related to tampering, CARB will also propose significant ZEM sales thresholds 
beginning in 2028 and increasing gradually through 2035. It is expected that this comprehensive 
motorcycle regulation would rely heavily on technologies currently being used in other 
jurisdictions and in related vehicle categories that already have more stringent emissions 
standards. In addition to the development process for the Proposed 2022 State SIP Strategy, the 
measure as proposed by staff or adopted by the Board will be subject to a full independent 
public process. 


Estimated Emissions Reductions 


The estimated emission benefits associated with adoption of the proposed ZEM thresholds and 
lower exhaust and evaporative emissions standards were calculated using CARB’s motor vehicle 
emissions inventory model, EMFAC2017. Table 32 shows the estimated emission benefits for 
this measure. 


Table 32 - On-Road Motorcycles New Emissions Standards Estimated Emissions Reductions


Timing 


Proposed CARB Board hearing:  2022 
Proposed implementation schedule: 2025-2035 


Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
NOx emissions reductions shown in Table 32 for the relevant nonattainment areas in the relevant 
years. Staff proposes to commit to bring a publicly noticed item before the Board by 2022 that is 
either a proposed rule, or is a recommendation that the Board direct staff to not to pursue a rule 
based on an explanation of why such a rule is unlikely to achieve the relevant emissions 
reductions in the relevant timeframe, and would include a demonstration that the overall 
aggregate commitment will be achieved despite that rule not being pursued.  If CARB staff 
brings a proposed rule to the Board, and the Board adopts it, that rule may provide more or less 
emissions reductions than the amount shown. 
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2022 State SIP Strategy 


Clean Miles Standard 


Overview 


The primary goal of the Clean Miles Standard (CMS) regulation, which was adopted by CARB in 
2021 and will be implemented by the California Public Utilities Commission (CPUC), is to reduce 
GHG emissions from ride-hailing services offered by transportation network companies (TNCs), 
on a per--passenger mile basis, and promote electrification of the fleet by setting an electric 
vehicle mile target. TNCs provide on-demand rides through a technology--based platform that 
connects passengers with drivers using personal or rented vehicles. The TNC sector has 
potential for continued growth beyond their market share rapid expansion after their inception 
in 2012. Given the potential for GHG emissions reductions and criteria pollutant co-benefits, the 
sector is well-positioned to help state and local agencies meet air quality and climate goals and 
Lyft and Uber, the largest TNCs, have made public commitments to promote electrification in 
their fleet. 


Background/Regulatory History 


• Mobile sources account for around 80 percent of statewide NOx emissions and are a
significant source of toxic air contaminants. In addition, the transportation sector accounts
for approximately 50 percent of GHG emissions in California when accounting for direct
vehicle emissions and upstream fuel production facility emissions, with light-duty vehicles
comprising 70 percent of the transportation sector’s direct vehicle emissions.
Transportation sector GHG emissions are increasing, despite increases in vehicle fuel
efficiency, amplifying the need for new actions with mobility.


• In September 2018, Governor Brown signed into law Senate Bill (SB) 1014 (Skinner,
Chapter 369, Statutes of 2018), which established the Clean Miles Standard and Incentive
Program. The bill directs CARB to develop, and the CPUC to implement, annual
electrification and GHG emission targets for TNCs that provide ride-hailing services.


• Though TNCs accounted for only 1.25 percent of the total light-duty vehicle miles
traveled (VMT) in California in 2018, it was the fastest growing sector relative to other
categories of commercial passenger vehicle fleets regulated by the CPUC. Staff expect
ride-hailing to continue their previous growth trajectory in the years after the COVID-19
pandemic.


• Per SB 1014, CARB staff used 2018 TNC data to determine the base year emissions for
the ride-hailing sector on a per-passenger mile basis. From 1.4 billion trip records, CARB
staff deduced the TNC base year emissions to be 301 grams carbon dioxide (CO2) per
passenger mile traveled (g CO2/PMT). In comparison, the overall California fleet emissions
in 2018 was 203 g CO2/PMT. On a per-passenger mile basis, the GHG emissions of the
TNC fleet were 50 percent higher than the overall California light duty vehicle fleet.


• To develop the annual electrification targets, CARB assessed the availability of
zero -emission vehicle (ZEV) models with adequate range for ride-hailing operation and
utilized a cost optimization model to derive the maximum feasible percent electric vehicle
miles traveled (eVMT) taking into account one year of operational costs.


• The potential GHG emissions reductions are approximately three times higher for an
electric vehicle in ride-hailing service compared to personal use in California, depending



https://ww2.arb.ca.gov/our-work/programs/clean-miles-standard
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on the energy source mix in the electric grid and vehicle usage. Additionally, each 
ride-hailing vehicle serves numerous passengers, and thus TNCs can help facilitate 
widespread education and awareness about ZEVs. 


Action 


The new regulation, adopted by the Board in May 2021 and set for implementation to begin in 
2023, includes two annual targets – an eVMT target as well as a GHG target in the metric of 
g CO2/PMT. The eVMT target would require TNCs to achieve 90 percent eVMT by 2030. The 
GHG target would require TNCs to achieve 0 g CO2/PMT by 2030 through electrification as well 
as other strategies, including increasing shared rides on their platform, improving operational 
efficiency (route planning and reduced mileage without passengers), and obtaining optional 
GHG credits. 


Optional GHG credits may be requested by the TNCs and approved by the CPUC for 
ride-hailing trips that are connected to mass transit through a verified booking process, and for 
investing in bicycle and sidewalk infrastructure projects that support active transportation.  


Estimated Emissions Reductions 


The cumulative Statewide emissions reductions associated with the Clean Miles Standard are 
estimated to be 298 tons NOX, 93 tons PM2.5 and 1.8 MMT of GHG (well-to-wheel emissions 
accounting for fuel production) from 2023 to 2030. The estimated emission benefits associated 
with the Clean Miles Standard are calculated with CARB’s motor vehicle emissions inventory 
model, EMFAC2017. Emissions reductions are calculated relative to the business-as-usual 
scenario. Table 33 shows the estimated emissions benefits for this measure.  


Table 33 - Clean Miles Standard Estimated Emissions Reductions


Timing 


CARB Board hearing: 2021 
Implementation schedule*: 2023-2030 


* Pending CPUC proceedings in 2022 to establish implementation rules and decisions.
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Proposed SIP Commitment 


The Board adopted the CMS regulation on May 20, 2021. CARB staff will pursue to achieve the 
NOx and ROG emissions reductions shown in Table 33 for the relevant nonattainment areas in 
the relevant years. 
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2022 State SIP Strategy 


Proposed Measures: Reducing Vehicle Miles Travelled 


Description of Source Category 


In addition to the potential measures described above to control emissions from on-road mobile 
sources, reducing vehicle miles traveled (VMT) is also necessary to directly and immediately 
reduce mobile source NOx and ROG emissions, to provide congestion mitigation and improved 
community mobility, and also to reduce fuel demand and the related investments and land-use 
impacts from advanced fuel sources (e.g. biofuels, build out of solar and wind, etc.). CARB works 
cooperatively with other State agencies, and the local air districts, metropolitan planning 
organizations (MPOs), and other local entities to implement the Sustainable Communities and 
Climate Protection Program and related efforts; this involves developing, adopting and 
implementing Sustainable Communities Strategies which include VMT reduction targets as 
required under Senate Bill 375. That said, reducing VMT is difficult; many factors influence an 
individual’s travel choices, and they interact with one another in a complex manner that is not 
always well understood.  


CARB’s 2022 Progress Report to the Legislature on SB 375 Implementation indicates that we are 
not on track to reduce the necessary VMT to meet State climate and air quality goals. Despite 
our collective efforts to put in place transportation plans with more coordinated land use plans 
and policies that would reduce transportation emissions, implementation of those plans is not 
occurring as envisioned. These shortcomings do not rest fully on any particular entity, but fixing 
them will require greater leadership across all levels of government. In the 2020 Mobile Source 
Strategy, CARB identified several strategies CARB could undertake to assist in achieving 
additional reductions and support implementation of regional SCSs. Building on the strategies 
identified in the 2020 MSS, CARB staff is proposing measures as described below for inclusion in 
the SIP to support attainment of the 70 ppb ozone standard across California. Beyond these 
measures being proposed for inclusion in the SIP, CARB staff is continuing to work and 
collaborate on additional and more comprehensive actions to reduce VMT as articulated in the 
2022 Scoping Plan Update, through continued implementation of SB 375, and through its 
partnership with other State agencies, including the California State Transportation Agency on 
its Climate Action Plan for Transportation Infrastructure.   
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2022 State SIP Strategy 


Enhanced Regional Emission Analysis in State Implementation Plans 


Overview 


The primary goal of this measure is to reduce criteria pollutant and GHG emissions that come 
from on-road mobile sources. Reducing VMT is necessary to achieve federal air quality standards 
and the State’s climate goals and is an essential element of the State’s strategy to reduce 
emissions. In addition, lowering VMT will help alleviate traffic congestion, improve public health, 
reduce consumption of fossil fuels, and reduce infrastructure costs. Unfortunately, despite State 
and regional efforts to reduce VMT, per capita VMT continues to increase, threatening the 
achievement of the State’s air quality and climate goals.  


To assist in reversing this trend, CARB is exploring three options to reduce ROG and NOx 
emissions through reductions in VMT. First, in response to stakeholders’ suggestions and 
recognizing the considerable need for further reductions from on-road sources, CARB will 
consider whether and how to change the process for developing Motor Vehicle Emissions 
Budgets (MVEB) to NAAQS. In addition, CARB will evaluate the process for identifying 
Transportation Control Measures (TCM) for purposes of analyzing Reasonably Available Control 
Measures (RACM) for inclusion in the SIP. Finally, to achieve these goals, CARB will also consider 
updating the criteria and guidelines for the California Motor Vehicle Registration Fee (MV Fees) 
Program and the Congestion Mitigation and Air Quality Improvement (CMAQ) Program to fund 
a broader range of cost-effective projects that advance new approaches and technologies in 
reducing air pollution. 


Background/Regulatory History 


• Transportation conformity refers to the federal regulatory procedure for coordinating the
transportation and air quality planning processes to ensure transportation plans support
the attainment of air quality standards. Under section 176(c) of the federal Clean Air Act,
federal agencies may not approve or fund transportation plans and projects unless they
conform with a region’s SIP. Conformity with the SIP requires that transportation activities
not (1) cause or contribute to new air quality violations, (2) increase the frequency or
severity of any existing violation, or (3) delay timely attainment of the NAAQS.
Demonstrating transportation conformity entails evaluating whether a transportation
project or plan would increase emissions beyond the MVEB established in a SIP. In this
way, the MVEB acts as a ceiling on emissions from the on-road mobile sources within that
air basin.


• The federal Clean Air Act requires States and air districts in all nonattainment areas to
include RACM in the SIP. For areas projected to attain within five years of designation of
NAAQS, areas must include reasonable control measures, potential emissions reductions,
and the timeline to implement these measures. Those areas that cannot reach attainment
within five years must conduct a thorough analysis of all control measures (including
measures considered by federal, state, and other air districts) and implement those
measures in the earliest practical manner to achieve attainment at least one year earlier
than otherwise projected. If not, air districts must include justifications and demonstrate
that no additional control measures are available to advance the attainment date.
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• Control measures, including TCMs, that meet the criteria for RACM must be included in
the SIP. These criteria include:


- The control measure is technologically feasible.
- The control measure is economically viable.
- The control measure does not cause substantial widespread and long-term


adverse impacts.
- The control measure is not absurd, unenforceable, or impracticable.
- The control measure can advance the attainment date by at least one year.


• U.S. EPA defines TCMs as strategies that reduce emissions or concentration of air
pollutants by reducing the number of vehicle trips or VMT or improving traffic flow. The
U.S. EPA guidance on RACM analysis indicates that the State should consider TCMs as a
potential air quality control option if it meets the RACM requirements.


• Section 450.322 of the Federal Highway Administration (FHWA) regulation requires
Metropolitan Planning Organizations (MPOs) to coordinate and ensure the regional
transportation plan includes TCMs committed in the SIPs. In addition, the Transportation
Improvement Programs (TIPs) (section 450.324) must provide priority funding for those
projects identified as TCMs in the applicable SIP.


• There are several funding programs that regional and local agencies may use to support
the implementation of TCMs. The CMAQ Program provides funding to state, regional,
and local agencies for transportation projects and programs to ensure the timely
implementation of TCMs in the applicable SIPs. CMAQ funds may also be used for
electric vehicle infrastructure and vehicle-to-infrastructure communications equipment.


• In addition, the California Clean Air Act of 1988 authorized local air districts to assess
motor vehicle fees to reduce motor vehicle emissions, referred to as the California Motor
Vehicle Fees Program. The priorities for these funds should be consistent with SIPs and
reflect the nature and scope of each district’s air quality problem and potential
multi-pollutant benefits. Under H&SC Section 44220(b), CARB is authorized to develop
criteria and guidelines to fund cost-effective projects and advance new technologies
through this program. CARB last updated the criteria and guidelines the air districts must
follow for using motor vehicle fees in The Methods to Find the Cost-Effectiveness of
Funding Air Quality Projects handbook in 2005.


Proposed Action 


CARB will consider the following measures to further reduce ROG and NOx emissions from 
on-road motor vehicles by reducing VMT: 


Change MVEB Development Process: CARB would evaluate the existing MVEB development 
process, including tools and the latest planning assumptions used in the analysis. Based on the 
review, CARB could modify the framework for developing MVEBs when considering how to 
address gaps in emissions reductions needed to demonstrate attainment of different NAAQS. 
This framework could explore additional emissions reductions from the on-road sector to attain 
the 70 ppb 8-hour ozone standard and progress towards State air quality goals. This framework 
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would need to ensure that the MVEB is consistent with other applicable requirements such as 
emission inventory, reasonable further progress, control measures, and attainment 
demonstration. 


RACM Analysis: CARB would compile a comprehensive list of TCMs implemented or considered 
by federal, state, regional, and local agencies. This list would provide more choices and new 
measures subject to RACM analysis for potential inclusion as an enforceable measure in the SIP. 
This effort may also evaluate the emission reduction potential, feasibility, and cost-effectiveness 
of each TCM on the list. In addition, CARB could consider providing a quantification 
methodology to improve and standardize the RACM analysis as part of SIPs across air districts. 
In pursuing this measure, CARB would work in a collaborative effort with U.S. EPA, California 
MPOs, and air districts to develop the guidance and implement each potential TCM identified 
through the RACM. 


Update Guidance for CMAQ and Motor Vehicle Fees: CARB would update the methodology 
and guidelines for estimating the cost-effectiveness of some of the most widely implemented 
transportation-related air quality projects using CMAQ and motor vehicle fees. Further, these 
guidelines would establish methods to quantify emission benefits and cost-effectiveness of new 
available transportation options and technologies. This update may also include critical inputs 
associated with emissions estimation to streamline the quantification of cost-effectiveness of 
various transportation projects. This action will accelerate the penetration of new strategies and 
maximize the emissions reductions from the transportation sector in the near-term. CARB would 
work with FHWA, the California Department of Transportation, MPOs, and air districts in 
pursuing this measure. 


Estimated Emissions Reductions 


While emissions reductions have not been identified at this time, CARB will quantify any 
emissions reductions from the proposed measures during the development process.  


Timing 


Proposed implementation begins: 2023+ 
Proposed CARB finalization: 2025 


Proposed SIP Commitment 


CARB staff proposes to commit to investigating the measures outlined above to support 
reductions in emissions and VMT from the on-road sources. Staff further proposes to commit to 
preparing the relevant written guidance and/or web tool and making them available to the 
public by 2025.  
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2022 State SIP Strategy 


Proposed Measures: Off-Road Equipment 


Description of Source Category 


The Off-Road Vehicles and Equipment category includes lawn and garden equipment, transport 
refrigeration units, vehicles and equipment used in construction and mining, generators, forklifts, 
cargo handling equipment, commercial harbor craft, farm equipment, and other industrial 
equipment. CARB has programs in place to control emissions from various new off-road vehicles 
and equipment. CARB also has in-use programs for off-road vehicles and equipment, including 
the In-Use Off-Road Diesel Fueled Fleets Regulation and Large Spark-Ignition Engine Fleet 
Requirements Regulation, as well as incentive programs including the Clean Off-Road 
Equipment (CORE) Voucher Incentive Project. CARB adopted amendments to the small off-road 
engine regulations in December 2021, and will be proposing Zero-Emission Off-Road Forklift 
and Transport Refrigeration Unit Part 1 regulations this year. While CARB’s control programs to 
date have provided substantial emissions reductions, the Off-Road Vehicles and Equipment 
category continues to contribute a significant and growing fraction of the overall NOx and ROG 
emissions statewide. As shown in Figure 16 below, by 2037, existing control programs will 
reduce ROG and NOx emissions from Off-Road Vehicles and Equipment by 43 percent and 
25 percent, respectively, compared to 2018 levels. 
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Figure 16 - Off-Road Vehicles and Equipment: Statewide Baseline Emissions Inventory72 


72 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions with adopted CARB and district 
measures  
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2022 State SIP Strategy 


Tier 5 Off-Road New Compression-Ignition Engine Standards 


Overview 


This measure is to establish more stringent standards and test procedures for new, off-road 
compression-ignition (CI) engines to reduce NOx, PM, and carbon (CO2) emissions (referred to 
as Tier 5) for all off-road engine power categories, including those that do not currently utilize 
exhaust aftertreatment such as diesel particulate filters (DPF) and selective catalytic reduction 
(SCR). CI engines are used in a wide range of off-road equipment including tractors, excavators, 
bulldozers, graders, and backhoes. As of model year 2020, more than half of all new off-road CI 
engine families continue to be certified to California’s most stringent (Tier 4 final) emission 
standards without the need for DPFs. This means that most new off-road CI engines are not 
reducing toxic diesel PM to the greatest extent feasible using the best available technology. The 
proposed new Tier 5 standards and test procedures would be more stringent than required by 
current U.S. EPA and European Stage V nonroad regulations and would require the use of best 
available technologies for both PM and NOx. 


California is dependent on the U.S. EPA to regulate the emissions from farm and construction 
equipment under 175 horsepower because only U.S. EPA has the authority to set emission 
standards for this equipment under the Clean Air Act. These preempted equipment are 
responsible for approximately 50 percent of the NOx off-road emissions inventory in California. 
Federal action is necessary to address preempted equipment by adopting standards similar in 
stringency to those proposed in the measure to achieve attainment with both federal and State 
ambient air quality standards – this is discussed further in the Federal Actions portion of this 
document.  


Background/Regulatory History 


• NOx emissions from land based off-road CI engines are currently the second largest
category of mobile source emissions subject to the CARB regulation. Off-road CI engine
NOx emissions are projected to make up 24 percent of the mobile source diesel
emissions inventory, and 34 percent of the PM inventory, in 2030.


• Lower NOx standards, up to 90 percent below the current Tier 4 final emission standard
levels, coupled with lower PM standards, would force engine manufacturers to
incorporate DPFs, which many currently do not have. DPFs would also ensure greater
reductions in ultrafine PM, which may pose a health concern separate from PM emissions
as a whole.


• Small off-road CI engines (less than 56-kilowatt [kW] or 75 hp) are not currently required
to comply with advanced NOx aftertreatment-based standards, and a subset of these
engines that are less than 19 kW (25 hp) are not required to comply with advanced PM
aftertreatment--based standards. Small off-road CI engines account for between 20 to
40 percent of the off-road diesel PM and NOx emissions inventories in California. CARB
funded a research effort demonstrating the feasibility of advanced aftertreatment on
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small off-road CI engines, which was completed by the Center for Environmental 
Research and Technology (CE-CERT) in 201973. 


• The off-road in-use requirements (off-road Not-To-Exceed) are not adequate to monitor
in-use compliance.


• A recent research effort performed for CARB by CE-CERT74 concluded that current
reporting and recordkeeping requirements are insufficient for determining the number of
engines and equipment sold in California with less-stringent emission levels under both
the federal Average, Banking, and Trading program and the federal Transition Program
for Equipment Manufacturers. Hence, it would be helpful to revise and improve the
reporting and recordkeeping requirements.


• Recent CARB funded demonstrations of ultra-low NOx on-road engines conducted at the
Southwest Research Institute (SWRI) show that much lower NOx standards are feasible for
on-road engines. Because off-road diesel engines are similar in technology to on-road
heavy-duty diesel engines, this work suggests that lower NOx standards are likely feasible
for off-road engines as well. Additionally, CARB is currently funding an off-road
demonstration project with SWRI to support determining the feasibility of more stringent
off-road standards for NOx, PM, and CO2.


• Recent CARB test data, consistent with test data presented by reputable diesel
publications, indicate that up to 40 percent of a typical off-road CI engine’s in-use
operation occur at idle75, and that the frequency of in-use low-load- operation76 is
insufficient to keep exhaust emission aftertreatment temperature above 250 degrees
Celsius, that enables efficient SCR operation to control NOx emissions. Establishing new
idle emission reduction strategies and a low-load test cycle are also being investigated as
part of this Tier 5 measure.


Proposed Action 


CARB would develop and propose standards and test procedures for new off-road CI engines 
including the following: aftertreatment-based PM standards for engines less than  
19 kW (25 hp), aftertreatment-based NOx standards for engines greater than or equal to 19 kW 
(25 hp) and less than 56 kW (75 hp), and more stringent PM and NOx standards for engines 
greater than or equal to 56 kW (75 hp) and first time CO2 tailpipe standards targeting a 5 to 
8.6 percent reduction. Other possible elements include enhancing in-use compliance, proposing 
more representative useful life periods, idle requirements and developing a low load test cycle. 
It is expected that Tier 5 requirements would rely heavily on technologies manufacturers are 


73 “Evaluation of the feasibility, cost-effectiveness, and necessity of equipping small off-road diesel engines  
with advanced PM and/or NOx aftertreatment” – CARB Contract No. 14-300, March 2019, 
https://ww2.arb.ca.gov/sites/default/files/2020-10/14-300.pdf 
74 “Evaluation of the Impacts of Emissions Averaging and Flexibility Programs for all Tier 4 Final Off‐road Diesel 
Engines,” CARB Contract No. 14-301, February 2018, 
https://ww2.arb.ca.gov/sites/default/files/classic//research/apr/past/14-
301.pdf?_ga=2.127732621.1682659074.1620315165-1165705998.1587147934
75 https://www.constructionequipment.com/blog/thinking-through-fuel-burn-rates
76 Measurement of PM and Gaseous Emissions from Cargo Handling Equipment (CHE) during Real-World Operation
– David Quiros, 29th CRC Real World Emissions Workshop, March 2019
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developing to meet the recently approved low-NOx standards and enhanced in-use 
requirements for on-road- heavy-duty engines. 


Estimated Emissions Reductions 


The estimated emission benefits associated with the Tier 5 measure were calculated using 
CARB’s off-road emissions inventory model, OFFROAD2017,77 assuming 90 percent NOx 
reductions and 75 percent PM reductions from the Tier 4 standards for new engines within the 
56 kW to 560 kW power categories, and up to 75 percent NOx and PM reductions for new 
engines less than 56 kW. Engines greater than 560 kW were modeled using a 50 percent 
reduction for both NOx and PM. Table 34 estimates the emission benefits of this measure for 
the non-preempted off-road CI engines under CARB’s authority to regulate. 


Table 34 – Tier 5 Off-Road New Compression-Ignition Engine Standards Emissions 
Reductions


Timing 


Proposed CARB Board hearing:  2025 
Proposed implementation begins: 2029 


Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
NOx emissions reductions shown in Table 34 for the relevant nonattainment areas in the relevant 
years. Staff proposes to commit to bring a publicly noticed item before the Board by 2025 that is 
either a proposed rule, or is a recommendation that the Board direct staff to not to pursue a rule 
based on an explanation of why such a rule is unlikely to achieve the relevant emissions 
reductions in the relevant timeframe, and would include a demonstration that the overall 
aggregate commitment will be achieved despite that rule not being pursued.  If CARB staff 
brings a proposed rule to the Board, and the Board adopts it, that rule may provide more or less 
emissions reductions than the amount shown. 


77 OFFROAD2017 contains estimates from the 2011 In-use Off-road Inventory. 
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Amendments to the In-Use Off-Road Diesel-Fueled Fleets Regulation 


Overview 


The primary goal of the Amendments to the In-Use Off-Road Diesel-Fueled Fleets Regulation is 
to further reduce emissions from the in-use off-road diesel equipment sector by adopting more 
stringent requirements to the In-Use Off-Road Diesel-Fueled Fleets Regulation. These 
amendments would create additional requirements to the currently regulated fleets by targeting 
the oldest and dirtiest equipment that is allowed to operate indefinitely under the current 
regulation’s structure. CARB could achieve this by adopting phase-out of the oldest and dirtiest 
equipment and by putting limitations on vehicles added to a fleet.  


Background/Regulatory History 


• The in-use off-road equipment sector includes equipment used in industries such as
construction, mining, industrial, oil drilling, and similar industries, and covers mobile diesel
vehicles 25 horsepower or greater. Common examples are loaders, backhoes, excavators,
forklifts, workover rigs, and other off-road equipment.


• The diesel equipment in this category is currently subject to CARB’s In-Use Off-Road
Diesel-Fueled Fleets Regulation, approved by the Board in 2007, and amended in 2009
and 2010. The regulation covers all self-propelled off-road diesel vehicles 25 horsepower
or greater used in California and most two-engine vehicles (except on--road two-engine
sweepers). The existing rule requires that fleets meet an increasingly stringent set of fleet
average targets, culminating in 2023 for large and medium fleets (large fleets represent
about 54 percent of vehicle ownership) and in 2028 for small fleets. The most stringent
fleet average target generally corresponds to roughly a 2012 model year, or a Tier 3
average standard. In addition to the declining fleet emission targets, the regulation also
includes idling limits, requires reporting and labeling, and restricts adding older vehicles
into fleets.


• While this regulation has resulted in significant emissions reductions from the sector, the
regulation does allow Tier 0, 1 and 2 equipment to continue operating indefinitely with no
activity restrictions (dependent on the mix of other equipment owned by the fleet). For
comparison, a single Tier 0 off-road engine in the 100-175 horsepower bin has 80 times
higher NOx emissions than a Tier 4 Final off-road engine. By 2031, this Tier 0 equipment
will be 32 years old or more, Tier 1 will be 28 to 31 years old, and Tier 2 will be 24 to
27 years old.


Proposed Action 


For this measure, CARB would propose adding a Tier phase-out to the current In-Use Off-Road 
Diesel-Fueled Fleets Regulation for Tier 0, 1 and 2 engines between 2024 and 2032. CARB 
would propose that all low-use Tier 0 vehicles be subject to the phase-out in 2036. This scenario 
will allow 12-year phase out of these oldest engines. Along with the Tier phase-out, CARB would 
propose extending the adding vehicle provisions in the current regulation to phase in a 
limitation on the adding of Tier 3 and Tier 4i vehicles to fleets. CARB would propose that all 
fleets must use renewable diesel with some limited exceptions. Requiring the use of renewable 
diesel will achieve significant near-term NOx and PM reductions, reductions especially needed in 



https://ww2.arb.ca.gov/our-work/programs/use-road-diesel-fueled-fleets-regulation
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highly impacted communities. CARB would propose some voluntary compliance flexibilities for 
fleets that are incorporating ZEVs into their fleets. CARB would also propose additional 
modifications to clarify implementation and to sunset provisions that would have allowed small 
fleets to continue to operate vehicles that could not be retrofitted with a verified diesel emission 
control strategy indefinitely. In addition to the development process for the Proposed 2022 
State SIP Strategy, the measure as proposed by staff or adopted by the Board is in the process 
of a full independent public rulemaking proceeding where, to date, multiple public workshops 
and workgroups have occurred.  


Estimated Emissions Reductions 


The estimated emission benefits associated with the amendments to the In-Use Off-Road 
Diesel-Fueled Fleet Regulation were calculated using CARB’s 2011 In-Use Off-Road Model, 
assuming turnover of all non-exempt Tier 0, 1, and 2 engines to Tier 4 final engines by 2033. 
Table 35 shows the estimated emissions benefits for this measure.  


Table 35 - Amendments to the In-Use Off-Road Diesel-Fueled Fleets Regulation Estimated 
Emissions Reductions


Timing 


Proposed CARB Board hearing:  2022 
Proposed implementation schedule: 2024-2036 


Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
NOx emissions reductions shown in Table 35 for the relevant nonattainment areas in the relevant 
years. Staff proposes to commit to bring a publicly noticed item before the Board by 2022 that is 
either a proposed rule, or is a recommendation that the Board direct staff to not to pursue a rule 
based on an explanation of why such a rule is unlikely to achieve the relevant emissions 
reductions in the relevant timeframe, and would include a demonstration that the overall 
aggregate commitment will be achieved despite that rule not being pursued.  If CARB staff 
brings a proposed rule to the Board, and the Board adopts it, that rule may provide more or less 
emissions reductions than the amount shown. 
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2022 State SIP Strategy 


Transport Refrigeration Unit Regulation Part 2 


Overview 


CARB is developing new requirements to transition diesel-powered transport refrigeration unit 
(TRU) to zero-emission technology in two phases. In the 2016 State SIP Strategy, CARB 
proposed Part 1 amendments to the existing TRU Airborne Toxic Control Measure (ATCM) to 
require the transition of diesel-powered truck TRUs to zero-emission, a diesel PM emission 
standard for newly-manufactured TRUs in the remaining categories, and lower global warming 
potential refrigerant. The Board adopted the Part 1 amendments to the TRU ATCM on February 
24, 2022. CARB plans to develop a subsequent Part 2 regulation to require zero-emission trailer 
TRUs, domestic shipping container TRUs, railcar TRUs, and TRU generator sets for future Board 
consideration.  


The new requirements would achieve additional emission and health risk reductions, increase the 
use of zero-emission technology in the off-road sector, and meet the directive of Governor 
Newsom’s Executive Order N-79-20, which set a goal for 100 percent zero-emission off-road 
vehicles and equipment in the State by 2035 where feasible.  


Background/Regulatory History 


• TRUs emit multiple air pollutants, including diesel PM, PM2.5, NOx, and GHG.
• TRUs typically operate at refrigerated warehouses or distribution centers, grocery stores,


seaport facilities, intermodal railyards, and other locations that are often near sensitive
receptors, such as schools, hospitals, senior care facilities, and residential neighborhoods
that are disproportionately burdened by the cumulative health impacts from these
facilities.


• CARB adopted the existing TRU ATCM in 2004 to require TRU engines that operate in
California to meet specific in use PM performance standards.


Proposed Action 


For this measure, CARB would propose the Part 2 rulemaking to require trailer TRUs, domestic 
shipping container TRUs, railcar TRUs, and TRU generator sets to use zero-emission technology. 
However, the specific proposed requirements have not been determined at this time. CARB is 
currently assessing zero-emission technologies for trailer TRUs and the remaining TRU 
categories. In addition to the development process for the Proposed 2022 State SIP Strategy, 
the measure as proposed by staff or adopted by the Board will be subject to a full independent 
public process. 


Estimated Emissions Reductions 


The emissions reductions were calculated using the 2021 TRU emission inventory baseline. 
Emissions reductions were estimated by converting any new purchase in 2028 and after for 
trailers, gensets, and railcar TRUs (effectively everything but trucks) to zero-emission units. The 
benefit in each is the emissions from model years that would have been diesel powered but are 
zero emission in the scenario (e.g. in 2037, the benefits are equal to the emissions from model 
year 2028 to 2037 units). Table 36 shows the estimated emissions benefits for this measure.  



https://ww2.arb.ca.gov/our-work/programs/transport-refrigeration-unit
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Table 36 - Transport Refrigeration Unit Regulation Part 2 Estimated Emissions Reductions 


Timing 


Proposed CARB Board hearing:   2026 
Proposed implementation begins: 2028 


Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
NOx emissions reductions shown in Table 36 for the relevant nonattainment areas in the relevant 
years. Staff proposes to commit to bring a publicly noticed item before the Board by 2026 that is 
either a proposed rule, or is a recommendation that the Board direct staff to not to pursue a rule 
based on an explanation of why such a rule is unlikely to achieve the relevant emissions 
reductions in the relevant timeframe, and would include a demonstration that the overall 
aggregate commitment will be achieved despite that rule not being pursued. If CARB staff 
brings a proposed rule to the Board, and the Board adopts it, that rule may provide more or less 
emissions reductions than the amount shown. 
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2022 State SIP Strategy 


Commercial Harbor Craft Amendments 


Overview  


Commercial harbor craft (CHC) include any private, commercial, or government marine vessels 
including, but not limited to ferries, excursion vessels, tugboats (including ocean-going 
tugboats), towboats, crew and supply vessels, work boats, pilot vessels, barges, dredges, and 
commercial and commercial passenger fishing boats. The majority of CHC have diesel engines, 
which are significant emitters of PM and NOx. CHC emissions are concentrated near the ports 
and pose significant health risks to nearby communities.  


Background 


CARB’s Commercial Harbor Craft Regulation was adopted in 2007 to reduce toxic and criteria 
emissions to protect public health. It was then amended in 2010 and will be fully implemented 
by the end of 2022. The Board approved amendments to the CHC Regulation in March 2022. 
The amendments establish expanded and more stringent in-use requirements to cover more 
vessel categories. The amendments also mandate accelerated deployment of zero-emission and 
advanced technologies in vessel categories where technology feasibility has been demonstrated. 
This aligns with Executive Order N-79-20 signed by the Governor in September 2020 which 
directs CARB to adopt regulations to transition to ZEVs.  


Action 


The Commercial Harbor Craft Amendments were adopted by the Board in March 2022 and 
include the following approved requirements of the CHC regulation: 


• Starting in 2023 and phasing in through 2031, most CHC (except for commercial fishing
vessels and categories listed below) are required to meet the cleanest possible standard
(Tier 3 or 4) and retrofit with DPF based on a compliance schedule. The current regulated
CHC categories are ferries, excursion, crew and supply, tug/tow boats, barges, and
dredges. The amendments impose in-use requirements on the rest of vessel categories
except for commercial fishing vessels, including workboats, pilot vessels, commercial
passenger fishing, and all barges over 400 feet in length or otherwise meeting the
definition of an ocean-going vessel. The amendments also remove the current exemption
for engines less than 50 horsepower;


• Starting in 2025, all new excursion vessels are required to be plug-in hybrid vessels that
are capable of deriving 30 percent or more of combined propulsion and auxiliary power
from a zero-emission tailpipe emission source;


• Starting in 2026, all new and in-use short run ferries are required to be zero-emission; and
• Starting in 2030 and 2032, all commercial fishing vessels need to meet a Tier 2 standard


at minimum.


In addition to the development process for the Proposed 2022 State SIP Strategy, the measure 
as proposed by staff and approved by the Board was subject to a full independent public 
process. 



https://ww2.arb.ca.gov/our-work/programs/commercial-harbor-craft

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
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Estimated Emissions Reductions 


The emissions reductions were calculated using the 2021 Harbor Craft emission inventory. The 
CHC Amendments would require most vessels to meet the Tier 3 or Tier 4 standard in effect and 
be retrofitted with a diesel particulate filter (DPF) following an 8-year phase-in schedule starting 
in 2023 and extending until 2031. Exceptions include commercial fishing vessels that would be 
required to meet a Tier 2 standard between 2030 and 2032, short-run ferries that would be 
required to be zero-emission by the end of 2025, and any new excursion vessel that would be 
required to be zero-emission capable by the end of 2024. Table 37 shows the estimated 
emission benefits for this measure.  


Table 37 – Commercial Harbor Craft Amendments Estimated Emissions Reductions


Timing 


CARB Board hearing: 2022 
Proposed implementation schedule: 2023-2034 


Proposed SIP Commitment 


The Board adopted the CHC regulation on March 24, 2022. CARB staff will pursue to achieve 
the NOx and ROG emissions reductions shown in Table 37 for the relevant nonattainment areas 
in the relevant years. 
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2022 State SIP Strategy 


Cargo Handling Equipment Amendments 


Overview 


Cargo handling equipment (CHE) includes any motorized vehicles used to handle cargo or 
perform routine maintenance activities at California’s ports and intermodal rail yards. CHE 
includes yard tractors, rubber-tired gantry (RTG) cranes, container handlers, forklifts, etc. CHE 
can be a significant source of diesel PM emissions in communities near the ports and intermodal 
rail facilities. 


Background 


CARB initially adopted the Cargo Handling Equipment regulation on December 8, 2005, and it 
became effective on December 31, 2006. This regulation was fully implemented by the end of 
2017 and has resulted in reductions of diesel PM and NOx at ports and intermodal rail yards 
throughout California. In September 2020, the Governor signed Executive Order N-79-20 which 
directs CARB to adopt regulations to transition to ZEVs, with a target to transition all off-road 
equipment to zero-emission by 2035 where feasible. CARB is currently assessing the availability 
and performance of zero-emission and hybrid technologies to reduce emissions from a fleet 
predominantly powered by internal combustion engines.  


Proposed Action 


For this measure, CARB would propose to start transitioning CHE to full zero-emission beginning 
in 2026. Based on the current state of zero-emission CHE technological developments, the 
transition to zero-emission would most likely be achieved largely through the electrification of 
CHE. Staff anticipates that all yard trucks and forklifts would be zero-emission by 2030, 
rubber-tired gantry cranes would be zero-emission by 2032, and 90 percent of other CHE will be 
zero-emission by 2036. These assumptions are supported by the fact that currently some electric 
RTG cranes, electric forklifts, and electric yard tractors are already commercially available. Other 
technologies are in early production or demonstration phases. In addition to the development 
process for the Proposed 2022 State SIP Strategy, the measure as proposed by staff or adopted 
by the Board will be subject to a full independent public process. The proposed zero-emission 
CHE phase-in schedules may be adjusted based upon updated technology feasibility 
determinations and discussions with public stakeholders during the rulemaking process. 


Estimated Emissions Reductions 


The emission benefits were calculated using the 2022 CHE Inventory. Emissions reductions are 
based on transitioning to zero-emission over a period of 5 years, which begins in 2026 for yard 
tractors and forklifts, in 2028 for RTG cranes, and in 2032 for other types of CHE. Staff modeled 
100 percent zero emissions for all equipment at full implementation, except for other CHE, 
which was modeled to reach 90 percent zero-emissions by 2037. Table 38 shows the estimated 
emissions benefits for this measure.  



https://ww2.arb.ca.gov/our-work/programs/cargo-handling-equipment

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
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Table 38 – Cargo Handling Equipment Amendments Estimated Emissions Reductions 


2025 
2026-2036 


Timing 


Proposed CARB Board hearing:  
Proposed implementation schedule: 


Proposed SIP Commitment 
CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
NOx emissions reductions shown in Table 38 for the relevant nonattainment areas in the relevant 
years. Staff proposes to commit to bring a publicly noticed item before the Board by 2025 that is 
either a proposed rule, or is a recommendation that the Board direct staff to not to pursue a rule 
based on an explanation of why such a rule is unlikely to achieve the relevant emissions 
reductions in the relevant timeframe, and would include a demonstration that the overall 
aggregate commitment will be achieved despite that rule not being pursued.  If CARB staff 
brings a proposed rule to the Board, and the Board adopts it, that rule may provide more or less 
emissions reductions than the amount shown. 
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2022 State SIP Strategy 


Off-Road Zero-Emission Targeted Manufacturer Rule 


Overview 


The goal of the Off-Road Zero-Emission Targeted Manufacturer Rule is to achieve criteria 
pollutant and GHG emissions reductions by accelerating the development and production of 
zero-emission off-road equipment and powertrains. Existing zero-emission regulations and 
regulations currently under development target a variety of sectors (e.g., forklifts, cargo 
handling equipment, off-road fleets, small off-road engines, etc.) however, as technology 
advancements occur, more sectors, including wheel loaders, excavators, and bulldozers, could 
be accelerated through this measure. Fully addressing control of emissions from new farm and 
construction equipment under 175 horsepower that are preempt, will require partnership on 
needed Federal zero-emission standards for off-road equipment.  


Background/Regulatory History 


• Zero-emission off-road equipment has been consistently and successfully manufactured in
a number of equipment categories (e.g., forklifts, man lifts, etc.) for decades, with wide
fleet adoption taking place without mandates that required such equipment to be
produced or purchased.


• For next-generation zero-emission off-road equipment, CARB and other air quality
agencies have funded numerous successful demonstration and pilot projects, as well as
commercial-launch voucher incentive programs, like the Clean Off-Road Equipment
Voucher Incentive Project, and SIP creditable emission-reduction programs, like the Carl
Moyer Program.


• Studies have been performed to identify the off-road equipment types and engine
horsepower ranges that have greater potential to be zero-emission powered. Although
more analysis is necessary, existing information suggests that zero-emission technology
are feasible in many applications in which zero-emission technology has not yet achieved
meaningful penetration today. These studies have also identified potential electric
powertrains and corresponding energy storage systems that could be used to replace
existing internal combustion engines in said equipment types.


• Zero-emission off-road equipment examples are already appearing and entering
demonstration and commercialization across a range of other applications and across
operating weight classes from small compact equipment to >35 ton machines with
deployments ongoing in Norway, Denmark, Netherlands, Germany, China, Canada and
elsewhere. Such examples include agricultural specialized implements and utility tractors,
paving including rollers, compactors, slipform pavers and screeds, asphalt and concrete
delivery and placement, municipal equipment including landscaping maintenance and
full-sized street sweepers, and earthmoving including skidsteers, compact trackloader,
mini and full-sized excavators, mini and full-sized wheel loaders and various foundation
drill, piledriver, demolition and large crane applications. There are 20 ton battery electric
bulldozers and wheel loaders already operating in industrial settings. A number of
manufacturers have already commercialized a variety of compact construction equipment
and indicated a long-term zero-emission shift for the compact size class.
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• Governor Newsom’s Executive Order N-79-20 states that “it shall further be a goal of the
State to transition to 100 percent zero-emission off-road vehicles and equipment by 2035
where feasible.” The Governor’s Executive Order further directs CARB to develop and
propose “strategies, in coordination with other State agencies, U.S. EPA and local air
districts, to achieve 100 percent zero emission from off-road vehicles and equipment
operations in the State by 2035.”


• California has some of the most-impacted regions in the nation with respect to poor air
quality. As such, significant NOx and PM reductions are needed to reduce air pollution
and improve public health, particularly in communities that experience disproportionate
burdens from exposure. Off-road equipment is one of the largest contributors to
emissions in the state, and actions beyond current programs are needed to meet
California’s air quality and climate goals. Developing and successfully implementing zero-
emission measures for off-road equipment will be a key component to achieving said air
quality goals.


Proposed Action 


For this measure, CARB would propose to develop a regulatory measure that would require 
manufacturers of off-road equipment and/or engines to produce for sale zero-emission 
equipment and/or powertrains as a percentage of their annual statewide sales volume to ensure 
these globally emerging zero-emissions products and related innovations come to California. A 
targeted manufacturer regulation will need to be structured to make timely progress while 
accounting for diversity in parameters such as the number of equipment and engine 
manufacturers producing off-road equipment for sale in California, along with sales volumes, 
founding a transition effort that is cost-effective and technologically feasible. Sales/production 
mandate levels would be developed based on the projected feasibility of zero-emission 
technology to enter and grow in the various off-road equipment types currently operating in 
California. This measure is expected to increase the availability of zero-emission options in the 
off-road sector and support other potential measures that promote and/or require the purchase 
and use of such options. In addition to the development process for the Proposed 2022 State 
SIP Strategy, the measure as proposed by staff or adopted by the Board will be subject to a full 
independent public process. 


Estimated Emissions Reductions 


CARB will quantify any emissions reductions from this measure during the program development 
process. 


Timing 


Proposed CARB Board hearing:  2027 
Proposed implementation begins: 2031 


Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve 
emissions reductions as described above. Staff proposes to commit to bring a publicly noticed 
item before the Board by 2027 that is either a proposed rule, or is a recommendation that the 
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Board direct staff to not to pursue a rule based on an explanation of why such a rule is unlikely 
to achieve the relevant emissions reductions in the relevant timeframe, and would include a 
demonstration that the overall aggregate commitment will be achieved despite that rule not 
being pursued.  If CARB staff brings a proposed rule to the Board, and the Board adopts it, that 
rule may provide more or less emissions reductions than the amount shown. 
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2022 State SIP Strategy 


Clean Off-Road Fleet Recognition Program 


Overview 


The primary goal of the Clean Off-Road Fleet Recognition Program would be to create a 
non-monetary incentive to encourage off-road fleets to go above and beyond existing 
regulatory fleet rule compliance and adopt advanced technology equipment with a strong 
emphasis on zero-emission technology. This measure would provide a standardized 
methodology for contracting entities, policymakers, state and local government, and other 
interested parties to establish guidelines for contracting criteria or require participation in the 
program to achieve their individual policy goals. 


Background/Regulatory History 


• All self-propelled off-road diesel vehicles 25 hp or greater used in California and most
two-engine vehicles (except on-road two-engine sweepers) are subject to the Regulation
for In-Use Off-Road Diesel-Fueled Fleets (Off-Road Diesel Regulation). The Off-Road
Diesel Regulation achieves reductions of NOx and diesel PM by requiring fleet owners to
meet declining fleet average emission targets by replacing, or repowering older engines,
or installing Verified Diesel Emission Control Strategies (VDECS) i.e., exhaust retrofits. The
regulation also includes limits on idling, reporting and labeling, and restricts the adding of
older vehicles into fleets. While not the primary focus of the off-road regulation, fleets
may use zero-emission and other advanced technology equipment to comply with the
Off-Road Regulation.


• The Governor’s Executive Order N-79-20 directs CARB to develop and propose strategies
to achieve 100 percent zero-emission from off-road vehicles and equipment operations in
the State by 2035 where feasible.


• Incentives are critical for supporting the advancement and wide-scale deployment of
zero-emission technologies while simultaneously providing immediate emissions
reductions to help meet our air quality and climate goals. Traditional, monetary incentives
from federal, state, and local sources have been used to demonstrate and assess
feasibility of zero-emission technologies in various applications or to increase adoption of
those technologies before required.


• CARB’s existing programs and ongoing work has focused on advancing and increasing
adoption of zero-emission technologies in off-road applications. Most of CARB’s off-road
demonstration projects are focused on advancing zero-emission technology in freight
applications. Additional programs, incentives, and policy support is necessary to advance
and assess the feasibility of zero-emission technology in other sectors, such as
construction and agriculture.


• Non-monetary incentives can play a role in the suite of strategies used to transition fleets
from conventional combustion technology to advanced technology and ZEVs. These
strategies can be used to motivate businesses to take actions that may require a change
to normal business operations and allow regulators to provide early benefits prior to
regulatory mandates.
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Proposed Action 


For this voluntary program, CARB would establish a framework that would encourage fleets to 
incorporate advanced technology and ZEVs into their fleets, prior to or above and beyond 
regulatory mandates. The program would provide standardized criteria or a rating system for 
fleet participation at various levels to reflect the penetration of advanced technology and ZEVs 
into a fleet. Levels could be scaled over time as zero-emission equipment becomes more readily 
available. CARB anticipates the next several years of technology advancements and 
demonstrations to drive the stringency of the rating system. Participation in the program would 
be voluntary for fleets; however, designed in a manner that provides them motivation to go 
beyond business as usual. The program would offer value for fleets to participate by providing 
them access to jobs/contracts, public awareness, and marketing opportunities. 


The goal would be to create a single point of standardization so that contracting entities, 
policymakers, state and local government, and other interested parties could use the program to 
establish guidelines for contracting criteria or require participation in the program to achieve 
their individual policy goals. These entities could point to a single program to achieve their 
policy goals. These entities would benefit by reducing resources needed to develop and 
implement individual programs, and could motivate smaller, or resource constrained, 
organizations to adopt policies they may not have been able to do without the statewide 
program. Fleets would benefit by only having to engage in a single streamlined program. The 
program could also be used by local air districts or other lead agencies as part of a CEQA 
mitigation strategy. 


CARB would work with interested stakeholders over the next several years to develop a single, 
streamlined program, or to otherwise incorporate this concept into an existing program. While 
participation would be voluntary, it is expected that this program would rely heavily on existing 
reporting that fleets are already required to do as part of CARB’s regulatory programs. CARB 
expects significant outreach and coordination among all interested parties, including fleets, 
equipment manufacturers, state and local government, and other policy makers to ensure a 
program that is streamlined and useable. In addition to the development process for the 
Proposed 2022 State SIP Strategy, the measure as proposed by staff or adopted by the Board 
will be subject to a full independent public process. 


Estimated Emissions Reductions 


Given this is a voluntary program, reductions will be predicated on availability of advanced 
technology and zero-emissions equipment, as well as interest from policy partners using the 
program. CARB will quantify any emissions reductions from this measure during the program 
development process.  


Timing 


Proposed CARB finalization: 2025 
Proposed implementation begins: 2027 


Proposed SIP Commitment  


CARB staff proposes to commit to engage in a public process and finalize a program by 2025. 
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2022 State SIP Strategy 


Spark-Ignition Marine Engine Standards 


Description  


The goal of this measure is to reduce emissions from new spark-ignition (SI) marine engines by 
adopting more stringent exhaust standards for outboard and personal watercraft, which 
currently do not use catalyst control technologies. Staff estimates that stricter standards could 
reduce combined HC or ROG and NOx emissions by approximately 70 percent below the 
current HC+NOx standard (≈16.5 grams per kilowatt-hour (g/kW-hr)) for engines greater than or 
equal to 40 kilowatts (kW) in power, and by approximately 40 percent for engines less than 
40 kW in power. 


CARB staff is also evaluating whether some outboard and personal watercraft vessels could be 
propelled by zero-emission technologies in certain applications. For example, zero-emission 
powertrains have the potential to gradually replace most outboard engines less than 19 kW, as 
well as many new personal watercraft engines. 


Reducing emissions from watercraft would help clear the air in the parks, beaches, and 
recreational areas where Californians go for family time and relaxation. To the extent watercraft 
are used in and near communities most impacted by air pollution, cutting emissions from these 
engines to the maximum extent feasible is important for reducing exposure in such 
communities. 


Background 


• U.S. EPA first promulgated exhaust emission standards to reduce emissions of HC and
NOx from new outboard and personal watercraft engines in 1996, which were to begin in
2006.


• In 1998, CARB adopted regulations that accelerated the federal standard’s 2006
implementation date to 2001 in California. The regulations also set more stringent
California standards for outboard and personal watercraft engines that took effect in 2004
and 2008.


• On July 26, 2001, the Board amended the SI marine regulations to include HC+NOx
emission standards for new sterndrive and inboard marine engines. These standards
initially capped HC+NOx emissions at 16.0 g/kW-hr from 2003 to 2006, but beginning in
2007, sterndrive and inboard engines had to meet a catalyst-based 5.0 g/kW-hr HC+NOx
standard. Most sterndrive and inboard engines are derived from truck engines and their
aftertreatment technology makes the transition to catalysts far less complicated than for
outboard and personal watercraft engines.


• In 2007, U.S. EPA harmonized with CARB’s accelerated implementation schedule and
more stringent exhaust standards for outboard and personal watercraft engines.


• In 2010, Mercury Marine Corporation demonstrated the ability of catalyst-equipped
45 kW and 150 kW outboard engines to meet a 5.0 g/kW-hr HC+NOx standard in a
feasibility program sponsored by CARB.


• In 2013, Mercury Marine Corporation demonstrated that a catalyst-equipped 30 kW
outboard engine was able to meet a 5.0 g/kW-hr HC+NOx standard in another feasibility
program sponsored by CARB.
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Proposed Action 


For this measure, CARB would develop and propose catalyst-based standards for outboard and 
personal watercraft engines greater than or equal to 40 kW in power that will gradually reduce 
emission standards to approximately 70 percent below current levels. For outboard and 
personal watercraft engines under 40 kW, more stringent exhaust standards will be developed 
and proposed based on the incorporation of electronic fuel injection that will gradually reduce 
emission standards 40 percent below current levels. These standards could be met directly or 
through corporate averaging. 


In addition to adopting more stringent exhaust standards, CARB is considering actions per 
Executive Order N-79-20 that would require a percentage of outboard and personal watercraft 
vessels to be propelled by zero-emission technologies for certain applications. Outboard 
engines less than 19 kW, which are typically not operated aggressively or for extended periods, 
could potentially be phased-out and gradually replaced with zero--emission technologies. Some 
personal watercraft applications could also potentially be replaced with zero-emission 
technologies. In addition to the development process for the Proposed 2022 State SIP Strategy, 
the measure as proposed by staff or adopted by the Board will be subject to a full independent 
public process. 


Estimated Emissions Reductions 


The estimated emission benefits associated with this measure were calculated using CARB’s 
off-road recreational marine vessel emissions inventory model, RMV2022, assuming a 
5.0 g/kW-hr HC+NOx standard for outboard engines and personal watercraft engines at or 
above 40 kW in power and a 10.0 g/kW-hr HC+NOx standard for engines less than 40 kW, 
phased-in from 2031 to 2033. The potential benefits from electrification assume both a 
100 percent phase-in for outboard engines less than 19 kW and a 50 percent phase-in for 
personal watercraft engines of all power ratings. Table 40 shows the estimated emissions 
reductions for this measure.  


Table 39 – Spark Ignition Marine Engine Standards Estimated Emissions Reductions


Timing 


Proposed CARB Board hearing:  2029 
Proposed implementation schedule: 2031-2033 phase-in for exhaust standards 


2031-2035 phase-in for zero-emissions 



https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
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Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
NOx emissions reductions shown in Table 39 for the relevant nonattainment areas in the relevant 
years. Staff proposes to commit to bring a publicly noticed item before the Board by 2029 that is 
either a proposed rule, or is a recommendation that the Board direct staff to not to pursue a rule 
based on an explanation of why such a rule is unlikely to achieve the relevant emissions 
reductions in the relevant timeframe, and would include a demonstration that the overall 
aggregate commitment will be achieved despite that rule not being pursued.  If CARB staff 
brings a proposed rule to the Board, and the Board adopts it, that rule may provide more or less 
emissions reductions than the amount shown. 
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2022 State SIP Strategy 


Proposed Measures: Consumer Products 


Description of Source Category: 


Chemically formulated consumer products such as personal care products, household care 
products, and automotive care products are a significant source of ROG emissions and have 
been regulated as a source of ROG in numerous rulemakings since 1989. Consumer products 
are the largest source category of ROG emissions in the South Coast and statewide.  


Although it is not possible to meet the 70 ppb 8-hour ozone standard without significant NOx 
reductions, ozone modeling has shown that reductions in ROG emissions remain an effective 
strategy for control of ozone in certain geographic areas of California with high NOx emissions. 
This is the case with the South Coast, and to a lesser extent in other highly populated areas of 
coastal California. Emission-rich upwind areas in the South Coast contribute to ozone formation 
further downwind and may themselves experience ozone concentrations above the health-based 
ambient air quality standards. Modeling also shows that for these upwind areas, the 
effectiveness of ROG reductions declines as ozone concentrations fall with continued NOx 
reductions. Therefore, ROG reductions are more impactful in the South Coast–which features a 
high concentration of NOx emissions sources and the nation’s highest ozone levels—than 
elsewhere in California. Ozone modeling indicates that much of the South Coast, and particularly 
its more densely populated western and central areas, will continue to benefit from reductions in 
volatile organic compounds —the more volatile portion of ROG—in the post-2031 timeframe. 
Given that population tracks closely with consumer product use, further emissions reductions 
from consumer products would significantly contribute to ozone attainment progress in the 
South Coast.  


Consumer Products Standards 


Overview 


Current regulations have been effective in substantially reducing VOC emissions from consumer 
products. The Consumer Products Program, broadly, consists of a number of regulations that 
have led to an over 50 percent reduction in emissions over the past 30 years. However, benefits 
from the adopted standards are being eroded by California’s population growth and associated 
product usage, and VOC emissions from consumer products now exceed those from any other 
emission source category. The primary goal of this measure is to help attain federal ozone 
standards in the South Coast by addressing projected growth in consumer product emissions. 
While this measure focuses on attaining federal air quality standards in the South Coast, where 
nearly 15 million residents face the most extreme and persistently high ambient ozone levels in 
the nation, it will also facilitate attainment of State and federal air quality standards in other 
California regions. 


Background/Regulatory History 


• Consumer products are a diverse group of chemically formulated products used by
household and institutional consumers and are a significant source of both VOC and ROG
emissions. CARB has regulated consumer products by setting regulatory standards
applicable to their chemical constituents.
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• As part of the State’s effort to reduce air pollutants, in 1988 the Legislature added section
41712 to the California Clean Air Act (California Act) in the Health and Safety Code.
Along with subsequent amendments, this section requires CARB to adopt regulations to
achieve the maximum feasible reduction in VOC emissions from consumer products. In
doing so, the Board must first determine that adequate data exist to establish that the
regulations are necessary to attain State and federal ambient air quality standards.
Commercial and technological feasibility of the regulations must also be demonstrated.
The California Act requires that regulations must not eliminate any product form, and that
recommendations from health professionals must be considered when developing control
measures for health benefit products.


• Historically, regulated consumer products have been subject to standards that limit VOC
content by mass. Some regulated product categories—aerosol coatings and multi-
purpose lubricants—have subsequently been regulated by setting reactivity-based limits.
Both regulatory approaches are intended to reduce ozone formation from consumer
products. The relative effectiveness of each regulatory approach varies by product
category. Product manufacturers have complied with VOC content standards and
reactivity limits by reformulating products. Since the program’s inception, CARB’s
progressively declining VOC standards and reactivity limits have reduced VOC emissions
by 250 tpd.


• Several reformulation approaches may be used to comply with VOC content standards.
These include: substituting much less reactive VOCs (known as exempt VOCs) for more
reactive chemical species; using less volatile organic constituents (known as low vapor
pressure VOCs, or LVP-VOCs); increased use of water and other volatile inorganic
ingredients; and increased use of non-volatile constituents. Chemicals in the four
groupings listed above are not included when determining whether the VOC content of a
product exceeds the applicable VOC standard.


• CARB controls emissions from aerosol coating products using a reactivity-based
regulation. This regulation uses product-weighted reactivity-based limits to reduce
product ozone formation potential. Reactivity limits apply to the entirety of a product’s
volatile organic content, including VOCs, LVP-VOCs, and exempt VOCs. This approach
emphasizes use of less reactive rather than less volatile ingredients. Historically,
reductions from reactivity limits are expressed as either VOC reductions or equivalent
VOC reductions.


• CARB has reduced exposure to toxic air contaminants (TACs) by prohibiting use of certain
chlorinated compounds in 83 categories of consumer products. Since the first prohibition
on TAC became effective in 2002, CARB has achieved a total emissions reduction of over
13 tpd of TACs. Furthermore, when setting VOC or reactivity-based limits, CARB has
applied California Environmental Quality Act provisions requiring that environmental
impacts of proposed regulations be evaluated.


• CARB prohibitions on use of ingredients with a global warming potential (GWP) above
150 in several consumer product categories have reduced GHG emission growth by
approximately 0.24 million metric tons of carbon dioxide equivalents by 2030. However,
increased use of HFC-152a propellant, an exempt VOC with a GWP of 124, could offset
the benefits of adopted high GWP compound prohibitions.
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• CARB staff periodically conducts consumer product surveys which assess the sales volume
and formulations of consumer products sold in California.


Proposed Action 


For this measure, CARB is seeking further emissions reductions to support ozone attainment in 
the South Coast and elsewhere in California. To accomplish this, CARB staff anticipates casting a 
wide net in its review of product categories. CARB staff will conduct additional targeted product 
surveys to guide rule development and ensure emissions reductions are based on the 
state-of-the-science. Staff will consider opportunities to reduce ozone formation from both 
already regulated product categories as well as previously unregulated categories. For 
categories with relatively high contributions to ozone formation, whether currently regulated or 
unregulated, staff will evaluate the merits of proposing reactivity limits. 


Approaches to be considered also include investigating concepts for expanding manufacturer 
compliance options, market-based approaches, and reviewing existing exemptions. Staff will 
work with stakeholders to explore mechanisms that would encourage the development, 
distribution, and sale of cleaner, very low, or zero-emitting products. In undertaking these efforts 
staff will prioritize strategies that achieve the maximum feasible reductions in ozone-formation, 
TACs and GHG emissions. 


In summary, efforts to reduce the ozone impact of consumer products will include CARB staff’s 
consideration of control strategies that utilize VOC standards and reactivity-based limits. Staff 
will also consider other innovative approaches to most effectively meet emission reduction 
targets and help California meet its air quality, climate and public health goals.  


In addition to the development process for the Proposed 2022 State SIP Strategy, the measure 
as proposed by staff or adopted by the Board will be subject to a full independent public 
process. 


Estimated Emissions Reductions 


The proposed measure would address consumer product emissions growth by 2037 to help 
meet federal ozone standards in the South Coast and would contribute to attainment of State 
and federal standards statewide. Staff will use Survey data, along with other technical 
information, to propose control strategies to mitigate projected emission increases due to 
increased product use over time in the South Coast and statewide. 


Staff intends to continue performing survey work in support of Consumer Product Program 
implementation. Survey results will enable staff both to track emissions trends and to project 
future emission levels for use in ozone modeling. That modeling would be used in the future to 
evaluate the need for further consumer product emissions reductions. Survey work would also 
inform CARB staff about the emergence and market acceptance of products that could be the 
basis, should the need arise, for more stringent, technologically achievable and commercially 
viable regulatory limits. 


Emission reduction targets in this measure are expressed as VOC reductions or equivalent VOC 
reductions, as has historically been the case when describing SIP-creditable emissions reductions 
resulting from more stringent VOC standards or reactivity limits, respectively. The term 
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equivalent VOC reduction recognizes that reductions in ozone formation may be achieved by 
reformulating a product to use less reactive VOCs. For example, ozone formation reductions 
could be achieved by substituting less reactive VOC for more reactive VOC in a product. While 
total VOC content may not be reduced by such a reformulation, a reactivity limit would translate 
to an equivalent VOC reduction, based on the resulting ozone formation reduction. Similarly, 
equivalent VOC reductions could result from substitution of less reactive VOCs for LVP-VOCs in 
a product. In such a case, the total VOC content of a product could increase even as its ozone 
formation potential decreases. The benefits of such a regulatory approach would be 
appropriately expressed as equivalent VOC reductions. 


Table 40 - Consumer Products Estimated Emissions Reductions


Timing 


Proposed CARB Board hearing:  2027 
Proposed implementation schedule: 2028-2037 


Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
VOC emissions reductions shown in Table 40 for the relevant nonattainment areas in the 
relevant years. Staff proposes to commit to bring a publicly noticed item before the Board by 
2027 that is either a proposed rule, or is a recommendation that the Board direct staff to not to 
pursue a rule based on an explanation of why such a rule is unlikely to achieve the relevant 
emissions reductions in the relevant timeframe, and would include a demonstration that the 
overall aggregate commitment will be achieved despite that rule not being pursued.  If CARB 
staff brings a proposed rule to the Board, and the Board adopts it, that rule may provide more 
or less emissions reductions than the amount shown. 
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2022 State SIP Strategy 


Proposed Measures: Residential and Commercial Buildings 


Description of Source Category  


Residential and commercial buildings are responsible for roughly 5 percent of statewide NOx 
emissions due to natural gas combustion. California’s buildings emit about 66 tpd of NOx78 to 
the ambient air, about four times the emissions from electric utilities and nearly two-thirds the 
emissions from light-duty vehicles statewide. Space and water heating comprise nearly 
90 percent of all building-related natural gas demand.79 Buildings also contribute to 
approximately 25 percent of California’s GHG emissions when accounting for fossil fuels 
consumed onsite and through electricity demand as well as refrigerants used in air conditioning 
systems and refrigerators. The fuels we use and burn in buildings, primarily natural gas, for space 
and water heating contribute significantly to building-related criteria pollutant and GHG 
emissions and provide an opportunity for substantial emissions reductions where zero-emission 
technology is available. 


Zero-Emission Standard for Space and Water Heaters 


Overview 


The primary goal of this measure is to reduce emissions from new residential and commercial 
space and water heaters sold in California. CARB would set an emission standard for space and 
water heaters to go into effect in 2030. Through meaningful engagement with communities and 
the process outlined below, CARB would adopt a statewide zero-emission standard which would 
have criteria pollutant benefits as a key result along with GHG reductions. Beginning in 2030, 
100 percent of sales of new space heaters and water heaters would need to comply with the 
emission standard. CARB would design any such standard in collaboration with energy and 
building code regulators, and with air districts, to ensure it was consistent with all state and local 
efforts, and would work carefully with communities to consider any housing cost or affordability 
impacts, recognizing that reducing emissions from space and water heaters can generate health 
benefits and cost-savings with properly designed standards. CARB understands that this 
measure needs to be part of a suite of equity-promoting and complementary building 
decarbonization policies deeply informed by public process that include scaling back natural gas 
infrastructure, expanding construction of zero-emission buildings, and building a sustainable 
market by increasing affordability and accessibility through expanding incentive programs, 
ensuring utility rates are supportive of electrification, developing the workforce, and increasing 
consumer education. Although this measure is the only component appropriate for including in 
the SIP, before setting an emission standard, CARB will work in collaboration with other 
agencies, industry, environmental stakeholders, and community representatives to ensure that 
the measure is developed and implemented in an equitable manner to benefit low-income and 


78 CARB’s Criteria Emission Inventory CEPAM: 2022 Version 1.01 - Standard Emission Tool.  NOx emission estimates 
are based on annual average daily emissions. 
79 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske. 2021. California Building Decarbonization 
Assessment. California Energy Commission. Publication Number: CEC-400-2021-006-CMF. Web link: 
https://www.energy.ca.gov/data-reports/reports/building-decarbonization-assessment. 
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disadvantaged communities. As such, community engagement will be a critical aspect of the 
entire process. Furthermore, as this proposal is developed, this measure may be expanded to 
include other end-uses. 


Background/Regulatory History 


• Nine air districts regulate NOx emissions from space heaters and water heaters. Bay Area,
San Joaquin Valley, South Coast, Yolo-Solano, San Diego County, and Sacramento Metro
enforce the most stringent emission limit of 10 ng/J NOx for water heaters. San Joaquin
Valley and South Coast enforce the most stringent emission limit of 14 ng/J NOx for
space heaters.


• Even with low NOx emission limits in place, NOx emissions from natural gas combustion
in residential and commercial buildings are projected to total 37.7 tpd NOx in the year
2030 and 36.2 tpd NOx in the year 203780. If no further action is taken to further limit
emissions from natural gas combustion, building-related emissions are projected to total
11.2 tpd NOx in South Coast and 4.6 tpd NOx in San Joaquin Valley by 2037.


• A statewide zero-emission standard for space and water heaters has the potential to
reduce 13.55 tpd NOx in 2037. If the statewide zero-emission standard was expanded to
include cooking, clothes drying, and all other end-uses of natural gas in residential and
commercial buildings, it would have the potential to reduce 19.96 tpd NOx in 2037.


Proposed Action 


For this measure, CARB would develop and propose zero-emission standards for space and 
water heaters sold in California using its regulatory authority for GHGs (which includes 
consideration of related criteria pollutant reduction benefits). CARB would collaborate with the 
U.S. Department of Energy and the California Energy Commission which are responsible for 
establishing appliance standards focused on maximizing energy efficiency at the federal and 
state level. CARB would consult with the California Building Standards Commission, Housing and 
Community Development and the California Energy Commission which have authority to 
develop building standards for new construction, additions, and alterations of residential and 
commercial buildings to ensure this measure is complementary. At the regional level, CARB 
would work with air districts in the development of a statewide zero-emission standard and to 
further tighten district rules to drive increased adoption of zero-emission technologies. Finally, 
CARB would engage with community-based organizations and other key stakeholders to 
incorporate equitable considerations for low-income and environmental justice communities 
where feasible. This proposed measure is a key component of a broader portfolio of strategies 
to advance equitable building decarbonization in California. 


This measure would not mandate retrofits in existing buildings, but some buildings would 
require retrofits to be able to use the new technology that this measure would require. 
Beginning in 2030, 100 percent of new space and water heaters (for either new construction or 


80 CARB’s Criteria Emission Inventory CEPAM: 2022 Version 1.01 - Standard Emission Tool.  NOx emission estimates 
are based on summer average daily emissions as opposed to annual average daily emissions. 







2022 State SIP Strategy September 22, 2022 


103 


replacement of burned-out equipment in existing buildings) sold in California would need to 
meet the zero-emission standard. It is expected that this regulation would rely heavily on heat 
pump technologies currently being sold to electrify new and existing homes. In addition to the 
development process for the Proposed 2022 State SIP Strategy, the measure as proposed by 
staff or adopted by the Board will be subject to a full public process.  


Estimated Emissions Reductions 


The estimated emission benefits associated with a zero-emission standard measure were 
quantified based on CARB’s CEPAM 2022 v1.01. Preliminary estimated emission benefits are 
presented below. The estimated emissions benefits for this measure in the Draft 2022 State SIP 
Strategy were estimated based on annual-averaged emissions, but were updated for the 
Proposed 2022 State SIP Strategy for consistency with the other measures to represent 
summer-averaged emissions. The change in estimated emissions benefits are expected and the 
difference occurs due to household seasonal usage of space and water heaters.   


Table 41 – Water Heating and Space Heating Estimated Emissions Reductions (Summer 
Average)81


Timing 


Proposed CARB Board hearing:  2025 
Proposed implementation begins: 2030 


Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
NOx emissions reductions shown in Table 41 for the relevant nonattainment areas in the relevant 
years. Staff proposes to commit to bring a publicly noticed item before the Board by 2025 that is 
either a proposed rule or is a recommendation that the Board direct staff to not pursue a rule 
based on an explanation of why such a rule is unlikely to achieve the relevant emissions 
reductions in the relevant timeframe, and would include a demonstration that the overall 
aggregate commitment will be achieved despite that rule not being pursued. If CARB staff 
brings a proposed rule to the Board, and the Board adopts it, that rule may provide more or less 
emissions reductions than the amount shown. 


81 Reductions may be achieved through CARB and/or complementary South Coast AQMD control measures for this 
sector 
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Proposed Measures: Pesticides 


Description of Source Category  


Pesticides are used for urban and agricultural pest management across the State and are an 
area-wide source of ROG and other types of emissions. 


Pesticides are regulated under both federal and state law. Under the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA), the U.S. EPA has authority to control pesticide 
distribution, sale, and use. Pesticides used in the United States must first be registered (licensed) 
by the U.S. EPA and subsequently registered by DPR prior to being distributed, sold or used in 
California. Registration ensures that pesticides will be properly labeled and will not cause 
significant adverse effects to human health or the environment. 


DPR is the agency responsible for regulating the sale and use of pesticides in California. DPR can 
generally reduce exposures to pesticides through the development and implementation of 
necessary restrictions on pesticide sales and use and by encouraging integrated pest 
management. Mitigation measures may be implemented by several methods, including 
regulations, local permit conditions, pesticide label changes, or product cancellation.   


DPR is working to accelerate the transition toward safer, more sustainable pest management 
practices in order to improve the health of all Californians and protect the environment, while 
also continuing to support a strong agricultural economy and effectively manage urban pest 
pressures. DPR launched the Sustainable Pest Management Work Group in 2021 to develop a 
roadmap for how to achieve this vision. The group will release its recommendations later in 
2022. Future developments from this workgroup’s recommendations could potentially result in 
VOC emissions reductions in addition to minimizing reliance on more hazardous pesticides. 


1,3-Dichloropropene Health Risk Mitigation 


Background/Regulatory History 


Considered a volatile organic compound (VOC), 1,3-Dichloropropene (1,3-D) is a fumigant used 
to control nematodes, insects, and disease organisms in soil. 1,3-D has major uses in California in 
fruit and nut trees, strawberries, grapes, carrots, and a host of other food and non-food crops. It 
is commonly injected into soil on a pre-plant basis. It is also applied through drip irrigation prior 
to planting. The potential for 1,3-D volatilization creates the opportunity for off-site transport 
and subsequent human exposure.  


DPR’s 2015 Risk Characterization Document indicates possible unacceptable exposures to 
non-occupational bystanders, particularly infants and children. DPR also observed air 
concentration detections near the acute health screening levels from ambient air monitoring 
performed throughout the state. 


DPR’s 2021 Risk Management Directive established the regulatory target of limiting short-term 
air concentrations to no more than 55 parts per billion as a 72-hour average to mitigate acute 
exposures.   
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DPR conducted five pilot studies in 2020-2021 to develop and assess mitigation measures to 
reduce 1,3-D exposures. The resulting mitigation measures from this study will help inform the 
basis for DPR’s regulation to address exposure to non-occupational bystanders.  


Proposed Action 


DPR is developing a regulation to address both cancer and acute risk to non-occupational 
bystanders from the use of 1,3-D. The regulation will be developed in consultation with the 
County Agricultural Commissioners (CACs), the local air districts, the California Air Resources 
Board (CARB), the Office of Environmental Health Hazard Assessment (OEHHA), and the 
California Department of Food and Agriculture (CDFA). Once implemented, DPR’s regulation 
would require applicators to use totally impermeable film (TIF) tarpaulins or other mitigation 
measures that provide a comparable degree of protection from exposure. 


Potential Emissions Reductions 


Once implemented, DPR’s regulation would reduce non-occupational bystander exposure to 
1,3-D by shifting to application methods with lower 1,3-D emissions or that use other measures 
to reduce exposure. Due to a variety of factors, a small number of allowable application 
methods may not result in emissions reductions.  This regulation would not address any 
mandatory state implementation plan (SIP) element or other Clean Air Act requirement but may 
reduce VOC emissions from the use of this fumigant once fully implemented. While emissions 
reductions have not been identified at this time, DPR will quantify any emissions reductions once 
mitigation measures have been adopted.  


Timing 


DPR notices rulemaking:  2022 
1,3-D Regulations effective: 2024 


Proposed SIP Commitment 


DPR is committed to the development and implementation of a statewide regulation to address 
both cancer and acute risks to non-occupational bystanders from the use of 1,3-D. While this 
regulation would not address any mandatory SIP element or other Clean Air Act requirement, it 
may reduce VOC emissions from the use of this fumigant once it is fully implemented. 
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Proposed Measures: Primarily-Federally and Internationally Regulated 
Sources 


In addition to reducing emissions from on-road vehicles and off-road equipment, it is critical to 
achieve emissions reductions from sources that are primarily regulated at the federal and 
international level. CARB and the air districts in California have taken actions to not only petition 
federal agencies for action, but also to directly reduce emissions using programmatic 
mechanisms within our respective authorities. CARB continues to explore additional actions, 
many of which may require a waiver or authorization under the Clean Air Act, as described 
below. That said, given that aviation, locomotives, and oceangoing vessels are projected to 
contribute more than 40 percent of statewide NOx emissions by 2037, as shown in Figure 17, 
actions by the U.S. EPA and other federal and international entities are needed to reduce 
emissions from these sources. As shown below and in Figure 18, emissions of both ROG and 
NOx from these sources are projected to increase from 2018 through 2037 absent additional 
federal action. 


Figure 17 - 2037 Statewide NOx Baseline Emissions Inventory82 


82 Source: 2022 CEPAM v1.01; represents the current baseline emissions out to 100 nautical miles with adopted 
CARB and district measures 
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Description of Source Categories: 


Locomotives 


Locomotives are self-propelled vehicles used to push or pull trains, including both freight and 
passenger operations. Union Pacific Railroad (UP) and BNSF Railway (BSNF) are the two Class I, 
or major, freight railroads operating in California. There are also seven intrastate passenger 
commuter operators and up to 26 freight shortline railroads currently operating in California. UP 
and BNSF, however, generate the vast majority (90 percent) of locomotive emissions within the 
State, with most attributable to interstate line haul locomotives.  


UP and BNSF operate three major categories of freight locomotives, both nationally and in 
California. The first category is interstate line haul locomotives, which are primarily 
~4,400 horsepower (HP). The second category is made up of medium-horsepower (MHP) 
locomotives, as defined by CARB as typically between 2,301 and 3,999 HP. MHP locomotives 
are typically older line haul locomotives that have been cascaded down from interstate service. 
And lastly, there are switch (yard) locomotives, specifically defined by U.S. EPA as between 
1,006 and 2,300 HP.  


Locomotives operating at railyards and traveling throughout the nation are a significant source 
of emissions of diesel PM (which CARB has identified as a toxic air contaminant), NOx, and 
GHGs. These emissions often occur in or near densely populated areas and neighborhoods, 
exposing residents to unhealthy levels of toxic diesel PM, plus regional ozone and secondary 
PM2.5. 


Aviation 


According to CARB’s official emissions inventory, five different aircraft categories contribute 
significantly to NOx emissions: civilian piston aircraft, agricultural crop-dusting aircraft, military 
jet aircraft, commercial jet aircraft, and civilian jet aircraft. Commercial jet aircraft contribute 
about 90 percent of NOx emissions from all aircraft in California, whereas military jet aircraft and 
civilian jet aircraft each contribute about 4.5 percent of NOx. Together, civilian piston aircraft 
and agricultural crop-dusting aircraft produce less than 1 percent of NOx emissions.  


Ocean-Going Vessels 


Ocean-Going Vessels (OGV or vessel) are very large vessels designed for deep water navigation. 
OGVs include large cargo vessels such as container vessels, tankers, bulk carriers, and car 
carriers, as well as passenger cruise vessels. These vessels transport containerized cargo; bulk 
items such as vehicles, cement, and coke; liquids such as oil and petrochemicals; and 
passengers. OGVs travel internationally and may be registered by the U.S. Coast Guard 
(U.S.-flagged), or under the flag of another country (foreign-flagged). Most vessels that visit 
California ports are foreign-flagged vessels. 
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Figure 18 - Primarily-Federally Regulated Sources: Statewide Baseline Emissions Inventory83 


Federally Certified On-Road Heavy-Duty Vehicles 


As previously described, heavy-duty vehicles include a wide range of vocational and drayage 
trucks, as well as buses. California may receive a waiver of Clean Air Act preemption for new 
motor vehicles that differs from the federal emission standards. Since 1990, California’s 
heavy--duty engine emission standards have become dramatically more stringent than federal 
emission standards. While California has more stringent emission standards for heavy-duty 
vehicles than the federal government, this does not prevent trucks from outside of California 
traveling within the state. Close to half of the vehicle miles traveled from on-road heavy-duty 
vehicles in the State is contributed by vehicles originally sold outside of California, otherwise 
known as federal-certified vehicles. These federal-certified vehicles are only required to meet the 
less stringent federal emission standards and not California’s emission standards.  


Preempted Off-Road Equipment 


The off-road equipment category includes some equipment in the following categories: lawn 
and garden equipment, transportation refrigeration units, vehicles and equipment used in 
construction and mining, forklifts, cargo handling equipment, commercial harbor craft, and other 


83 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions out to 100 nautical miles with 
adopted CARB and district measures 
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industrial equipment. California is the only state with authority to adopt and enforce emission 
standards for new and in-use off-road engines that differ from the federal emission standards. 
That said, the Clean Air Act does preempt California from establishing more stringent standards 
for equipment under 175 horsepower in a select group of off-road equipment categories. These 
preempted off-road equipment categories are only required to meet the less stringent federal 
emission standards and not California’s emission standards. 
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Proposed CARB Measures 


In-Use Locomotive Regulation 


Overview 


CARB is developing the In-Use Locomotive Regulation to accelerate the adoption of advanced, 
cleaner technologies, including zero-emission technologies, for locomotive operations. 
Locomotives have diesel engines, which are significant emitters of PM and NOx. Locomotive 
emissions are concentrated in locations like ports and railyards and pose significant health risks 
to nearby communities. This draft regulation will be implemented statewide and provide an 
opportunity for locomotive operators to better address regional pollution and long-standing 
environmental justice concerns with communities near railyards.  


Additionally, the measure includes a pathway to accelerate the immediate adoption of advanced 
cleaner technologies for all locomotive operations. These accelerated timelines for cleaner 
technologies are in response to Executive Order N-79-20, which calls for 100 percent of off-road 
vehicles and equipment operations to be zero-emission by 2035 where feasible.  


Local air districts may also pursue indirect source rules for freight facilities that could result in 
reductions from this category. CARB staff is considering an indirect source rule suggested 
control measure to assist air districts.  


Background/Regulatory History 


• Locomotive emissions are projected to contribute 14 percent to the State’s freight diesel
emissions NOx inventory and 16 percent to the State’s freight diesel emissions PM2.5
inventory in 2030.


• Locomotive activity occurs at seaports, railyards, and other major freight hubs throughout
California. Nearby communities are disproportionately burdened by the cumulative health
impacts from these facilities.


• In 2017, CARB petitioned U.S. EPA to promulgate a Tier 5 standard. The proposed
standard would include using on-board batteries to support zero-emission rail operation
in sensitive areas, as well as cut fuel consumption and GHG emissions. As of March 2022,
U.S. EPA has taken no action on this petition.


• The proposed In-Use Locomotive Regulation is California’s first regulation of locomotives
in-use. In the past, CARB obtained emissions reductions from locomotives through
enforceable agreements with two Class I railroads: Union Pacific (UP) and BNSF Railway
(BNSF). The 1998 Locomotive NOx Fleet Average Emissions Agreement in the South
Coast Air Basin (1998 MOU84) mandated a Tier 2-average NOx emission standard
throughout the South Coast Air Basin by 2010.


84CARB: 1998 Locomotive NOx Fleet Average Emissions Agreement in the South Coast Air Basin 
<https://ww2.arb.ca.gov/sites/default/files/2018-06/loco_flt.pdf> accessed December 28, 2020. 



https://ww2.arb.ca.gov/our-work/programs/reducing-rail-emissions-california

https://ww2.arb.ca.gov/sites/default/files/2018-06/loco_flt.pdf
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• The 2005 Statewide Railyard Agreement (2005 Agreement85) initiated early use of
low--sulfur diesel in locomotives, established a statewide idle-reduction program, and
ensured that BNSF and UP would work with CARB to obtain Health Risk Assessments at
18 of California’s major railyards.


• While enforceable agreements and federal locomotive standards have achieved emissions
reductions, more stringent emission standards are needed to address the air quality,
public health, and climate change concerns associated with locomotive operations.


• In September 2020, Governor Newsom signed Executive Order N-79-20 which directs
CARB to adopt regulations to transition the State’s transportation fleet to ZEV. This
includes transitioning the state’s off-road fleet (including locomotives) to ZEVs by 2035
where feasible.


Proposed Action 


For this measure, CARB would develop an In-Use Locomotive Regulation that would apply to all 
locomotives operating in the State of California with engines that have a total rated power of 
greater than 1,006 hp, excluding locomotive engines used in training of mechanics, equipment 
designed to operate both on roads and rails, and military locomotives. In addition to the 
measures described below, locomotive operators would report locomotive engine emissions 
levels and activity on an annual basis. 


Spending Account: The goal of this action is to increase uptake of cleaner diesel locomotives 
and zero-emission locomotives. 


• By July 1, 2024, a spending account would be established for each locomotive operator.
• The amount deposited annually into the operator’s spending account is determined by


the NOx and PM emission levels of the locomotive engines and activity in megawatt
hours of each locomotive operated in California.


• Funds in the account would be required to go toward the Tier 4 locomotives from
2023-2030, and toward zero-emission locomotives from 2030 and beyond.


• At any time, the spending account funds may be used for zero-emission locomotives,
zero-emission railcar movers, zero-emission infrastructure and zero-emission locomotive
pilots and demonstration projects.


In-Use Operational Requirements: Gradually eliminating the use of older, dirtier locomotives. 


• Beginning January 1, 2030, all locomotives built in or before 2007 would no longer be
allowed to operate in California.


• After January 1, 2030, only locomotives less than 23 years may operate in California.
• Starting January 1, 2030 all Passenger, Switch and Industrial locomotives with original


engine build dates of 2030 or later must be zero-emission to operate in California.


85 CARB: 2005 Statewide Railyard Agreement <https://ww2.arb.ca.gov/resources/documents/2005-statewide-
railyard-agreement> accessed December 28, 2020. 



https://ww2.arb.ca.gov/resources/documents/2005-statewide-railyard-agreement

https://ww2.arb.ca.gov/resources/documents/2005-statewide-railyard-agreement
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• Starting January 1, 2035 all Line Haul locomotives with an engine build date of 2035 or
later must be zero-emission to operate in California.


Idling Limit: Reducing unnecessary idling. 


• Locomotives equipped with automatic engine stop/start systems are to idle no more than
30 minutes unless an exemption applies.


In addition to the development process for the Proposed 2022 State SIP Strategy, the measure 
as proposed by staff or adopted by the Board will be subject to a full public process. 


Estimated Emissions Reductions 


Emissions reductions for this category were developed using the 2021 line haul locomotive 
inventory, the 2017 short line inventory, the 2017 passenger locomotive inventory, and the 2022 
switcher and industrial and military locomotive inventories. The modeling included a spending 
account which accumulated funds from the locomotive companies based on the Tier and activity 
within California, then required spending funds on the cleanest available locomotives. In 2030, 
operational requirements restrict the use of locomotives age 23 and older, restricting them from 
operations in California. Zero emission locomotives would be phased in beginning in 2030 for all 
categories except line haul, with line haul following in 2035. Table 42 shows the estimated 
emissions benefits for this measure.  


Table 42 – In-Use Locomotive Regulation Emissions Reductions


Timing 


Proposed CARB Board hearing:  2023 
Proposed implementation begins: 2024 


Proposed SIP Commitment 


CARB staff proposes to commit to undertake investigation of a rule designed to achieve the 
NOx emissions reductions shown in Table 43 for the relevant nonattainment areas in the relevant 
years. Staff proposes to commit to bring a publicly noticed item before the Board by 2023 that is 
either a proposed rule, or is a recommendation that the Board direct staff to not to pursue a rule 
based on an explanation of why such a rule is unlikely to achieve the relevant emissions 
reductions in the relevant timeframe, and would include a demonstration that the overall 
aggregate commitment will be achieved despite that rule not being pursued.  If CARB staff 
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brings a proposed rule to the Board, and the Board adopts it, that rule may provide more or less 
emissions reductions than the amount shown. 
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Future Measures for Aviation Emissions Reductions 


Overview 


The primary goal of future measures for aviation is to reduce emissions from airport and aircraft 
related activities. The identified emission sources for the aviation sector are main aircraft 
engines, auxiliary power units (APU), and airport ground transportation. Controlling emission 
sources that are primarily regulated by the federal government is critical to protect public health 
and to achieve our clean air and climate targets. Despite the reductions achieved by existing 
federal programs, such as the Federal Aviation Administration’s (FAA) Continuous Lower Energy, 
Emissions and Noise (CLEEN) program, and National Aeronautics and Space Administration 
(NASA) programs; Advanced Air Vehicles Program, Integrated Aviation System Research 
Program, and the Environmentally Responsible Aviation Project, additional measures are needed 
to meet air quality and climate goals and obtain local health exposure reductions. While engine 
standards do exist at the federal and international level for new type and in-production aircraft 
engines, these standards do not reflect the current state of technology. As a result, emissions 
from the aviation sector have not decreased at the same pace as those for other mobile sources 
in California. In order to achieve the magnitude of emissions reductions necessary from this 
category, and due to the local, national and international nature of aircraft travel, strong action 
and advocacy is required at the federal and international level. 


At the State level, CARB has implemented regulations aimed at reducing on-ground emissions 
from airports and some local air districts have Memorandums of Understandings (MOUs) with 
airports to further reduce on-ground emissions. To support emissions reductions on the scale 
needed, CARB will continue to advocate and coordinate with local, district, State, and federal 
partners to promulgate measures and regulations to achieve reductions. 


Local air districts may also pursue indirect source rules for freight facilities that could result in 
reductions from this category. CARB staff is considering an indirect source rule suggested 
control measure to assist air districts.  


Background/Regulatory History 


• NOx emissions from aircraft are projected to grow significantly. In California, aircraft are
projected to make up 9.5 percent of mobile source NOx emissions in 2035, increasing
from 5.4 percent in 2020.86


• International Civil Aviation Organization (ICAO) is the United Nations body that sets and
adopts civil aviation standards and practices for its 193 national government members.
The Committee on Aviation Environmental Protection (CAEP) is a technical committee of
ICAO. CAEP assists ICAO with formulating new policies and adopting new standards and
recommended practices. The most recent standards adopted by ICAO are:87


86 2021_line_haul_locomotive_emission_inventory_final.pdf (ca.gov) https://ww2.arb.ca.gov/sites/default/files/2021-
02/2021_line_haul_locomotive_emission_inventory_final.pdf  


87 Committee on Aviation Environmental Protection (CAEP) (icao.int) 
www.icao.int/ENVIRONMENTAL-PROTECTION/Pages/CAEP.aspx  



https://ww2.arb.ca.gov/sites/default/files/2021-02/2021_line_haul_locomotive_emission_inventory_final.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-02/2021_line_haul_locomotive_emission_inventory_final.pdf

http://www.icao.int/ENVIRONMENTAL-PROTECTION/Pages/CAEP.aspx
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o CAEP/8: latest NOx standard adopted in 2011;
o CAEP/10: first CO2 standard adopted in 2017; and
o CAEP/11: first non-volatile PM mass and number standard adopted in 2019.


• U.S. EPA is required to set emission standards for any air pollutant emitted by aircraft that
may reasonably be anticipated to endanger public health or welfare.88 U.S. EPA is not
bound by ICAO standards and can adopt standards that are stricter than those set by
ICAO. EPA has historically adopted ICAO standards and has most recently adopted a
GHG emission standard and has proposed a PM emission standard for aircraft that are
both equivalent to the ICAO standards.


• FAA’s CLEEN program is a cost-sharing program aimed at accelerating the development
and commercialization of new certifiable aircraft technologies and sustainable aviation
fuels. The program has been successful in developing technologies relating to composite
airframe technologies, advanced wing technologies, advanced fan systems, and many
other technologies.89


• There are certified aircraft engines available that achieve NOx emissions below the
CAEP/8 standard and PM emissions below the latest CAEP/11 standard. Engine
manufacturers are also currently developing engines that achieve significant reductions
beyond the current standards. These new technology advances enable reductions in both
NOx and PM emissions and provide a pathway for achieving effective ways to reduce
harmful emissions.


• CARB implemented the In-Use Off-Road Diesel-Fueled Fleets Regulation, Large
Spark -Ignition Fleet Requirements Regulation, and the Zero-Emission Airport Shuttle
Regulation, all aimed at targeting airport related on-ground emissions. Current
regulations aim to reduce harmful emissions such as NOx, HC, GHGs, and PM among
others.


Proposed Action 


Due to U.S. EPA’s authority on setting emission standards, for this measure, CARB would 
strongly advocate for stricter emission regulations and highlight the need to reduce pollution to 
protect public health – this is discussed further in the Federal Actions portion of this document. 


CARB would also explore requiring all larger airports to perform a comprehensive and 
standardized emission inventory. An accurate emission inventory that reflects all on-ground and 
near-ground emissions would establish a baseline and enable verifiable and quantifiable future 
emissions reductions. Accurate on-going reporting would enable better emissions inventory 
development, technology assessment, and policy development, such as future regulatory and 
incentive programs.  


CARB would continue to assess technology development for the aviation sector. The purpose is 
to help inform and support CARB planning, regulatory, and voluntary incentive efforts. 


88  Clean Air Act sec. 231, 42 U.S.C. § 7571. 
89 FAA, CLEEN Phase I and II Projects, Feb. 27, 2020, available at 
https://www.faa.gov/about/office_org/headquarters_offices/apl/research/aircraft_technology/cleen  



https://www.faa.gov/about/office_org/headquarters_offices/apl/research/aircraft_technology/cleen
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Concurrently, CARB would support, track, and explore current, in-development, and future 
emission reduction technology advancements.  


CARB would evaluate federal, State, and local authority in setting operational efficiency 
practices to achieve emissions reductions. Operational practices include landing, takeoff, taxi, 
and running the APU, and contribute to on-ground and near-ground emissions. Near ground 
emissions are emissions between ground level up to 3,000 feet. Operational practices such as 
de-rated take-off90 and reduced power taxiing91 have the potential to achieve emissions 
reductions.  


CARB would similarly work with U.S. EPA, air districts, airports, and industry stakeholders in a 
collaborative effort to develop regulations, voluntary measures and incentive programs. CARB 
would evaluate the incentive amounts that would be required to encourage the voluntary use of 
the cleanest aircraft, engines, and fuels. Incentives to encourage the use of the cleanest aircraft, 
engines, and fuels in California would involve identification of funding sources and 
implementation mechanisms such as development of new programs. In addition to the 
development process for the Proposed 2022 State SIP Strategy, the measure or measures as 
proposed by staff or adopted by the Board will be subject to full public processes. 


Estimated Emissions Reductions 


While emissions reductions have not been identified at this time, CARB will quantify any 
emissions reductions from the proposed measures during the development process.  


Timing  


CARB is exploring authority, feasibility, and conducting advocacy: 2021-2027 


Proposed CARB Board hearing:  2027 
Proposed implementation schedule: 2029 


Proposed SIP Commitment 


CARB staff proposes to commit to engage in a public process and bring to the Board programs 
and policies or take other actions to implement this measure.  


90 G.S. Koudis et al., ‘‘Airport emissions reductions from reduced thrust takeoff operations,’’ 
Transportation Research Part D: Transport and Environment, 52, 15-28 (2017). 
91 Sustainable Aviation, ‘‘Aircraft on the Ground CO2 Reduction Programme,’’ UK’s Airport 
Operators Association. 
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Future Measures for Ocean-Going Vessel Emissions Reductions 


Overview 


The primary goal of future measures for OGVs is to further reduce emissions from OGVs that are 
transiting, maneuvering, or anchoring in Regulated California Waters (RCW) and while docking 
at berth in California seaports.92 California has two primary regulations currently in place to 
reduce emissions from OGVs: 1) the OGV Fuel Regulation, which was adopted in 2008 and 
requires all OGVs to use cleaner 0.1 percent sulfur distillate grade fuels while in RCW, and 2) the 
At Berth Regulation, which requires regulated vessels to connect to shore power or use an 
alternative emissions control technology to reduce emissions while docked at berth at regulated 
California seaports.93,94 The original At-Berth Regulation was adopted in 2007, and requires 
80 percent of regulated container, refrigerated cargo, and passenger cruise vessels to reduce 
emissions while berthed at regulated California seaports. The 2020 At Berth Regulation 
expansion extended emissions control requirements to auto carrier (also called “roll-on/roll-off” 
or “ro-ro”) and tanker vessels, as well as new seaports and marine terminals that receive these 
two vessel types, and requires all regulated vessel types to connect to shore power or a CARB 
approved emissions control strategy during every visit to a regulated marine terminal.95 


There are also existing voluntary incentive programs in place that encourage OGVs to reduce 
emissions, such as the Port of Los Angeles’ Environmental Ship Index Program, the Port of Long 
Beach’s Green Flag Incentive Program, and the various vessel speed reduction (VSR) zones that 
are in place off the Ports of Long Beach, Los Angeles, and San Diego, as well as in the Santa 
Barbara Channel and San Francisco Bay.  


Despite the reductions achieved by existing regulatory and incentive programs, additional 
measures are needed to achieve further emissions reductions from OGVs in order to protect 
public health and meet federal air quality standards. OGVs have diesel engines, which are 
significant emitters of PM and NOx. OGV emissions are concentrated near the ports and pose 
significant health risks to nearby communities. Due to the international nature of OGVs, 
advocacy and coordination with federal and international oversight and regulatory organizations 
are needed to achieve additional emissions reductions – this is discussed further in the Federal 
Actions portion of this document. 


Local air districts may also pursue indirect source rules for freight facilities that could result in 
reductions from this category. CARB staff is considering an indirect source rule suggested 
control measure to assist air districts.  


92 Regulated California Waters is defined as within 24 nautical miles of the California coast. 
93 Regulated container and refrigerated cargo fleets are any fleet making 25 or more visits to a regulated seaport, 
while regulated cruise fleets are any fleet making 5 or more visits to a regulated seaport. 
94 Under the 2007 At-Berth Regulation, six California seaports are subject to emissions control requirements: the 
Ports of Los Angeles, Long Beach, Oakland, San Francisco, San Diego, and Hueneme. 
95 Under the 2020 At Berth Regulation, any marine terminal receiving 20 or more visits from container, refrigerated 
cargo, cruise, ro-ro, or tanker vessels is subject to emission control requirements. 
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Background/Regulatory History 


• The majority of emissions from OGVs occur while vessels are in transit and operating their
large slow-speed marine engines, which are typically powered by heavy fuel oil (or
“bunker fuel”).96 CARB’s Vessel Clean Fuel Regulation requires OGVs to use 0.1 percent
sulfur distillate grade fuels (marine diesel oil/marine gas oil) for all OGVs sailing within
RCW to help reduce emissions from OGVs, namely sulfur oxide (SOx) emissions.


• OGV emissions (up to 100 nautical miles) are projected to account for 20 percent of
mobile source NOx emissions in 2037, up from 10 percent in 2017.97 


• Increased emissions are occurring from all modes of OGV operations (in transit,
maneuvering, anchoring, and at berth) because of increased import/export activity and
seaport congestion (which may be associated with a variety of factors, including the
global pandemic, increased purchasing by consumers, periodic labor disputes, tariff
changes, etc.).


• OGVs and emissions standards are largely regulated on an international level by the
International Maritime Organization (IMO), whose primary focus is reducing NOx and
GHG emissions from OGVs. IMO marine engine standards for OGVs regulate NOx
emissions only, with no PM standards in place. Tier I and II engine standards exist for any
vessel with a keel-laid date beginning on January 1, 2000, and January 1, 2011,
respectively. Stricter Tier III IMO marine engines, which achieve a significant reduction in
NOx emissions (around an 80 percent reduction from Tier II) are currently required for any
OGV with a keel-laid date of January 1, 2016, or later. However, due to the long lifespan
of OGVs and the fact that OGVs with keel laid dates after January 1, 2016, are only
required to have Tier III engines when sailing within Emission Control Areas (ECA),
turnover to Tier III engines is slow and not expected for most vessel categories until
2030+.98


• Significant reductions in SOx emissions from OGVs have been achieved through
implementation of the OGV Fuel Regulation and North American Emissions Control Area.
Reductions in NOx, PM, and GHGs have also been achieved through implementation of
the At Berth Regulation, however, additional reductions of these pollutants are needed,
particularly from OGVs in transit and anchoring near the California coast, in order to
achieve federal air quality standards and reduce health impacts from ultrafine diesel
particles in portside communities.


• Advocacy at the federal/international level for measures such as cleaner vessel engine
standards, cleaner fuels, and increased use of vessel speed reduction outside of RCW are
necessary to achieve further reductions from OGVs.


96 California Air Resources Board. Staff Report: Initial Statement of Reasons. October 15, 2019. 
https://ww2.arb.ca.gov/sites/default/files/classic/regact/2019/ogvatberth2019/isor.pdf  
97 California Air Resources Board. CARB’s Potential Future Measures for Reducing Emissions from OGVs. 2022 
AQMP Mobile Source Working Group. April 1, 2021. Retrieved from http://www.aqmd.gov/docs/default-
source/clean-air-plans/air-quality-management-plans/2022-air-quality-management-plan/ogv-presentations-
combined-04-01-21.pdf  
98 CARB. Appendix H - Update to Inventory for Ocean-Going Vessels At Berth: Methodology and Results. October 
9, 2019. Retrieved at https://ww2.arb.ca.gov/sites/default/files/classic/regact/2019/ogvatberth2019/apph.pdf  



https://ww2.arb.ca.gov/sites/default/files/classic/regact/2019/ogvatberth2019/isor.pdf

http://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2022-air-quality-management-plan/ogv-presentations-combined-04-01-21.pdf

http://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2022-air-quality-management-plan/ogv-presentations-combined-04-01-21.pdf

http://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2022-air-quality-management-plan/ogv-presentations-combined-04-01-21.pdf

https://ww2.arb.ca.gov/sites/default/files/classic/regact/2019/ogvatberth2019/apph.pdf
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• Cleaner marine fuels being explored include hydrogen, methanol, ammonia, and liquid
natural gas (LNG). There is no consensus within the maritime industry yet as to which
alternative fuel(s) might be best suited for OGV applications.


Proposed Action 


For this measure, CARB would pursue evaluating further regulatory actions to achieve additional 
reductions in NOx, PM, and GHG emissions from OGVs through the use of operational changes 
and new technologies currently in development, including advances in exhaust capture and 
control, mobile shore power connections, cleaner fuels (such as LNG, hydrogen, methanol, 
ammonia, etc.), alternative power sources (including batteries and fuel cells), as well as potential 
vessel side technologies (such as water-in-fuel emulsion). In pursuing regulatory measures, CARB 
would work with U.S. EPA, California air districts, seaports, and industry stakeholders in a 
collaborative effort to determine which measure would provide the most effective emissions 
reductions, as well as CARB’s ability to implement each potential measure. Advocacy at the 
federal and international levels are necessary to achieve additional emissions reductions from 
OGVs given the international nature of sea trade.  


Additionally, CARB staff have committed to assessing the potential feasibility of control 
technologies for use with bulk/general cargo vessels and vessels at anchor (which are not subject 
to emissions control requirements in the 2020 At Berth Regulation) as part of the 2020 At Berth 
Regulation’s Interim Evaluation. This evaluation will occur in 2021-2022, with a public report due 
to the Board by December 1, 2022.  


For incentive measures, CARB would similarly work with U.S. EPA, California air districts, 
seaports, and industry stakeholders in a collaborative effort to expand ongoing efforts already 
underway by air districts, such as the South Coast AQMD. Determining what amount of money 
would be required to encourage OGVs to voluntarily use cleaner engines/fuels, reduce emissions 
at anchor, or sail at slower speeds, would be key to supporting these efforts. Incentives to 
encourage ships using cleaner engines or fuels to visit California seaports would involve 
identification of funding sources and implementation mechanisms such as development of new 
programs or the enhancement of existing incentive programs, such as expanding existing VSR 
zones, developing a “Green Shipping Lane” to encourage incentives amongst multiple Pacific 
seaports, etc.  


Incentive or regulatory measures could be pursed to achieve further emissions reductions from 
OGVs, including: 


• Using cleaner engines or cleaner fuels than those required by U.S. EPA and the IMO;
• Reducing emissions while anchored within RCW;
• Sailing at slower speeds while in RCW; and
• Requiring bulk and general cargo vessels to reduce emissions while at berth.


In addition to the development process for the Proposed 2022 State SIP Strategy, the measure 
or measures as proposed by staff or adopted by the Board will be subject to full public 
processes. 
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Estimated Emissions Reductions 


While emissions reductions have not been identified at this time, CARB will quantify any 
emissions reductions from this measure during the measure development process. 


Timing  


Proposed CARB advocacy and development of future measures: 2021-2027 


Proposed CARB Board hearing:  2027 
Proposed implementation schedule: TBD 


Proposed SIP Commitment 


CARB staff proposes to commit to engage in a public process and bring to the Board programs 
and policies or take other actions to implement this measure.  
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2022 State SIP Strategy 


Federal Actions Needed 


The federal actions for primarily-federally and internationally regulated categories or 
subcategories include measures to control on-road heavy-duty vehicles, off-road equipment, 
aviation, locomotives, and oceangoing vessels.  


On-Road Heavy-Duty Vehicles 


Overview 


In the 2016 State SIP Strategy, CARB included a measure to petition for federal low-NOx 
standards that would apply to all new heavy-duty trucks sold nationwide. This would ensure that 
all trucks traveling within California would eventually be equipped with an engine meeting the 
lower NOx standard. Federal action is critical to implement this emission standard.  


In addition to the need for cleaner combustion engine standards, actions are also needed at the 
federal level to drive the introduction of zero-emission heavy-duty vehicles into the on-road fleet 
nation-wide. The goal of these proposed measures is to reduce emissions from combustion 
engine on-road heavy-duty trucks sold outside of California but operating within California. 


Background/Regulatory History 


Due to the preponderance of interstate trucking’s contribution to emissions in California, timely 
federal action to implement a national low-NOx engine standard is critical to provide the 
emissions reductions needed for attainment. The 2016 State SIP Strategy called for U.S. EPA to 
develop a national low-NOx standard. In June of 2016, the South Coast, San Joaquin Valley and 
Bay Area air districts and nine other state and local air control agencies formally petitioned 
U.S. EPA to adopt 0.02 g/bhp-hr NOx standards for medium- and heavy--duty truck engines 
nationally. U.S. EPA responded to those petitions on December 20, 2016, stating that they will 
initiate the work necessary to issue a Notice of Proposed Rulemaking for a new on-road 
heavy-duty NOx program, with the intention of proposing standards that could begin in model 
year 2024, consistent with the lead-time requirements of the Clean Air Act. In November 2018, 
U.S. EPA announced the national program, known as the Cleaner Trucks Initiative (CTI), and an 
Advanced Notice of Proposed Rulemaking was released on January 21, 2020.99 On 
August 5, 2021, U.S. EPA announced an update to CTI called the Clean Trucks Plan (CTP). CTP 
plans to reduce GHG and other harmful air pollutants from heavy-duty trucks through a series of 
rulemakings over the next three years. On March 28, 2022, U.S. EPA proposed the CTP100, but 
the proposed rule provides options that are less stringent than previously suggested by 
U.S. EPA and CARB’s Heavy-Duty Omnibus Regulation. CARB will advocate to align the federal 
CTP with CARB’s low-NOx Omnibus regulations to the maximum degree possible, given the 
need for deep emissions reductions and the benefits of consistency in this area given the 
multiple jurisdictions in which trucks are purchased and used.  


99 Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine Standards, 85 Fed. Reg. 3306 (Jan. 21, 
2020). https://www.govinfo.gov/content/pkg/FR-2020-01-21/pdf/2020-00542.pdf  
100 U.S. EPA proposed rulemaking on the CTP, EPA-HQ-OAR-2019-0055-0983_content.pdf 



https://www.epa.gov/regulations-emissions-vehicles-and-engines/cleaner-trucks-initiative

https://www.epa.gov/regulations-emissions-vehicles-and-engines/clean-trucks-plan
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Additionally, CARB is leading the nation on the development and penetration of on-road 
heavy-duty ZEVs by adopting the Advanced Clean Trucks Regulation in 2020. The Advanced 
Clean Trucks regulation requires medium- and heavy-duty manufacturers to sell ZEVs as an 
increasing portion of their annual sales beginning in 2024. Also, the Proposed 2022 State SIP 
Strategy proposes the Advanced Clean Fleets Regulation which requires fleets to incorporate 
ZEVs into their fleet in combination with the Advanced Clean Trucks regulation.  


1. On-Road Heavy-Duty Vehicle Low-NOx Engine Standards


Proposed Action 


In the 2016 State SIP Strategy, CARB outlined a petition for a federal low-NOx standards that 
apply to all new heavy-duty trucks sold nationwide starting in 2024 or later. This will ensure that 
all trucks traveling within California would eventually be equipped with an engine meeting the 
lower NOx standard. Federal action is critical to implement this emission standard, since 
emissions reductions from a California-only CARB regulation would come mostly from Class 4-6 
vehicles (as most Class 7 and 8 vehicles operating in California were originally purchased outside 
the State). 


Estimated Emissions Reductions 


The estimated emission benefits associated with the On-Road Heavy-Duty Vehicle Low-NOx 
Engine Standards are calculated with CARB’s motor vehicle emissions inventory model, 
EMFAC2017. The emissions benefits calculation assumes that Federal heavy-duty vehicles with 
engine model year 2027 and newer will meet the proposed Option 1 standards in U.S. EPA’s 
Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine and Vehicle Standards.101 
Table 43 shows the estimated emissions benefits for this measure.  


Table 43 – On-Road Heavy-Duty Vehicle Low-NOx Engine Standards (Federal Action) 
Estimated Emissions Reductions 


Timing 


U.S. EPA rulemaking date:  TBD; Proposed in 2022 
Proposed implementation begins: Proposed for 2027 


Proposed SIP Commitment 


Although the CTP proposal released in March 2022 provides options that are less stringent, 
U.S. EPA is moving forward with the federal CTP, and CARB staff proposes to commit to 
advocate to align the federal CTP with CARB’s low-NOx Omnibus regulations to the maximum 


101 Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine Standards, 85 Fed. Reg. 3306 (Jan. 21, 
2020). https://www.govinfo.gov/content/pkg/FR-2020-01-21/pdf/2020-00542.pdf  



https://www.govinfo.gov/content/pkg/FR-2020-01-21/pdf/2020-00542.pdf
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degree possible, given the need for deep emissions reductions and the benefits of consistency 
in this area given the multiple jurisdictions in which trucks are purchased and used. 


2. On-Road Heavy-Duty Vehicle Zero-Emission Requirements


Proposed Action 


CARB would petition and/or advocate to U.S. EPA for federal zero-emission on-road heavy-duty 
vehicle requirements, along with more stringent GHG standards for medium- and heavy-duty 
vehicles that would apply to new heavy-duty trucks sold nationwide. Additionally, CARB would 
advocate that U.S. EPA enable state leadership on zero-emission trucks by prioritizing federal 
grants toward zero-emission technology and their associated infrastructure. 


Estimated Emissions Reductions 


Emissions reductions from this potential federal action have not yet been quantified. 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA that it promulgate 
federal zero-emission on-road heavy-duty vehicle requirements, along with more stringent GHG 
standards for medium- and heavy-duty vehicles, to achieve the needed NOx emissions 
reductions for the South Coast in 2037. 
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2022 State SIP Strategy 


Preempted Off-Road Equipment 


Overview 


Off-road equipment regulated at the federal level also contributes significant ozone precursor 
emissions in California. The goal of more stringent standards would be to reduce NOx and PM 
emissions from new, off-road compression-ignition and spark-ignition engines by adopting more 
stringent exhaust standards for all power categories, including those that do not currently utilize 
exhaust aftertreatment such as diesel particulate filters (DPFs) and selective catalytic 
reduction (SCR). Included in the CARB measures is a proposed action for Tier 5 standards on 
State-regulated off-road equipment.  


Given the availability of zero-emission equipment in certain off-road sectors, zero-emissions 
requirements are also feasible and needed, as discussed in various CARB measures in the 
Off--Road Equipment portion of this document. Zero-emission technology is maturing and 
penetrating the off-road equipment categories, and federal zero-emission standards for off-road 
equipment would provide a clear path for zero-emission technology to continue maturing.  


Background/Regulatory History 


The off-road category includes spark-ignition engines that mostly operate on gasoline and 
alternative fuels, as well as compression-ignition engines which operate on diesel fuel. 
Spark--ignition engines include small off-road engines (SORE) and large spark-ignition engines 
(LSI). The SORE category includes lawn, garden, and small industrial equipment that are less 
than or equal to 19 kilowatts (kW). The LSI engine category includes engines greater than 19 kW 
that are used in forklifts, portable generators, large turf care equipment, airport ground support 
equipment, and general industrial equipment. Compression--ignition engines are used in 
off-road equipment including tractors, excavators, bulldozers, graders, and backhoes. As of 
model year 2020, more than half of all new off-road compression-ignition engine families 
continue to be certified in California to the Tier 4 final emission standards without DPFs. This 
means that the majority of new off-road compression--ignition engines are not reducing toxic 
diesel PM to the greatest extent feasible using the best available control technology because 
the current standards are insufficient. The standards considered for a national Tier 5 
compression-ignition measure would be more stringent than required by current U.S. EPA and 
European Stage V nonroad regulations and more stringent spark-ignition standard for 
preempted engines would require the use of best available control technologies for both PM 
and NOx, while encouraging transitions to zero--emission equipment where feasible. 


CARB continues to lead the nation in the development and penetration of ZEVs and equipment 
including the Proposed 2022 State SIP Strategy proposed Off-Road Zero--Emission Targeted 
Manufacturer Rule. A national off-road equipment zero-emission standard would provide the 
market direction manufacturers need to increase the penetration of zero-emission off-road 
equipment.  


Zero-emission off-road equipment has been consistently and successfully manufactured in a 
number of equipment categories (e.g., forklifts, man lifts, etc.) for decades, with wide fleet 
adoption taking place without mandates that required such equipment to be produced or 
purchased. For next-generation zero-emission off-road equipment, CARB and other air quality 
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agencies have funded numerous successful demonstration and pilot projects, as well as 
commercial-launch voucher incentive programs, like the Clean Off-Road Equipment Voucher 
Incentive Project, and SIP creditable emission-reduction programs, like the Carl Moyer Program. 
Studies have been performed to identify the off-road equipment types and engine horsepower 
ranges that have greater potential to be zero-emission powered. Although more analysis is 
necessary, existing information suggests that zero-emission technology may be feasible in many 
applications in which zero-emission technology has not yet achieved meaningful penetration 
today. These studies have also identified potential electric powertrains and corresponding 
energy storage systems that could be used to replace existing internal combustion engines in 
said equipment types. 


California is dependent on the U.S. EPA to regulate the emissions from farm and construction 
equipment under 175 horsepower because only U.S. EPA has the authority to set emission 
standards for this equipment under the Clean Air Act. These preempted equipment are 
responsible for approximately 30 percent of the NOx emissions inventory in California. Federal 
action is necessary to address preempted equipment by adopting standards similar in stringency 
to those proposed in the measure to achieve attainment with both federal and State ambient air 
quality standards. 


1. More Stringent Emission Standards for Preempted Off-Road Engines


Proposed Action 


CARB would petition and/or advocate to U.S. EPA to promulgate off-road equipment Tier 5 
compression-ignition standards and new spark-ignition standards for preempted engines, akin to 
those that CARB is pursuing for equipment under State authority to prevent the availability of 
equipment meeting a less stringent standard.  


Estimated Emissions Reductions 


Similar to non-preempted engines, the estimated emission benefits associated with the Federal 
Tier 5 measure were calculated using CARB’s off-road emissions inventory model, 
OFFROAD2017,102 assuming 90 percent NOx reductions and 75 percent PM reductions from the 
Tier 4 standards for new engines within the 56 kW to 560 kW power categories, and up to 
75 percent NOx and PM reductions for new engines less than 56 kW. Engines greater than 
560 kW were modeled using a 50 percent reduction for both NOx and PM. For the federal 
measures, these reductions were applied to construction and agricultural equipment under 
175 horsepower, beginning in 2028. Table 44 shows the estimated emissions benefits for this 
measure.  


102 OFFROAD2017 contains estimates from the 2011 In-use Off-road Inventory. 
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Table 44 – More Stringent Emission Standards for Preempted Off-Road Engines (Federal 
Action) Estimated Emissions Reductions 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA that it promulgate 
these standards to achieve the needed NOx emissions reductions for the South Coast in 2037. 


2. Off-Road Equipment Zero-Emission Standards Where Feasible


Proposed Action 


CARB would petition and/or advocate to U.S. EPA to require zero-emission standards for 
off-road equipment where the technology is feasible. Zero-emission technology is maturing and 
penetrating the off-road equipment categories, and federal zero-emission standards for off-road 
equipment would provide a clear path for zero-emission technology to continue maturing. 


Estimated Emissions Reductions 


The estimated emission benefits associated with the Federal Off-Road Equipment Zero-Emission 
Standards Where Feasible measure were calculated using CARB’s off-road emissions inventory 
model, OFFROAD2017,103 assuming NOx reductions from zero-emission standards for off-road 
equipment where the technology is feasible. Table 45 shows the estimated emissions benefits 
for this measure. 


Table 45 – Off-Road Equipment Zero-Emission Standards Where Feasible (Federal Action) 
Estimated Emissions Reductions 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA that it promulgate 
these standards to achieve the needed NOx emissions reductions for the South Coast in 2037. 


103 OFFROAD2017 contains estimates from the 2011 In-use Off-road Inventory. 
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2022 State SIP Strategy 


Aviation 


Overview 


Controlling emission sources that are primarily regulated by the federal government is critical to 
protect public health and to achieve our clean air and climate targets. Despite the reductions 
achieved by existing federal programs, additional measures are needed to meet climate and air 
quality goals and obtain local health exposure reductions. While engine standards and 
requirements do exist at the federal and international level for aircraft, these standards and 
requirements do not reflect the current state of technology. As a result, emissions from the 
aviation sector have not decreased at the same pace as those for other mobile sources in 
California. To achieve the magnitude of emissions reductions necessary from this category, and 
due to the local, national and international nature of aircraft travel, strong action and advocacy is 
required at the federal and international level.  


There are a variety of actions that could be taken by U.S. EPA, FAA, and ICAO to drive 
reductions in the aviation sector including setting more stringent emissions standards, requiring 
zero-emission on-ground operation, requiring cleaner fuel and aircraft visits, and setting aircraft 
emissions caps at California airports.  The primary goal for a more stringent aviation engine 
standard is to reduce emissions from aircraft operating in California. In addition to needing more 
stringent engine standards, there are other mechanisms by which regulatory entities could 
require emissions reductions from aircraft in California. This includes cleaner fuel and visit 
requirements and zero-emission on-ground operation requirements to also reduce emissions 
from aircrafts operating in California. Finally, an airport aviation emissions cap is a potential 
additional strategy to reduce emissions from all aircraft activities in California through regulation 
that is potentially more flexible for regulated entities. Controlling emission sources that are 
primarily regulated by the federal government is critical to protect public health and to achieve 
our clean air and climate targets.  


Background/Regulatory History 


In California, aircraft are projected to make up 9.5 percent of mobile source NOx emissions in 
2035, increasing from 5.4 percent in 2020.104 ICAO is the United Nations body that sets and 
adopts civil aviation standards and practices for its 193 national government members. The 
Committee on Aviation Environmental Protection (CAEP) is a technical committee of ICAO. 
CAEP assists ICAO with formulating new policies and adopting new standards and 
recommended practices.  


The most recent standards adopted by ICAO are:105 


• CAEP/8: latest NOx standard adopted in 2011;
• CAEP/10: first CO2 standard adopted in 2017; and


104 2021_line_haul_locomotive_emission_inventory_final.pdf (ca.gov) 
ww2.arb.ca.gov/sites/default/files/2021-02/2021_line_haul_locomotive_emission_inventory_final.pdf 
105 Committee on Aviation Environmental Protection (CAEP) (icao.int) 
www.icao.int/ENVIRONMENTAL-PROTECTION/Pages/CAEP.aspx  



http://www.icao.int/ENVIRONMENTAL-PROTECTION/Pages/CAEP.aspx
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• CAEP/11: first non-volatile PM mass and number standard adopted in 2019.


There are certified aircraft engines available that achieve NOx emissions below the latest 
CAEP/8 standard, and engine manufacturers are also currently developing engines that achieve 
significant reductions beyond the current standards.  


U.S. EPA is required to set emission standards for any air pollutant emitted by aircraft that may 
reasonably be anticipated to endanger public health or welfare.106 U.S. EPA is not bound by 
ICAO standards and can adopt standards that are stricter than those set by ICAO. U.S. EPA has 
historically adopted ICAO standards and has most recently adopted a GHG emission standard 
and has proposed a PM emission standard for aircraft that are both equivalent to the ICAO 
standards.  


In addition to establishing a new engine standard for aircraft, U.S. EPA could proceed separate 
from the ICAO to also set cleaner fuel and engine requirements for aircraft visiting California.  
There is now an opportunity for U.S. EPA to be technology forcing, recognizing the need for 
tighter standards to help states meet federal air quality mandates.  


The on-ground operations at airports present additional emissions reductions opportunities for 
aviation. Typical aircraft include an auxiliary power unit (APU) which is a small turbine engine that 
starts the aircraft main engines and powers the electrical systems on the aircraft when the main 
engines are off. Requirements for switching to on-board rechargeable batteries instead of the 
APU as the primary power supply when the main engines are not being used would reduce the 
usage of the gas turbine APU and hence overall aircraft emissions. Taxiing is another on-ground 
operation where emissions can be reduced through reduced main engine power during taxiing, 
improved taxi-time, and the use of new technologies. For example, some airports are employing 
semi-robotic aircraft tractors during aircraft pushback operations to tow the aircraft with the 
engines stopped, thus eliminating emissions from the main engines.  


U.S. EPA has the authority to regulate aircraft and their operations and reduce the associated 
emissions. Further, in 1994, U.S. EPA developed a Federal Implementation Plan (FIP) for the 
South Coast that included strategies U.S. EPA would pursue to support attainment of the 1-hour 
ozone standard. As an alternative to the strategies identified above, the FIP included an aviation 
strategy requiring airports to achieve a similar level of NOx and ROG reductions from all airport 
operations as was required under the stationary cap rules for the South Coast.  


1. More Stringent Aviation Engine Standards


Proposed Action 


CARB would petition and/or advocate to U.S. EPA for more stringent criteria and GHG 
standards for aircraft engines. With innovative research and advanced optimization of engine 
design, it has been demonstrated that NOx emissions can be further reduced beyond the 
CAEP/8 standards. For example, under the FAA’s Continuous Lower Energy, Emissions, and 
Noise Phase II (CLEEN II) Program, FAA awarded five-year agreements to a variety of companies 
to accelerate the development of new aircraft and engine technologies. The goal of the program 


106  Clean Air Act sec. 231, 42 U.S.C. § 7571. 
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is to achieve 70 percent NOx and 40 percent fuel burn reduction below the CAEP/8 standards. 
In 2016, GE’s Twin Annular Premixing Swirler (TAPS) II combustor matured under CLEEN I and 
entered into service as part of CFM International’s TAPS Leading Edge Aviation Propulsion 
(LEAP) engine, currently onboard Airbus 320neo, Boeing 737 MAX, and COMAC C919 aircraft. 
Under CLEEN I, GE engine emissions tests of TAPS II had results that were more than 60 percent 
below the 2004 ICAO CAEP NOx standards. The FAA anticipates that more of these 
technologies could go into service in the next several years.107 


Estimated Emissions Reductions 


Emissions reductions from this potential federal action have not yet been quantified. 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA that it promulgate 
these standards to achieve the needed NOx emissions reductions for the South Coast in 2037. 


2. Cleaner Fuel and Visit Requirements for Aviation


Proposed Action 


CARB would petition and/or advocate to U.S. EPA to require aircraft to use cleaner fuels when 
traveling through California, and to require visits from cleaner aircraft.  Using the aircraft engine 
certification data manufacturers report to ICAO, CARB staff has identified the Airbus 320-NEO 
and Airbus 319-100 Series as the cleanest options for NOx emissions among aircraft commonly 
visiting California, with NOx emissions 40 percent below the weighted-average aircraft visit.   


Additionally, a recent study conducted at the Bay Area’s three largest airports showed that a jet 
fuel blend made with 50 percent of Sustainable Aviation Fuels (SAF) reduced PM emissions by 
65 percent. Note that this is certified jet fuel being used in an existing and commercially 
available aircraft, and would not require technology advancement or development, but is simply 
using the cleanest available option already available. 


If the average aircraft visit to California was replaced with the Airbus A320-NEO (or similar) using 
a SAF blend fuel, the state would achieve a 40 percent NOx reduction, 54 percent PM 
reduction, and up to a 45 percent reduction in fuel. The table below shows the emissions 
benefits that could be achieved if this level of reduction is achieved for all commercial aircraft 
flights in California by 2037.  Note that these reductions account for benefits of commercial jet 
aircraft on take-off, landing, approach, and taxiing only, as flight operations over 3000 feet are 
not included in the state emission inventory (but are accounted for by U.S. EPA). 


107 https://www.faa.gov/about/office_org/headquarters_offices/apl/research/aircraft_technology/ 



https://www.faa.gov/about/office_org/headquarters_offices/apl/research/aircraft_technology/
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Commercial jet aircraft make up slightly less than three quarters of the statewide NOx from 
aircraft in 2022, as shown below in Figure 19.  


Figure 19 – Statewide NOx Emissions from Aircraft by Type in 2022108 


Estimated Emissions Reductions 


The emissions reductions were calculated based on the current aviation emissions in 
CEPAM2022, which are submitted by individual air districts for the airports within their 
jurisdiction. Reductions were calculated by reviewing the model of aircraft visits to California 
using FAA data, then replacing all visits with the aircraft that is certified with the lowest NOx 
emissions. Then a reduction factor for the use of sustainable aviation fuel was applied, simulating 
replacing all visits with the lowest-NOx aircraft using a 50 percent sustainable aviation fuel 
blend. Table 46 shows the estimated emissions benefits for this measure.  


Table 46 – Cleaner Fuel and Visit Requirements for Aviation (Federal Action) Estimated 
Emissions Reductions 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


108 Source: CARB 2022 CEPAM v1.01; represents the current baseline emissions with adopted CARB and district 
measures 
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Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA that it promulgate 
these requirements to achieve the needed NOx emissions reductions for the South Coast in 
2037. 


3. Zero-Emission On-Ground Operation Requirements at Airports


Proposed Action 


CARB would petition and/or advocate to U.S. EPA to require zero-emission on-ground operation 
at California airports. 


Estimated Emissions Reductions 


Emissions reductions from this potential federal action have not yet been quantified. 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA that it promulgate 
these requirements to achieve the needed NOx emissions reductions for the South Coast in 
2037. 


4. Airport Aviation Emissions Cap


Proposed Action 


In addition to the three proposed aviation actions above, CARB would petition and/or advocate 
to appropriate agencies, including the U.S. EPA for additional actions to control emissions from 
aviation, such as requiring an aviation emissions cap at each California airport. This emissions cap 
would set an emissions level for all aircraft activities related to the airports preventing emissions 
to increase with airport growth and reduce existing emissions by replacing airport activities with 
cleaner combustion and zero-emission technologies. These additional reductions could 
potentially also be achieved through incentivized turnover of aircraft or upgrades to cleaner 
engines, or other available regulatory mechanisms.  


Estimated Emissions Reductions 


The emissions reductions were calculated based on the current aviation emissions in 
CEPAM2022, which are submitted by individual air districts for the airports within their 
jurisdiction. This emissions cap would set an emissions level for all aircraft activities related to the 
airports preventing emissions to increase with airport growth and reduce existing emissions by 
replacing airport activities with cleaner combustion and zero-emission technologies. Table 47 
shows the estimated emission benefits for this measure. 
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Table 47 – Airport Aviation Emissions Cap (Federal Action) Estimated Emissions Reductions 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA that it promulgate 
these requirements to achieve the needed NOx emissions reductions for the South Coast in 
2037.  
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2022 State SIP Strategy 


Locomotives 


Overview 


In the 2016 State SIP Strategy, CARB included a measure to petition for more stringent national 
locomotive emission standards. The goal of a more stringent national locomotive emission 
standard is to reduce emissions from locomotives to meet air quality and climate change goals. 
On April 13, 2017, CARB petitioned U.S. EPA to promulgate both Tier 5 national emission 
standards for newly manufactured locomotives, and more stringent national requirements for 
remanufactured locomotives, to reduce criteria and toxic pollutants, fuel consumption, and GHG 
emissions.  


Locomotive switchers, or switchers, move railcars and sections of trains in and around railyards 
and account for about 10 percent of freight diesel use. The 2017 petition to U.S. EPA included a 
proposed standard for zero-emission technology for use in certain overburdened areas and 
communities near railyards, but zero-emission technology is now feasible for additional 
locomotive applications and geographical areas.  


Further, federal rules currently define remanufactured locomotives as “new” when they are 
remanufactured, and do not set limits on how often locomotives can be remanufactured. The 
result is continued remanufacturing of old and polluting locomotives to the same pollution tier 
standards, and persistent pollution from these sources. It is imperative that U.S. EPA remove this 
regulatory provision in order to ensure emissions reductions as locomotives require updating 
over time. 


Background/Regulatory History 


Under the Clean Air Act, U.S. EPA has the sole authority to establish emissions standards for 
new locomotives. (42 United States Code (U.S.C.) §7547, (a)(5)) By regulation, U.S. EPA has 
defined “new” locomotives to include both those newly manufactured and those existing 
locomotives that are remanufactured or rebuilt. U.S. EPA has previously promulgated two sets of 
national locomotive emission regulations (1998 and 2008). In 1998, U.S. EPA approved national 
regulations that primarily emphasized NOx reductions through Tier 0, 1, and 2 emission 
standards. Tier 2 NOx emission standards reduced older uncontrolled locomotive NOx 
emissions by up to 60 percent, from 13.2 to 5.5 g/bhp-hr. 


In 2008, U.S. EPA approved a second set of national locomotive regulations. Older locomotives, 
upon remanufacture, are required to meet more stringent particulate matter (PM) emission 
standards, which are about 50 percent cleaner than Tier 0-2 PM emission standards. U.S. EPA 
refers to the PM locomotive remanufacture emission standards as Tier 0+, Tier 1+, and Tier 2+. 
The new Tier 3 PM emission standard (0.1 g/bhp-hr), for model years 2012-2014, is the same as 
the Tier 2+ remanufacture PM emission standard. The 2008 regulations also included new Tier 4 
(2015 and later model years) locomotive NOx and PM emission standards. U.S. EPA Tier 4 NOx 
and PM emission standards further reduced emissions by approximately 90 percent from 
uncontrolled levels. 


In the 2016 State SIP Strategy, CARB included a measure to petition for more stringent national 
locomotive emission standards and, in 2017, CARB petitioned U.S. EPA to promulgate a Tier 5 



https://ww2.arb.ca.gov/resources/documents/petition-rulemaking-seeking-amendment-locomotive-emission-standards

https://ww2.arb.ca.gov/resources/documents/petition-rulemaking-seeking-amendment-locomotive-emission-standards

https://ww2.arb.ca.gov/resources/documents/petition-rulemaking-seeking-amendment-locomotive-emission-standards
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standard. The proposed standard would include the first-ever zero-emission capability using 
on-board batteries to support zero-emission rail operation in sensitive areas, as well as cut fuel 
consumption and GHG emissions. As of July 2022, U.S. EPA has taken no action on this petition. 


1. More Stringent National Locomotive Emission Standards


Proposed Action 


In the 2016 State SIP Strategy, CARB outlined a petition for new national locomotive emission 
standards for significant additional reductions in criteria and toxic pollutants, and GHG emissions 
from existing and future locomotives. 


This measure describes the emissions levels that CARB staff believes would be achievable with a 
new generation of national emissions standards for locomotives, including both newly 
manufactured and remanufactured units. The description focuses on technology that could be 
employed to reach the lower emission levels to address local, regional, and global air pollution 
concerns in California, and in other states with high levels of railyard activity or rail traffic 


Estimated Emissions Reductions 


Emissions reductions from this potential federal action have not yet been quantified. 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


Proposed SIP Commitment 


CARB is waiting for U.S. EPA to act on the petition to promulgate both Tier 5 national emission 
standards for newly manufactured locomotives, and more stringent national requirements for 
remanufactured locomotives. 


2. Zero-Emission Standards for Locomotives


Proposed Action 


For this measure, CARB would petition and/or advocate to U.S. EPA to promulgate national 
zero-emission standards for locomotives to reduce criteria and toxic pollutants, fuel 
consumption, and GHG emissions. 


Estimated Emissions Reductions 


Emissions reductions from this potential federal action have not yet been quantified. 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 
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Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA that it promulgate 
these standards achieve the needed NOx emissions reductions for the South Coast in 2037. 


3. Address Unlimited Locomotive Remanufacturing


Proposed Action 


For this measure, CARB would petition and/or advocate to U.S. EPA to address the regulatory 
provisions that allows continued remanufacturing of old and polluting locomotives to the same 
pollution tier standards, and persistent pollution from these sources. 


Estimated Emissions Reductions 


Emissions reductions from this potential federal action have not yet been quantified. 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA that it promulgate a 
rule to address the regulatory provisions that allow continued remanufacturing of old and 
polluting locomotives to the same pollution tier standards, and achieve the needed NOx 
emissions reductions for the South Coast in 2037. 
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Ocean-Going Vessels 


Overview 


Emissions from main engines and auxiliary engines of ocean-going vessels (OGVs) during transit, 
anchorage, and maneuvering must be addressed in order to achieve the NOx reductions 
needed to meet air quality standards. Currently, very few vessels with Tier 3 main engines visit 
California ports.  


To the maximum extent possible, all Tier 0, Tier 1, and Tier 2 vessel visits should be replaced 
with visits made by Tier 3 or cleaner vessels. Biofuels, renewable hydrogen and other 
hydrogen-derived fuels such as ammonia, methanol, batteries and fuel cells are being 
considered as potential fuel choices for vessels. All options need to be considered to achieve 
the needed emissions reductions.  


Background/Regulatory History 


OGVs and emissions standards are largely regulated on an international level by the IMO, whose 
primary focus is reducing NOx and GHG emissions from OGVs. IMO marine engine standards 
for OGVs regulate NOx emissions only, with no PM standards in place. Tier I and II engine 
standards exist for any vessel with a keel-laid date of January 1, 2000, and January 1, 2011, 
respectively. Stricter Tier III IMO marine engines, which achieve a significant reduction in NOx 
emissions (around an 80 percent reduction from Tier II) are currently required for any OGV with a 
keel-laid date of January 1, 2016, or later. However, due to the long lifespan of OGVs and the 
fact that OGVs with keel laid dates after January 1, 2016, are only required to have Tier III 
engines when sailing within Emission Control Areas (ECA), turnover to Tier III engines is slow and 
not expected for most vessel categories until 2030+.109  


The majority of emissions from OGVs occur while vessels are in transit and operating their large 
slow-speed marine engines, which are typically powered by heavy fuel oil (or “bunker fuel”).110 
CARB’s Vessel Clean Fuel Regulation requires OGVs to use 0.1 percent sulfur distillate grade 
fuels (marine diesel oil/marine gas oil) for all OGVs sailing within RCW to help reduce emissions 
from OGVs, namely SOx emissions. 


OGV emissions (up to 100 nautical miles) are projected to contribute 20 percent of mobile 
source NOx emissions in 2037, up from 10 percent in 2017.111 Increased emissions are occurring 
from all modes of OGV operations (in transit, maneuvering, anchoring, and at berth) because of 


109 CARB. Appendix H - Update to Inventory for Ocean-Going Vessels At Berth: Methodology and Results. October 
9, 2019. Retrieved at https://ww2.arb.ca.gov/sites/default/files/classic/regact/2019/ogvatberth2019/apph.pdf  
110 California Air Resources Board. Staff Report: Initial Statement of Reasons. October 15, 2019. 
https://ww2.arb.ca.gov/sites/default/files/classic/regact/2019/ogvatberth2019/isor.pdf  
111 California Air Resources Board. CARB’s Potential Future Measures for Reducing Emissions from OGVs. 2022 
AQMP Mobile Source Working Group. April 1, 2021. Retrieved from http://www.aqmd.gov/docs/default-
source/clean-air-plans/air-quality-management-plans/2022-air-quality-management-plan/ogv-presentations-
combined-04-01-21.pdf  



https://ww2.arb.ca.gov/sites/default/files/classic/regact/2019/ogvatberth2019/apph.pdf

https://ww2.arb.ca.gov/sites/default/files/classic/regact/2019/ogvatberth2019/isor.pdf

http://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2022-air-quality-management-plan/ogv-presentations-combined-04-01-21.pdf

http://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2022-air-quality-management-plan/ogv-presentations-combined-04-01-21.pdf

http://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2022-air-quality-management-plan/ogv-presentations-combined-04-01-21.pdf





2022 State SIP Strategy September 22, 2022 


137 


increased import/export activity and seaport congestion (which may be associated with a variety 
of factors, including the global pandemic, periodic labor disputes, tariff changes, etc.). 


Significant reductions in SOx emissions from OGVs have been achieved through implementation 
of the Vessel Clean Fuel Regulation and North American ECA. Reductions in NOx, PM, and 
GHGs have also been achieved through the implementation of the At Berth Regulation, 
however, additional reductions of these pollutants are needed, particularly from OGVs in transit 
and anchoring near the California coast, to achieve federal air quality standards and reduce 
health impacts from ultrafine diesel particles in portside communities. 


Advocacy at the federal/international level for measures such as cleaner vessel engine standards, 
cleaner fuels, and increased use of vessel speed reduction outside of RCW may be necessary to 
achieve further reductions from OGVs. For cleaner fuel and vessel engine visit requirements to 
California, U.S. EPA has authority to set these requirements. Advocacy at the 
federal/international level for measures such as cleaner vessel engine standards, cleaner fuels, 
and increased use of vessel speed reduction outside of RCW may be necessary to achieve 
further reductions from OGVs. Cleaner marine fuels being explored include hydrogen, methanol, 
ammonia, and liquid natural gas (LNG). There is no consensus within the maritime industry yet as 
to which alternative fuel(s) might be best suited for OGV applications. 


As mentioned earlier, port congestion has led to an abnormally high number of container vessels 
at anchor, as many as 109 vessels as of October 2021,112 which use auxiliary engines 
continuously to provide power for shipboard functions. This has led to emissions increases from 
ocean-going vessels which can negatively impact air quality, especially in communities near 
ports. According to CARB estimates, as of October 2021, the increased congestion has resulted 
in overall containership emissions increases of 20 tpd of NOx and 0.5 tpd of PM in the South 
Coast relative to average pre-pandemic baseline levels. These dramatic increases in emissions 
serve as an example of the importance of federal action to control emissions from ocean-going 
vessels. 


1. More Stringent NOx and PM Standards for Ocean-Going Vessels


Proposed Action 


Emissions from main engines and auxiliary engines of OGVs during transit, anchorage, and 
maneuvering must be addressed in order to achieve NOx reductions needed to meet air quality 
standards in California. Currently, very few vessels with Tier 3 main engines visit California ports, 
even though the Tier 3 engine standard applied to new marine engines beginning in 2016. Tier 2 
vessels emit three times higher NOx than Tier 3 vessels; thus, phasing out of older Tier 5 vessels 
is key to reducing criteria and toxics emissions from OGVs.  


CARB would petition and/or advocate to U.S. EPA and IMO for cleaner marine standards. While 
marine Tier 3 is considerably cleaner than Tier 2, the Tier 3 NOx standard is still 5 to 10 times 
higher than the standards for other diesel equipment sectors, and does not include a PM 
standard. CARB will work with U.S. EPA, U.S. Coast Guard, and other partners to urge IMO to 


112 Marine Exchange of Southern California, https://mxsocal.org/ 



https://mxsocal.org/
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adopt more stringent Tier 4 marine standard and establish efficiency requirements for existing 
vessels. 


Estimated Emissions Reductions 


The emissions reductions associated with the More Stringent NOx and PM Standards for 
Ocean-Going Vessels were calculated using the 2021 OGV inventory, and AIS based model 
developed to calculate and forecast emissions from all vessels that enter within 100 nautical 
miles of the California shore. The emission benefits were calculated by requiring more stringent 
Tier 4 marine standard and established efficiency requirements for existing vessels. Table 48 
shows the estimated emissions benefits for this measure. 


Table 48 – More Stringent NOx and PM Standards for Ocean-Going Vessels 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA and/or IMO that it 
promulgate more stringent standards to achieve the needed NOx emissions reductions for the 
South Coast in 2037. 


2. Cleaner Fuel and Vessel Requirements for Ocean-Going Vessels


Proposed Action 


To the maximum extent possible all Tier 0, Tier 1, and Tier 2 vessel visits should be replaced with 
visits made by Tier 3 or cleaner vessels. Current Tier 3 vessel manufacturing data suggest that 
there may not be sufficient Tier 3 vessels to satisfy all vessel visits to the State, even if California 
were to receive a large majority of the worldwide Tier 3 vessels. However, these reductions may 
be achieved by incentivizing visits from Tier 2 vessels that have been retrofit to reduce NOx 
emissions. Some of the current retrofit technologies for marine engines include exhaust gas 
recirculation (EGR) and SCR, which both have potential to reduce emissions by up to 80 percent. 
It is possible that Tier 3 and retrofit strategies may not achieve full potential benefits when 
operating or maneuvering at lower loads in the vicinity of seaports in Regulated California 
Waters.  Therefore, other strategies such as water-in-fuel emulsion, biofuels, renewable 
hydrogen and other hydrogen-derived fuels such as ammonia, methanol, batteries and fuel cells 
are being considered as potential or complementary fuel choices for vessels to achieve 
maximum emissions reductions. All options need to be considered to achieve the needed 
emissions reductions. CARB would petition and/or advocate to U.S. EPA to require vessels to 
use cleaner fuels and visits from cleaner OGVs. 
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Estimated Emissions Reductions 


The emissions reductions associated with the Cleaner Fuel and Vessel Requirements for 
Ocean-Going Vessels were calculated using the 2021 OGV inventory, and AIS based model 
developed to calculate and forecast emissions from all vessels that enter within 100 nautical 
miles of the California shore. The emission benefits were calculated by replacing all visiting 
vessels with the cleanest options available, a Tier 3 marine engine by 2037. In each year starting 
in 2028 through 2037, 10 percent of vessels that would not already be naturally turned over to 
Tier 3 by 2037 would meet Tier 3 standards (or achieve a similar percent reduction in emissions), 
including their main engines, auxiliary engines, and boilers. Table 49 shows the estimated 
emissions benefits for this measure. 


Table 49 – Cleaner Fuel and Vessel Requirements for Ocean-Going Vessels (Federal Action) 
Estimated Emissions Reductions 


Timing 


U.S. EPA rulemaking date:  TBD 
Proposed implementation begins: TBD 


Proposed SIP Commitment 


CARB staff proposes to commit to petition and/or advocate to U.S. EPA that it promulgate 
these requirements to achieve the NOx emissions reductions shown in Table 50 for the South 
Coast in 2037. 
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2022 State SIP Strategy 


Chapter 6: Incentives 


While regulatory mechanisms will achieve most of the necessary emissions reductions, incentives 
will continue to be critical to achieving near- and long-term air quality goals in California. The 
rate of natural vehicle fleet turnover will not be sufficient to meet air quality goals and incentives 
accelerate the deployment of cleaner technologies. Moving forward, a sweeping transformation 
of the mobile sector will be needed to meet ambient air quality standards, in addition to 
reducing near-term risk in our most disadvantaged communities, and meeting climate targets. 
Since release of the 2016 State SIP Strategy, the Legislature has identified and appropriated 
significant amounts of funding to a variety of CARB’s incentive programs. As the State moves 
forward, it is important to recognize that significant continued public and private investment will 
be necessary in order to reach the levels of cleaner technology needed in the specified 
timeframes. 


While regulations take considerable time to develop, and lead-time and transition periods are 
necessary for industry to feasibly comply with those regulations, significant emissions reductions 
are nonetheless needed from mobile sources in California over the next 5, 10, and 30 years. In 
recent years, the Board has repeatedly directed staff to pull forward regulatory deadlines where 
feasible to reduce emissions earlier than previously planned. To the extent possible, CARB will 
continue to explore areas where it may be possible to achieve emissions reductions earlier than 
currently scheduled in a developing regulation or by amending an existing regulation.  


As part of his 2022-23 State Budget, the Governor has proposed $6.1 billion over five years to 
accelerate the transition of the transportation sector to ZEVs, with a focus on the communities 
most impacted by pollution. This builds on the $3.9 billion multi-year commitment to ZEV 
acceleration in the 2021 Budget Act, for a total investment to $10 billion over six years to 
decarbonize California’s most polluting sector and improve public health. In the May revise, the 
Governor proposed accelerating almost $2.3 billion of this funding into the current 2021-22 
budget year, while maintaining the overall $10 billion investment. The Legislature has approved 
much of this transformational ZEV package in several budget bills passed in June and signed by 
the Governor – including agreeing to the overall investment level of $10 billion with plans to 
finalize some of the detailed, program level appropriations later this session. These substantial 
allocations specifically dedicated to incentive--based turnover of mobile source vehicles and 
equipment will achieve emissions reductions from the mobile fleet and from other sources of air 
pollution statewide. As California has shown for decades, clean technologies and the markets 
evolving around them are compatible with and contribute to a thriving State economy. With the 
availability of significant federal and State economic stimulus funds, it is imperative that we use 
those funds wisely to achieve the maximum benefit possible for all Californians, and this includes 
reducing mobile source emissions through a transition to zero-emission technologies, and 
otherwise supporting the green economy. 


Incentive programs to promote and accelerate the use of advanced technologies, to enhance 
transportation options, and to shift transportation systems generally towards lower-pollution 
modes by reducing vehicle miles travelled as well as reducing emissions from individual vehicles, 
will be essential to meeting our pre-2030 air quality goals and setting us on the trajectory for 
future goals like the 70 ppb 8-hour ozone standard. Therefore, strategic use of incentive funding 
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is essential to achieve earlier penetration of cleaner combustion and zero-emission technologies 
than would happen through natural turnover, and to support transportation systems 
improvements. For instance, in its approval of the most recent Funding Plan for Clean 
Transportation Incentives, CARB’s Board called out the continuing need for implementation of 
the Climate Action Plan for Transportation Infrastructure (CAPTI) and related actions in order to 
improve the system as a whole. In addition to funding, it is critical that clean transportation is 
accessible to all Californians, particularly those in low-income and disadvantaged communities 
who experience a disproportionate share of pollution impacts. 


The State, in partnership with the local air districts, has a well-established history of using 
incentive programs to advance technology development and deployment, and to achieve early 
emissions reductions. Since 1998, CARB and air districts have been administering incentive 
funding for cleaner vehicles, starting with the Moyer Program. In recognition of the key role that 
incentives play in complementing State and local air quality regulations to reduce emissions, the 
scope and scale of California’s air quality incentive programs has since greatly expanded, with 
many new programs building on the success of the Moyer Program. 


Each of CARB’s incentive programs has its own statutory requirements, goals, and categories of 
eligible projects that collectively provide for a diverse and complex incentives portfolio. In total, 
these programs address multiple goals, including: 


• Turning over the legacy fleet to achieve cost-effective early emissions reductions in
support of SIP, air toxics, and community air protection goals;


• Accelerating the introduction and deployment of zero-emission technologies to meet
federal air quality requirements and mid-century climate change goals;


• Improving access to clean transportation for low-income households, and investing in the
disadvantaged and low-income communities most impacted by pollution; and


• Supporting a green economy.


As shown in Figure 19, CARB works each year to prioritize expenditure of available funding 
between the programs and projects described below to achieve the complementary program 
goals. This is accomplished with input from the public and interested stakeholders as part of an 
ongoing public process. The annual Funding Plan for Clean Transportation Incentives is adopted 
by the Board and is the principal result of this prioritization effort, serving as the blueprint for 
expending the Clean Transportation Incentives funds appropriated to CARB each year in the 
State budget. The plan establishes CARB’s priorities for the funding cycle, describes the projects 
CARB intends to fund, and sets funding targets for each project. While the annual Funding Plan 
for Clean Transportation Incentives includes only programs funded through Low Carbon 
Transportation Investments and Air Quality Improvement Program (AQIP), funding to the rest of 
CARB’s incentive portfolio is also prioritized on a regular basis to meet the respective program 
goals. 
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2022 State SIP Strategy 


Figure 20 – CARB’s Portfolio of Incentive Programs 


As can be seen in Figure 20, CARB’s portfolio of incentive programs is used to accelerate all 
stages of technology commercialization by promoting the purchase of cleaner vehicles and 
equipment, assisting vehicle and equipment owners with the cost of upgrading their vehicles, 
and increasing development and deployment of cleaner and advanced zero-
emission- technologies. These programs include the Moyer Program, Low Carbon 
Transportation Investments, AQIP, the Truck Loan Assistance Program, and the Proposition 1B: 
Goods Movement Emission Reduction (Prop 1B) Program. More recently established programs 
include the FARMER Program, AB 617 CAPP incentives, and funds available through the 
Volkswagen (VW) Environmental Mitigation Trust. 


Figure 21 - CARB’s Programs Fund across all Stages of Technology Commercialization 
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The Moyer Program, funded by dedicated revenue from the Department of Motor Vehicle smog 
abatement fee and a fee on the purchase of new tires, provides approximately $94 million in 
grant funding annually through local air districts for cleaner-than-required engines and 
equipment. Due to the enactment of Assembly Bill 1274,113 funding for the Moyer Program is 
expected to increase in future years. The Low Carbon Transportation and AQIP programs 
provide incentive funding with goals of improving access to clean transportation and mobility 
and reducing greenhouse gas emissions, criteria pollutants, and air toxics by funding accelerated 
development and early commercial deployment of the cleanest technologies. AQIP, while a 
related program, is appropriated from a different funding source, the Air Quality Improvement 
Fund. 


Along with the multitude of grant and rebate opportunities available under the Low Carbon 
Transportation investments and AQIP, the Truck Loan Assistance Program was created through 
a one-time appropriation of approximately $35 million in the 2008 State Budget to implement a 
heavy-duty loan program that assists on-road fleets affected by the Truck and Bus Regulation 
and the Heavy-Duty Tractor-Trailer Greenhouse Gas Regulation. Since that time, CARB has 
continued to operate this program with subsequently appropriated AQIP funds of around 
$28 million annually to provide financing opportunities to small-business truckers who fall below 
conventional lending criteria and are unable to qualify for traditional financing for cleaner trucks. 


In addition to these programs, the Prop 1B Program was created to reduce exposure for 
populations living near freight corridors and facilities that were being adversely impacted by 
emissions from goods movement. This program provided incentives to owners of equipment 
used in freight movement to upgrade to cleaner technologies sooner than required by law or 
regulation. Voters approved $1 billion in total funding for the air quality element of the Prop 1B 
Program to complement $2 billion in freight infrastructure funding under the same ballot 
initiative. While all Prop 1B Program funds have been awarded to the local air districts for 
implementation, the program framework exists to serve as a mechanism to award clean truck 
funds through newer funding programs. 


In 2015, after a CARB-led investigation, in concert with U.S. EPA, VW admitted to deliberately 
installing emission defeat devices on nearly 600,000 VW, Audi, and Porsche diesel vehicles sold 
in the United States, approximately 85,000 of which were sold in California. The VW California 
settlement agreement includes both a Mitigation Trust to mitigate the excess NOx emissions 
caused by the company’s use of illegal defeat devices in their vehicles, as well as a ZEV 
Investment Commitment to help grow the State’s expanding ZEV program. The Mitigation Trust 
includes approximately $423 million for California to be used as specified in the settlement 
agreement. Per the Beneficiary Mitigation Plan approved by CARB in 2018, this funding will be 
used to replace older heavy-duty trucks, buses, and freight vehicles and equipment with cleaner 
models, with a focus on zero-emission technologies where available and cleaner combustion 
everywhere else, as well as to fund light-duty ZEV infrastructure. In addition, there have been 
mitigation funds established as the result of other settlements from which funding is used to 
support clean technologies. 


113 O’Donnell, Chapter 633, Statutes of 2017 



https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180AB1274
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Since 2017, the Legislature through various budget bills has established a number of new 
incentive programs that are implemented through CARB. In addition to the planning and 
monitoring aspects of the aforementioned AB 617 CAPP, the State Legislature provided funding 
to achieve early emissions reductions in the communities most impacted by air pollution. 
Despite the fact that there is not a dedicated funding source for the Community Air Protection 
Incentives, funding appropriated from GGRF by the Legislature has been substantial. Alongside 
the 2018 funding allocation, the Legislature expanded the possible uses of AB 617 funds to 
include: Moyer and Proposition 1B eligible projects with a priority on zero-emission projects; 
zero-emission charging infrastructure; stationary source projects; and additional projects 
consistent with the CERPs. CARB and air districts partner to run the program, with CARB 
developing guidelines and the districts administering funds for their regions. In most cases 
throughout the State, selected communities have identified mobile source emissions as a target 
for reductions; therefore, it is likely that a significant portion of the AB 617allocated funding will 
incentivize the accelerated turnover to cleaner vehicles and equipment in and around 
low--income and disadvantaged communities. 


As mentioned, CARB funds a suite of projects through the Low Carbon Transportation Program 
that prioritize equity by providing mobility and advanced technology transportation access to 
people in low-income and disadvantaged communities. Clean Cars 4 All is a program that 
focuses on providing incentives to lower income California drivers to scrap their older, 
high -polluting car and replace it with a zero- or near zero-emission replacement. The Financing 
Assistance for Lower-Income Consumers Program, otherwise known as the Clean Vehicle 
Assistance Program, and local financing assistance project in the Bay Area, helps lower-income 
residents finance used or new conventional hybrid electric, plug-in hybrid electric, battery 
electric, or fuel cell electric vehicles. The Sustainable Transportation Equity Project (STEP) is a 
new pilot that takes a community-based approach to overcoming barriers to clean transportation 
in disadvantaged and low-income communities throughout California. STEP aims to address 
community residents’ transportation needs, increase residents’ access to key destinations (e.g., 
schools, grocery stores, workplaces, community centers, medical facilities), and reduce 
greenhouse gas emissions. And finally, the Clean Mobility Voucher Pilot Program project 
supports zero-emission car-sharing, ride-sharing, bike-sharing, and innovative transit services for 
low-income and disadvantaged communities. All of these projects are specifically designed to 
benefit members of California’s communities most vulnerable to the effects of climate change 
and poor air quality, and support SB 350 and the State’s equity goals. 


Since 2017, the Legislature has appropriated $535 million statewide to CARB to reduce 
agricultural sector emissions through grants, rebates, and other financial incentives for 
agricultural harvesting equipment, trucks, agricultural pump engines, tractors, and other 
equipment used in agricultural operations. As of September 30, 2021, $289.7 million has been 
implemented statewide for eligible vehicle and equipment replacement projects. CARB 
developed the FARMER Program and approved guidelines that establish the program 
framework, eligible projects, reporting requirements, and oversight provisions. CARB is directing 
this funding to air districts to administer for agricultural truck and equipment replacement 
projects. 


Another newer project under the Low Carbon Transportation investments is the Clean Off-Road 
Equipment Voucher Incentive Project, known as CORE. CORE is designed to accelerate 



https://ww3.arb.ca.gov/msprog/lct/carsharing.htm

https://ww3.arb.ca.gov/msprog/lct/vehiclescrap.htm

https://ww3.arb.ca.gov/msprog/lct/vehiclefinancing.htm

https://ww3.arb.ca.gov/msprog/lct/vehiclefinancing.htm

https://ww2.arb.ca.gov/our-work/programs/low-carbon-transportation-investments-and-air-quality-improvement-program-1

https://www.cleanmobilityoptions.org/
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deployment of cleaner off-road technologies by providing a streamlined way for fleets ready to 
purchase specific zero-emission equipment to receive funding to offset the higher cost of such 
technologies. This project is analogous to the Hybrid and Zero-Emission Truck and Bus Voucher 
Incentive Project (HVIP), but specifically targets zero-emission off-road freight equipment that is 
currently in the early stages of commercial deployment. Born out of a $40 million allocation of 
Low Carbon Transportation funds in the Fiscal Year 2017-18 CARB Low Carbon Transportation 
and AQIP Funding Plan, CORE provides vouchers to California purchasers and lessees of 
zero--emission off-road freight equipment on a first-come, first-serve basis, with increased 
incentives for equipment located in disadvantaged communities. The 2021-22 State Budget 
greatly expanded CORE with a $194.95 million allocation. Further, CARB is currently exploring 
expanding CORE to include certain equipment types used in construction, mining, and 
agriculture that appear primed for zero-emission technology growth given the equipment 
power-demand and duty cycle, as well as the availability of product offerings. Consistent with 
CORE goals, CORE-Construction would continue to promote the deployment of zero-emission 
technology in the off-road sector. The applicability of CORE is currently limited by virtue of 
budget language direction to freight equipment, but if authorized, CARB could expand the 
program to include equipment used in construction and other industry applications. 


Despite the ongoing pandemic and the resulting health and economic crisis, California has 
rebounded. Both the 2021-22 and 2022-23 State Budgets represent the State’s largest 
investment thus far to support accelerated zero-emission investment deployment, improve air 
quality, and support an equitable transition to a cleaner, more sustainable future.  
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Chapter 7: Infrastructure 


ZEV charging and hydrogen fueling infrastructure are critical elements toward meeting 
California’s clean transportation goals including meeting the 70 ppb 8-hour ozone standard. 
CARB continues to coordinate with other State agencies including the California Energy 
Commission (CEC) and California Public Utilities Commission (CPUC) to ensure that ZEV fueling 
and charging infrastructure planning, development, and investments are complemented. To feel 
confident purchasing a ZEV, drivers and companies need affordable, reliable, and convenient 
ways to charge or refuel. Private, shared, and public infrastructure are all essential. 


ZEV fueling and charging infrastructure development must also address the needs of all 
Californians, especially given the large-scale transformation that is required to meet California’s 
clean transportation goals. Equity considerations play a significant role, ensuring that all 
Californians benefit from, and have an opportunity to participate in, this transition. In particular, 
individual living (e.g. single-family homes, multi-unit dwellings, disadvantaged communities, etc.) 
and working conditions (e.g. availability of workplace charging) must be considered. Solutions 
are needed that improve air quality in all communities across the State, especially for those that 
have historically experienced the greatest environmental challenges in their communities. The 
location and capacity of ZEV infrastructure plays an important role in these considerations. 
Equally important considerations include open access (e.g. the availability of multiple payment 
options, non-proprietary hardware, etc.), charger and station reliability (e.g. high uptime and 
consistent supply of hydrogen fuel), and availability (e.g. ZEV infrastructure is available as close 
to 24/7 as local provisions allow). 


CEC, as the lead State agency for ZEV infrastructure, is responsible for planning for the State’s 
infrastructure needs to ensure drivers of ZEVs have accessible and convenient access to charging 
and hydrogen fueling stations. Chapter 7: Infrastructure presents CEC’s updated projection of 
infrastructure demands for ZEV focused regulations in the Proposed 2022 State SIP Strategy, 
investigate key barriers and opportunities for meeting this demand, and highlights CPUC’s 
various utility programs to support transportation electrification. Please note that electrification 
assessments for off-road sectors are under development and will be quantified in the future. 


Infrastructure Demand 


Overview of ZEV Infrastructure Analysis 


Assembly Bill (AB) 2127, enacted in 2018, requires the CEC to biennially publish a report 
assessing the charging needs of 5 million ZEVs by 2030.114 In September 2020, Governor 
Newsom issued Executive Order (EO) N-79-20,115 which established expanded ZEV targets and 
directed the CEC to update its AB 2127 assessment to support them. In July 2021, the CEC 
released the inaugural Assembly Bill (AB) 2127 Electric Vehicle Charging Infrastructure 


114 Assembly Bill 2127 (Ting), Statutes of 2018, Chapter 365. 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180AB2127. 
115 Governor Gavin Newsom. Executive Order N-79-20. Issued September 23, 2020. https://www.gov.ca.gov/wp-
content/uploads/2020/09/9.23.20-EO-N-79-20-text.pdf. 



https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180AB2127

https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180AB2127

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-text.pdf

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-text.pdf

https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-text.pdf
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Assessment, which examined the charging needs to support California’s plug-in electric vehicle 
fleet (PEVs) in 2030.116 


To analyze these expanded ZEV adoption targets, the CEC in the July 2021 release, used the 
vehicle population scenario from CARB’s 2020 Mobile Source Strategy (2020 MSS).117 The 2020 
MSS illustrated a trajectory needed to achieve the EO N-79-20 target of 100 percent light-duty 
ZEV sales by 2035, including 8 million light-duty ZEVs and 180,000 medium- and heavy-duty 
ZEVs by 2030. The inaugural AB 2127 report projected that California would need nearly 
1.2 million chargers to support that projected light-duty ZEV population, and 157,000 additional 
chargers to support the projected population of medium- and heavy-duty ZEVs. These results 
emphasized the scale of the infrastructure challenge and highlighted the urgency for 
stakeholders to work together to meet this need over the next decade and beyond. The report 
also highlighted private investments and innovative solutions to deploy charging infrastructure 
to support the transition away from combustion vehicles, a significant source of pollution in 
California communities.  


For hydrogen infrastructure, pursuant to Assembly Bill 8 (Perea, 2013),118 CARB’s Annual 
Evaluation of Fuel Cell Electric Vehicle Deployment and Hydrogen Fuel Station Network 
Development119 and the CEC-CARB Joint Agency Staff Report on Assembly Bill 8: Annual 
Assessment of Time and Cost Needed to Attain 100 Hydrogen Refueling Stations in California120 
evaluate infrastructure deployment relative to FCEV rollout.121 In support of this work, CARB 
developed the California Hydrogen Infrastructure Tool (CHIT).122 CHIT illustrates scenarios 
regarding the number and locations of hydrogen stations needed to provide adequate coverage 
and capacity to meet demand. These reports show that station development has been sufficient 
for aggregate customer need, but that additional station development could be needed for 
potential longer-term FCEV population growth.  


The expected network of 179 hydrogen refueling stations by 2027 will be capable of supporting 
245,000 light-duty FCEVs.123 This is about quadruple the projected fueling demand identified in 
CARB’s 2021 Annual Evaluation of Fuel Cell Electric Vehicle Deployment and Hydrogen Fuel 


116 Alexander, Matt, Noel Crisostomo, Wendell Krell, Jeffrey Lu, and Raja Ramesh. July 2021. Assembly Bill 2127 
Electric Vehicle Charging Infrastructure Assessment: Analyzing Charging Needs to Support Zero-Emission Vehicles 
in 2030 – Commission Report. California Energy Commission. Publication Number: CEC-600-2021-001-CMR. 
117 CARB. 2020. Draft 2020 Mobile Source Strategy. https://ww2.arb.ca.gov/resources/documents/2020-mobile-
source-strategy 
118 Assembly Bill 8 (Perea), Statutes of 2013, Chapter 401. 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201320140AB8 
119 CARB. 2021. Annual Hydrogen Evaluation. https://ww2.arb.ca.gov/resources/documents/annual-hydrogen-
evaluation 
120 Baronas, Jean, Gerhard Achtelik, et al. 2020. Joint Agency Staff Report on Assembly Bill 8: 2020 Annual 
Assessment of Time and Cost Needed to Attain 100 Hydrogen Refueling Stations in California. California Energy 
Commission and California Air Resources Board. Publication Number: CEC-600-2020-008. 
121 The CEC will embark in new and expanded hydrogen infrastructure analysis pursuant to Senate Bill 643. 
122 CARB. 2017. California Hydrogen Infrastructure Tool. https://ww2.arb.ca.gov/resources/documents/california-
hydrogen-infrastructure-tool-chit 
123 The CEC anticipates reaching 200 stations as the result of funding from the 2021-2022 budget (Senate Bill 170, 
Skinner, Budget Act of 2021). 
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Station Network Development. The Annual Evaluation report, based on automakers’ projected 
sales, calculated that the FCEV population in California could grow to 61,100 FCEVs by 2027.  


The CEC has partnered with National Renewable Energy Laboratory (NREL), Lawrence Berkeley 
National Laboratory (LBNL), the University of California, Davis (UC Davis), and CARB to develop 
quantitative analyses tools in support of the charging and hydrogen refueling infrastructure 
analyses described above. Table 50 summarizes these models and describes various vehicle 
classes covered, use cases, and local conditions.  


Table 50 - Summary of CEC and CARB Charging and Refueling Infrastructure Quantitative 
Analyses124


ZEV Population Projections and Infrastructure Analysis Updates 


The 2020 MSS builds concepts and presents top-down scenarios that define the technology 
mixes needed to achieve emissions reduction targets. Built upon the measures and 
commitments already made in the 2016 State SIP Strategy, the Proposed 2022 State SIP 
Strategy further expand and translate the concepts in the 2020 MSS into proposed measures. 
While The inaugural AB 2127 report used CARB’s 2020 MSS scenario, this chapter presents  
infrastructure analyses based on vehicle projections under proposed regulations that have ZEV 
requirements: ACC II regulation125, which is a measure in the 2016 State SIP, and ACF 


124 Source: CEC 
125 California Air Resources Board (CARB) (2021). Public Workshop on Advanced Clean Cars II 
(https://ww2.arb.ca.gov/sites/default/files/2021-10/accII_october_2021_workshop_presentation_ac.pdf). 
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regulation126, a measure in the Proposed 2022 State SIP Strategy. Note that the vehicle 
projections are based on EMFAC2017 with MPO activities to align with the emission benefits 
modeling. Since staff is still developing ACC II and ACF, these projections are preliminary 
snapshots of the proposals and subject to change.  


The vehicle projections based on the proposed ACC II regulation in Figure 22 show about 
5.5 million LD ZEVs127 by 2030 and 13 million by 2035.  


Figure 22 - Light-Duty ZEV (<10,000 GVWR) Projections in the Proposed Advanced Clean 
Cars II Regulation (EMFAC2017 with MPO Activity)128 


Vehicle projections based on the proposed ACF regulation show MD/HD ZEV population is 
about 132,000 ZEVs by 2030 and 343,000 ZEVs by 2035. The projections based on the proposed 
ACF regulation incorporate a significant population of heavy-duty FCEVs (over 20,000 FCEVs by 
2030), as these vehicles can support long-haul applications. However, all medium-duty ZEVs are 


126 California Air Resources Board (CARB) (2021). Advanced Clean Fleets - Meetings & Events 
(https://ww2.arb.ca.gov/sites/default/files/2021-09/210909acfpres_ADA.pdf)  
127 The CEC’s infrastructure analysis divides the light-duty and medium- and heavy-duty vehicle sectors based on 
whether the vehicles are under or over 10,000 GVWR. This means the CEC’s light-duty infrastructure analysis 
includes vehicle populations from CARB’s light-heavy duty truck (LHD1) vehicle classification (GVWR 8,501-10,000 
pounds) in the projections based on ACF. 
128 Projections based on the proposed ACC II regulation result in a total of about 5.5 million ZEVs and 13 million 
ZEVs by 2030 and 2035, respectively. Source: CARB 
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assumed to be BEVs. Figure 22 illustrates the total MD/HD ZEV populations and the split 
between FCEVs and BEVs.  


Figure 23 - Medium- and Heavy-Duty ZEV (>10,000 GVWR) Projections  in the Proposed 
Advanced Clean Fleets Regulation (EMFAC2017 with MPO Activity)129 


In summary, based on the proposed ACC II and ACF regulations and ZEV population projections 
modeled under EMFAC2017 with MPO activities, the updated EV charging infrastructure 
analysis to support these vehicle projections estimates a need for a total of 764,000 public and 
shared private chargers by 2030, and over 1.7 million chargers by 2035 as shown in Figure 24. 
These totals aggregate the results from all of the EV charging infrastructure models described 
above in Table 51. The infrastructure results for each individual model, serving varying use cases, 
are described in more detail in the following sections. 


129 The projections based on the proposed ACF regulation provides BEV and FCEV breakdown, projecting a 
significant population of heavy-duty FCEVs particularly for long-haul applications. Source: CARB. 
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Figure 24 - Total Charging Infrastructure Requirements to Support CARB’s Vehicle 
Projections Based on the Proposed ACC II and ACF Regulations130 


Charging Infrastructure 


Intraregional Light-Duty Charging Infrastructure Needs to Enable Local Travel 


EVI-Pro 2 is a model that calculates the number, locations, and types of chargers required to 
meet the local travel and charging needs of California’s light-duty PEV drivers. Infrastructure 
results to support the vehicle projections based on the proposed ACC II regulation are provided 
in Table 51 for years 2030 and 2035. An average of 677,000 and 1.5 million public and shared 
private L2 and DCFC chargers will be needed by 2030 and 2035, respectively, to serve this use 
case. Figure 24 shows the total public infrastructure need for each year from 2020 to 2037, 
reaching over 1.8 million public and shared private chargers by 2037. 


130 Modeling results project an average of 764,000 public and share private chargers will be needed by 2030 to 
support the light-, medium-, and heavy-duty PEVs projected in CARB’s proposed ACC II and ACF regulations. This 
infrastructure need increases to over 1.7 million total chargers by 2035. Source: CEC, NREL, LBNL, UC Davis. 
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Table 51 - EVI-Pro 2 Infrastructure Results to Serve 5.5 Million ZEVs in 2030 and 13 Million 
ZEVs in 2035131 


Figure 25 - Total Average Statewide Public and Share Private Network Requirements for 
Light-Duty PEVs 


Public charging requirements grow rapidly as the light-duty PEV fleet increases from 2020 to 2037. By 2037, need 
projections are for over 1.8 million chargers. This includes nearly 50,000 DC fast chargers, which is a small 
contribution to the overall network size but will make up a large portion of the cost and energy delivered. 


Source: CEC and NREL 


131 Source: CEC and NREL 
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Infrastructure requirements for EV charging may go beyond the charger estimates presented 
here. This could include other types of investments such as distribution system upgrades, and it 
will be critical to take a comprehensive and holistic approach to EV infrastructure planning. 


Interregional Light-Duty Charging Infrastructure Needs to Enable All-Electric 
Long-Distance Travel 


EVI-RoadTrip is a simulation model that determines the number, locations, and power levels of 
DC fast chargers needed to meet California’s BEV drivers’ requirements for interregional travel 
(greater than 100 miles) along major corridors. In practice, both the intraregional travel modeled 
by EVI-Pro 2 and the interregional travel modeled by EVI-RoadTrip will use some DC fast 
chargers. However, the modeling does not yet reflect this synergy and therefore summing them 
would overestimate the number of needed DC fast chargers.  


The projections based on the proposed ACC II regulation estimate about 3.8 million BEVs on the 
road in 2030 and 8.3 million by 2035. The remaining 1.7 million ZEVs in 2030 and 4.7 million in 
2035 are PHEVs and FCEVs. Updated EVI-RoadTrip analysis indicates that these BEV fleet sizes 
will require an average of about 4,400 DC fast chargers in 2030 and 5,600 in 2035. These 
chargers will be distributed across an average of about 1,150 and 1,400 stations in 2030 and 
2035, respectively (Table 52). 


Table 52 - EVI-RoadTrip Infrastructure Results For 3.8 Million BEVs in 2030 and 8.3 Million 
BEVs in 2035132


Figure 26 shows the lower (assuming 100 percent utilization) and upper (assuming 25 percent 
utilization) bounds for DC fast charger requirements on five-year intervals from 2020-2035, 
broken out by power level. This EVI-RoadTrip analysis highlights the need for increasingly 
higher-powered chargers, which could require future proofing equipment and installations in the 
near term. 


132 Source: CEC and NREL 
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Figure 26 - EVI-RoadTrip DC Fast Charger Requirements by Power Level133 


Light-Duty Charging Infrastructure Needs to Support Electrification of Ride-Hailing 
Services 


The WIRED model assesses the need for charging infrastructure demanded by TNC vehicles in 
three major California regions: San Diego County, the Greater Los Angeles region, and the San 
Francisco Bay Area. In the AB 2127 assessment, these infrastructure needs were based on 
CARB’s Draft Clean Miles Standard,134 which projected 333,000 ZEVs in TNC fleets in California 
by 2030. Modelers assumed that 80 percent of these ZEVs will operate in these three regions. 


These results are tied to the Clean Miles Standard. The AB 2127 assessment found that the 
three regions together will need more than 2,100 DC fast chargers to serve TNCs by 2030. 
Figure 27 breaks this total down by region, showing that the Greater Los Angeles region and 
San Francisco Bay Area have significantly higher demand for charging than San Diego County. 
Figure 28 shows the growth of TNC charging infrastructure needs over the timeframe of the 
Clean Miles Standard. 


133 The power composition of DC fast chargers designed in EVI-RoadTrip evolves over time to favor higher-powered 
charging, as BEVs are expected to have longer ranges and higher on-board charge power capabilities. Lower and 
upper bounds on charger counts are shown in five-year intervals from 2020 to 2035. Source: CEC and NREL. 
134 CARB Staff. 2021. Clean Miles Standard. https://ww2.arb.ca.gov/our-work/programs/clean-miles-standard 
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Figure 27 - DC Fast Chargers Needed to Support TNC PEVs in 2030 by Region135 


Figure 28 - DC Fast Chargers Needed to Support TNC PEVs (2023–2030)136 


135 WIRED models transportation network company infrastructure requirements, illustrating how travel patterns in 
the different regions affect the resulting network design. Source: UC Davis. 


136 Aggregated DC fast charging infrastructure needs modeled by WIRED in the Greater Los Angeles region, San 
Diego County, and the San Francisco Bay Area. Source: UC Davis 
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Medium- and Heavy-Duty Charging Infrastructure Needs to Support On-Road Vehicle 
Electrification 


HEVI-LOAD supports California’s transition to MD/HD ZEVs by determining the number, 
locations, and types of charger deployments and examining suitable power levels for the range 
of MD/HD vehicle applications. HEVI-LOAD has undergone significant methodological 
improvements since the July 2021 publication of the inaugural AB 2127 assessment, and this 
analysis uses the updated version of the model to present the most robust and accurate results 
currently available. Note that there is a lot of variation in truck fueling behavior, and the 
modelling exercise described below may not capture this level of detail. 


The AB 2127 assessment assumed that MD/HD vehicles in all applications charge at night in a 
depot using 50 kW DC fast charging, and that when in use, they would opportunistically use 
350 kW public charging.  


Recent updates incorporate a wide range of power levels for charging. Assumptions for each 
MD/HD vehicle application include four quartiles of charge capacity based on travel patterns, 
model specifications, and technological announcements. Each quartile represents a quarter of 
the vehicles for the respective vehicle classification. Within each quartile, vehicles are able to 
charge at two power levels, one representing depot charging and the other representing 
public/opportunistic charging, which are approximately three times depot charging levels. This 
approach results in 19 specific charging power levels total, which range from 19 kW to 1.6 MW. 
Table 53 shows the estimated charging infrastructure needed to support about 112,000 MD/HD 
BEVs in 2030 and 289,000 in 2035. Almost 80,000 chargers are needed in 2030, and this grows 
to nearly 210,000 chargers by 2035. Charger requirements are grouped by power level for 
simplicity, and the split between depot and public (opportunistic) chargers is shown in Table 54. 
By 2030, nearly 90 percent of the MD/HD infrastructure network is projected to be composed of 
depot chargers, with public chargers mostly restricted to high-power (>500 kW) use cases. 


These results also illustrate key tradeoffs between charging energy and time spent charging. In 
2030, only 5.5 percent of the total time spent charging for the MD/HD fleet occurs at chargers 
rated 750 kW or above, yet these charging sessions account for over 21 percent of the total 
energy needs for these vehicles. Meanwhile, nearly 60 percent of the total time spent charging 
occurs at chargers rated 75 kW, delivering only 10 percent of their total energy needs. In later 
years, the share of total time spent charging and total energy delivered shifts to slightly favor 
high-powered charging, as chargers rated 750 kW or above are the only categories that increase 
in these two metrics in 2035. 
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Table 53 - HEVI-LOAD Infrastructure Results for 112,000 BEVs in 2030 and 289,000 BEVs in 
2035137 


Figure 29 shows the total statewide network requirements to support MD/HD BEVs from 2020 
to 2037. By 2037, 346,000 MD/HD BEVs will need about 258,000 chargers of varying power 
levels. Charging power levels of 19 kW (11 percent of connectors), 50 kW (12 percent), 100 kW 
(22 percent), 150 kW (22 percent), 250 kW (11 percent), and 350 kW (11 percent) dominate the 
2037 network. 


137 Source: CEC and LBNL 
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Figure 29 - Total Statewide Network Requirements for Medium- and Heavy-Duty BEVs138 


Hydrogen Infrastructure 


Light-Duty Hydrogen Infrastructure Needs to Support On-Road Vehicles 


The projections based on the proposed ACC II regulation estimated about 130,000 light-duty 
FCEVs by 2027 and 2.7 million by 2037. The 179139 stations expected by 2027 will have the 
capability to support a theoretical maximum of nearly 245,000 FCEVs assuming each FCEV uses, 
on average, 0.7 kg of hydrogen per day.  


The CEC’s Clean Transportation Program plans to  help close the gap to 200 stations to achieve 
Governor Brown’s EO B-48-18. Assuming the remaining stations to reach this goal have a 
nameplate fueling capacity of 1,600 kg (1.6 tonnes) per day, the network of 200 stations could 
serve a maximum of 290,000 FCEVs. The projected 2.7 million FCEVs would require an 
additional 1,700 tonnes of fueling capacity per day. In this scenario, California would need an 
additional 340 – 850 stations by 2037—an assumption based on the expansion of nameplate 


138 HEVI-LOAD analysis shows a continual increase in charger requirements to support MD/HD electrification, 
reaching more than 250,000 chargers statewide by 2037. This is composed of a wide diversity of power levels 
ranging from 19 kW to 1.6 MW.  Source: CEC and LBNL. 
139 The CEC anticipates reaching 200 stations as the result of funding from the 2021-2022 budget (Senate Bill 170, 
Skinner, Budget Act of 2021). 
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capacity seen thus far which suggests that nameplate capacity could grow to an average of 2 to 
5 tons per day.  


Medium- and Heavy-Duty Hydrogen Infrastructure Needs to Support On-Road Vehicles 


As stated earlier, the projections based on ACF include a significant population of heavy-duty 
FCEVs, reaching about 72,000 vehicles for long-haul applications by 2037. A recent analysis by 
the California Fuel Cell Partnership estimates 200 hydrogen stations with an average capacity of 
8 tons per day would be needed to support 70,000 heavy-duty FCEVs.140 There are currently 
seven operational heavy-duty hydrogen fueling stations for fuel cell transit buses and heavy-duty 
trucks.141 


Senate Bill (SB) 643 requires the CEC, in consultation with CARB and CPUC, to conduct a 
statewide assessment of the fuel cell electric vehicle fueling infrastructure and fuel production 
needs.142 The infrastructure and fuel production will support the adoption of zero-emission 
trucks, buses, and off-road vehicles at levels necessary to meet the goals and requirements of 
Executive Order N-79-20 and the Innovative Clean Transit and other regulations. The CEC will 
complete the assessment by December 31, 2023 and will update it at least once every three 
years. 


Barriers and Opportunities to Meeting the ZEV Infrastructure Demand 


The results presented above illustrate the magnitude of the infrastructure needed to support the 
state’s transition away from polluting internal combustion vehicles to a ZEV transportation 
system. The cost of this infrastructure is one of the key areas to address to support rapid and 
widescale deployment. California has made significant, strategic, and important investments to 
support infrastructure deployment and to transition to greater private investments. 


Plug-In Electric Vehicle Infrastructure Costs 


The most visible part of a charging station is the electric vehicle supply equipment (EVSE, often 
referred to as a charger), which is typically a pedestal or wall box and connects to the vehicle to 
charge it. Except at locations such as single-family homes, EVSE costs rarely make up most of 
the cost of a charging installation. Other components such as transformers, wiring, conduit, 
panels, meters, switchgear, breakers, trenching and other construction, permitting and other 
soft costs, and design play important roles in the cost of charging stations. In addition, charging 
installations may require utility service upgrades. Ongoing operational costs include electricity, 
maintenance, and often networking or communications. All of these factors can vary by site and 
application. 


140 California Fuel Cell Partnership. July 2021. Fuel Cell Electric Trucks: A Vision for Freight Movement in California – 
and Beyond. https://app.greenrope.com/content/Fuel-Cell-Electric-Trucks-Vision-CaFCP.pdf. 
141 CEC. 2021. California Energy Commission Zero Emission Vehicle and Infrastructure Statistics. Data last updated 
October 29, 2021. Retrieved October 29, 2021 from https://www.energy.ca.gov/zevstats. 
142 Senate Bill 643 (Archuleta), Statutes of 2021, Chapter 646. 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202120220SB643. 
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CALeVIP is the CEC’s flagship incentive program for light-duty charging infrastructure.  As of 
September 30, 2021, CALeVIP has launched eleven regional incentive projects totaling 
$185.7 million in rebate funding (including funding from partner organizations), expected to 
result in about 16,000 Level 2 connectors and 1,800 DC fast chargers. Data from CALeVIP 
projects completed through September 30, 2021show that CALeVIP provided an average rebate 
of $4,153 per Level 2 connector and $67,842 per DC fast charger. CALeVIP leverages additional 
funds from the project developer and customer. Reported total costs, including private funding, 
are $9,575 per Level 2 connector and $103,238 per DC fast charger. This represents leveraged 
funding of 57 percent and 34 percent, respectively.143 


Assembly Bill 841 (Ting, 2020) mandates that utilities create new rules to design and deploy 
infrastructure on the utility side of the meter for customers installing EV charging. On October 7, 
2021, the CPUC adopted Resolutions implementing the law which direct that customers 
installing TE charging infrastructure will not bear the costs of in-front-of-the-meter (IFM) 
infrastructure upgrades.144 These upgrades include improvements to the distribution system 
needed to serve the higher electric load created by EV charging. Customers will now benefit 
from lower costs of electrification and certainty of IFM costs.  


Although widespread electrification should result in downward pressure on rates as electric sales 
increase and fixed costs are spread over a larger number of kilowatt-hours sold, electrification 
infrastructure costs may contribute to ratepayer pressures, especially in the shorter term.  The 
CPUC has been considering numerous ideas for reducing ratepayer costs for behind-the-meter 
(BTM) EV infrastructure, including limiting the role of utility ownership of that infrastructure and 
declining rebates over time as the market matures. Utilities may continue to fund the majority or 
all of the IFM costs but a variety of actors may pay for the BTM infrastructure including the 
chargers themselves. These actors include private charging companies, EV customers, state 
agencies such as the CEC, and the federal government. Although there is almost a 
million-charger gap between 2030 estimates of chargers needed and the number installed or 
funded today, 145 it is clear that the utilities will not bear the entire costs of that gap. Utility costs 
– which in current programs often include both IFM and BTM costs, along with chargers in some
cases – are well above $15,000 per light-duty port with medium and heavy-duty charging ports
costing several times that much.146


Plug-In Electric Vehicle Infrastructure Funding and Revenue 


Revenue from electricity sales alone is often not enough for electric vehicle service providers to 
be profitable at this level of total installation cost for stations with low utilization, although some 
higher utilization charging stations may be profitable today. Many actors from the private and 
public sectors are working on strategies to address this challenge, including reducing costs and 


143 CEC. 2021. California Electric Vehicle Infrastructure Project (CALeVIP) Cost Data. 
https://www.energy.ca.gov/programs-and-topics/programs/clean-transportation-program/california-electric-vehicle. 


144 See Resolution E-5167 (https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M413/K566/413566906.PDF) 
and Resolution E-5168 (https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M414/K618/414618951.PDF)  


146 Estimates are preliminary and are based on funds expended in pilots or other small programs. 
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bringing in additional funding sources and revenue streams. Further, some business models do 
not rely on electricity sales to be profitable, such as those who sell marketing/advertising 
services. It is notable that gas stations today rely on on-site services and sales as a revenue 
stream. 


Drivers have installed hundreds of thousands of chargers at single-family homes to take 
advantage of the convenience and low charging costs home charging offers. Not all EV owners 
do or will have access to the capital, parking space near electricity, and other requirements for 
home charging. However, CEC staff expects it to continue to be a popular choice and to 
primarily be funded by private individuals. 


EV charging is and will continue to be offered as part of a package of services to attract drivers. 
Examples include workplace charging, offered as a perk to employees; charging as an option at 
commercial parking garages; charging at multifamily housing for renters or owners; and charging 
funded by auto manufacturers to stimulate sales of their EVs. 


Electric utilities have made important investments in charging infrastructure. The CPUC has now 
authorized over $1.8 billion in funds for utility transportation electrification programs, as detailed 
below (Table 54): 


Table 54 - Authorized Funding for Utility EV Programs147


Of the $1.8 billion in authorized funding, $1.48 billion remains available. Approximately half of 
authorized utility funds support light-duty vehicle electrification with the remainder dedicated to 
medium and heavy-duty electrification. In recent decisions, the CPUC has required that 


147 Funds authorized for IOU proposals, but no programs/pilots yet approved. 







2022 State SIP Strategy September 22, 2022 


162 


programs spend half of their budgets in disadvantaged or underserved communities.148 Funds 
within the utility programs pay for charging infrastructure on the utility side of the meter and, in 
the case of most programs, on the customer side of the meter. For some programs, EV chargers 
themselves (EVSE) are also funded. Program budgets also typically include administrative costs, 
marketing and outreach, and evaluations. 


The authorized and program allocated funding149 will support approximately 55,500 light-duty 
chargers (of which 13,000 have been energized), 371 DCFC public chargers (of which 14 have 
been energized), and nearly 300 MD/HD on- and off-road ports. The authorized funding also 
includes budgets for programs that have not yet been designed which will add to these charger 
totals. Publicly owned utilities are also investing in EV charging infrastructure. Most notably, Los 
Angeles Department of Water and Power has been authorized to spend a maximum of $40 
million per fiscal year from 2019 to 2029 to reach 10,000 chargers by 2022, 25,000 by 2025, and 
28,000 by 2028.  


To reduce operating costs like demand charges, some companies, like FreeWire Technologies, 
install distributed energy resources (including local generation and stationary storage) to limit 
facility peak demand and enable charging power levels that would otherwise be more costly or 
potentially require grid upgrades. Where operational requirements allow, smart charging, load 
management, and other managed charging strategies can help limit instantaneous power 
demand and minimize long-term charging expenses.150 The CEC is funding research and 
demonstration projects in these areas through solicitations under the Electric Program 
Investment Charge (EPIC)151 and the Clean Transportation Program.152 Companies including 
Powertree Services offer monthly subscriptions and a scheduling and access control system for 
chargers. This can enable more drivers to share a single charger, reducing the total capital cost 
to serve the same amount of miles driven.   


On the revenue side, one of the most important incentives for EV charging, particularly DC fast 
chargers, is the CARB Low Carbon Fuel Standard (LCFS) Program.153 EVSE owners and operators 
can generate LCFS credits based on the amount of electricity delivered. For example, a standard 
6.6 kW Level 2 charger is estimated to yield nearly $1,000 in revenue assuming the charger is 
used 3.5 hours per weekday and the LCFS credit price is $200 per credit.154 DC fast chargers can 


148 See decisions authorizing Southern California Edison’s Charge Ready 2, San Diego Gas & Electric’s Power Your 
Drive 2, and TEF Near-Term Priorities. 
149 Roughly $280 million funding is yet to be allocated to programs which may alter these targets. 
150 Santa Clara Valley Transportation Authority. July 9, 2019. “VTA Supports the LACI Feedback for Managed 
Electrified Fleet Charging Especially for Transit Bus Fleets.” 
https://efiling.energy.ca.gov/GetDocument.aspx?tn=228926. 
151 CEC. “GFO-20-304 — Evaluating Bi-Directional Energy Transfers and Distributed Energy Resource Integration 
for Medium- and Heavy-Duty Fleet Electrification.” https://www.energy.ca.gov/solicitations/2020-09/gfo-20-304-
evaluating-bi-directional-energy-transfers-and-distributed-energy. 
152 CEC. “GFO-20-605 — BESTFIT Innovative Charging Solutions.” https://www.energy.ca.gov/solicitations/2020-
08/gfo-20-605-bestfit-innovative-charging-solutions. 
153 CARB. 2021. Low Carbon Fuel Standard. https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-standard 
154 Center for Sustainable Energy. CALeVIP Low Carbon Fuel Standard Overview. 
https://calevip.org/sites/default/files/docs/calevip/Low-Carbon-Fuel-Standard-Overview.pdf 
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generate additional capacity credits to mitigate potential low utilization while EV adoption 
continues to grow. These credits can then be sold to entities who produce or distribute high 
carbon intensity fuels. Some service providers like Volta earn revenue from advertising shown on 
large displays on the EVSE. Highland Transportation and other companies targeting fleets will 
bundle charging into their fleet electrification products, or charging-as-a-service, along with 
elements such as vehicles and maintenance. In the future, vehicle grid integration (VGI) may 
provide additional revenue opportunities. 


Hydrogen Refueling Infrastructure Costs 


By the end of 2023, the Clean Transportation Program plans to have invested a total of 
$319 million in light-, medium- and heavy-duty hydrogen refueling infrastructure.  


Grant recipients will have committed more than $191 million in match funding by the end of the 
most recent Clean Transportation Program grant agreements. The total reported public and 
private investment in Clean Transportation Program’s hydrogen refueling station projects is 
nearly $470 million for 179 stations, including 23 privately funded stations.155 However, this 
underestimates the total reported investment and the ratio of public to private investment as 
they do not reflect private investment to cover costs that are not part of CEC agreements and 
not reported to the CEC.  


Cost variations include technological and aesthetic requirements by local jurisdictions such as 
piping changes, electrical hook ups, easements, and safety requirements. As with EVSE, the site 
electrical layout (which determines the difficulty of trenching), the electrical capacity of the site 
and utility distribution system (which, depending on system power, may need expanded capacity 
or distributed energy resources), and the complexity and time delays involved in permitting, 
interconnection, and entitlements also contribute to the station cost. 


Hydrogen sold at the refueling stations is expected to be a primary revenue source and to 
attract investment. As with DC fast chargers, a key incentive that improves the business case for 
hydrogen infrastructure owners is the LCFS Program. Since 2019, the LCFS program has 
permitted hydrogen station owners to apply for hydrogen refueling infrastructure capacity 
credits. These capacity credits provide for additional credit generation for not only fuel 
dispensed, but also fuel available to customers. Additional credits provide a financial incentive to 
infrastructure owners to build the fueling capacity to support more ZEVs and to reduce carbon 
intensity of the fuel supply, while at the same time reducing risk of low utilization in the early 
market.  


Scaling Infrastructure Deployment 


To achieve California’s 2035 ZEV goals and provide access to all Californians, the markets for 
ZEVs and infrastructure will need to become mutually reinforcing and self-sustaining, and 
primarily funded by private investment. While projections show PEVs will reach cost parity with 
internal combustion vehicles in the next few years, there is more uncertainty about the path to 
self-sufficiency for the infrastructure segments. Continued deployment incentives and 


155 Of the 179 stations, at least 13 are planned to be capable of fueling light-, medium, and heavy-duty vehicles. 
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innovation-enabling policies are critical to promoting private investment and a sustainable 
industry. Further, sustained public investment will be necessary to address equity and access 
concerns where private investment is insufficient or uneven. 


The CEC has led on this front through the Clean Transportation Program, which invests up to 
$100 million annually in a broad portfolio of transportation infrastructure and fuel-related 
projects throughout the state. Last year, the CEC received a one-time budget allocation of over 
$1 billion through the state’s general fund ZEV package in the Budget Act of 2021 to support 
infrastructure and manufacturing.156 Table 55 details funding allocations for the next three fiscal 
years from the Clean Transportation Program’s Investment Plan and the General Fund.157 


156 Senate Bill 170 (Skinner), Statutes of 2021, Chapter 240. 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=202120220SB170. 
157 Brecht, Patrick. 2021. 2021–2023 Investment Plan Update for the Clean Transportation Program. California 
Energy Commission. Publication Number: CEC-600-2021-038-LCF 
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Table 55 - CEC Investment Plan Allocations for FY 2021-2022 and Subsequent Fiscal Years 
(in Millions) 


In addition, in January 2022 Governor Newsom’s office released their proposed budget for the 
2022-23 fiscal year. The budget proposal builds on the previous year’s ZEV package, with an 
additional $6.1 billion for decarbonizing transportation in the state. Combined with the prior 
year’s budget, approximately $10 billion could be directed to decarbonized transportation over 
six years if these provisions of the proposal are adopted by legislation later this year. The CEC’s 
Clean Transportation program would receive additional funds beyond those shown in Table 55. 
The proposed budget for Fiscal Year 2022-23 would add funding for investments in a wide array 
of categories, as shown in Table 56. The Governor’s 2022-23 budget proposal also emphasizes 
the need for equitable deployment of infrastructure and focuses funding on communities with 
greater need for public assistance in deploying ZEV infrastructure. 
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Table 56 - ZEV Infrastructure Funding Allocations in Governor Newsom’s Proposed 
FY 2022-23 Budget (in Millions) 


Among other efforts, CEC is expanding continued public support through the block grant 
incentive model used in CALeVIP. In April 2021, the CEC announced the approval of the 
multi-million Energy Infrastructure Incentives for Zero-Emission Commercial Vehicles 
(EnergIIZE Commercial Vehicles) project, a first-of-its-kind project implemented by CALSTART 
that will fund charging and hydrogen fueling infrastructure for zero-emission trucks, buses, 
goods movement, and equipment.158 On the light-duty side, in September 2021 the CEC 
announced the authorization of two block grant awards for up to $250 million each.159 One will 
be implemented by the Center for Sustainable Energy to continue CALeVIP, while the other 
program will be implemented by CALSTART. These projects will leverage large amounts of 
funding to rapidly deploy ZEV infrastructure in a streamlined manner and leverage private funds. 


Beyond these large-scale projects, the CEC also targets funding through solicitations that 
address specific opportunities and challenges. For example, the BESTFIT Innovative Charging 


158 CEC. “GFO-20-603 — Block Grant for Medium-Duty and Heavy-Duty Zero-Emission Vehicle Refueling 
Infrastructure Incentive Projects.” https://www.energy.ca.gov/solicitations/2020-07/gfo-20-603-block-grant-
medium-duty-and-heavy-duty-zero-emission-vehicle. 
159 CEC. “GFO-20-607 — Second Block Grant for Light-Duty Electric Vehicle Charger Incentive Projects.” 
https://www.energy.ca.gov/solicitations/2021-04/gfo-20-607-second-block-grant-light-duty-electric-vehicle-charger-
incentive. 
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Solutions solicitation, released in August 2020, aimed to accelerate the commercial deployment 
of transformative technology solutions for the light-, medium-, and heavy-duty sectors.160 Other 
solicitations that have been released or are anticipated to be released in 2021 will fund charging 
solutions for on-demand transportation services,161 charging deployments that serve multi-family 
homes including apartments,162 and charging installation projects in rural locations.163 
Developing a portfolio of charging solutions will be essential for addressing the wide variety of 
use cases and local needs throughout California.  


The CEC is not the only entity providing funding for EV charging infrastructure. Local 
governments, utilities, and state agencies are also investing in infrastructure to meet clean air, 
climate change, and equity goals. As mentioned earlier, in the past decade the electric utilities 
regulated by the California Public Utilities Commission (CPUC)164, which serve 78% of the state, 
have developed dozens of programs aimed at electrifying various segments of the 
transportation sector and offering specific electric rates for EVs. About 18% of the utility 
authorized funds have already been spent. Most of the non-pilot programs listed above have 
multi-year budgets and are only in the first several years of deployment or have not yet been 
launched, presenting an opportunity for significant scaling in charging infrastructure deployment 
in coming years. 


In addition, in February 2020, the CPUC published a draft proposed overarching transportation 
electrification policy: the Transportation Electrification Framework (TEF).165 It contains proposals 
on determining the appropriate role of utilities in transportation electrification (TE), goals and 
metrics by which TE programs should be judged, and a process to streamline approval of 
individual utility programs. Over the next year, the CPUC plans to finalize  adoption of the 
Framework. In July 2021, the chapter of the TEF identifying near-term priorities for investment 
was adopted.166 The decision, listed in Table 55 as TEF Near-Term Priorities, authorizes up to 
$240 million for the IOUs to propose smaller programs through a streamlined process in a 
number of sectors: grid resiliency, customers without access to home charging, medium and 
heavy-duty charging, new construction, and panel upgrades for low-income residential 


160 CEC. “GFO-20-605 — BESTFIT Innovative Charging Solutions.” https://www.energy.ca.gov/solicitations/2020-
08/gfo-20-605-bestfit-innovative-charging-solutions. 
161 CEC. “GFO-21-601 — Charging Access for Reliable On-Demand Transportation Services (CARTS).” 
https://www.energy.ca.gov/solicitations/2021-08/gfo-21-601-charging-access-reliable-demand-transportation-
services-carts. 
162 California Energy Commission. Staff Pre-Solicitation Workshop for Light-Duty Electric Vehicle Infrastructure 
Projects Serving Rural and Multi-Unit Dwelling Residents, June 28, 2021. 
https://www.energy.ca.gov/event/workshop/2021-06/staff-pre-solicitation-workshop-light-duty-electric-vehicle-
infrastructure. 
163 Ibid. 
164 Regulated utilities include three large investor-owned utilities (Pacific Gas & Electric, Southern California Edison, 
and San Diego Gas & Electric) along with three small or multi-jurisdictional investor-owned utilities (Liberty, 
PacifiCorp, and Bear Valley).  
165 CPUC’s Draft Transportation Electrification Framework 
(https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M326/K281/326281940.PDF) 
166 Decision Setting Near-Term Priorities For Transportation Electrification Investments By The Electrical 
Corporations (http://docs.cpuc.ca.gov/SearchRes.aspx?DocFormat=ALL&DocID=394347617)  
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ratepayers in underserved communities. Programs that fall into these priority areas will not need 
applications and evidentiary review and may be approved via expedited process. 


Another critical factor when scaling up infrastructure deployment is actively preparing for the 
increasing amount of electric load created by EVs. In June 2021, the CPUC launched a 
rulemaking to modernize the electric grid for a high distributed energy resources future. This 
proceeding is focused on preparing the distribution system for increased transportation 
electrification.167 In the CPUC’s Integrated Resource Planning proceeding, which plans for new 
generation, the CPUC is increasingly using demand forecasts that predict higher amounts of EV 
charging.168 These demand forecasts are also used by the California Independent System 
Operator to prepare the transmission system for increased load. 


In December 2020, the CPUC adopted a decision on vehicle-grid integration (VGI) which created 
metrics and strategies for advancing VGI and authorized almost $40 million for the utilities to 
spend piloting VGI technologies and programs.169 In November 2021, the CPUC adopted a 
Resolution creating a pathway for alternating current interconnection for vehicle-to-grid 
integration and allowing some EVs to more easily enable bidirectional mode.170 The CPUC is 
continuing to consider streamlining procedures for both EV charging and bidirectional EV 
interconnections. 


In parallel, the CEC is currently developing the EVSE Deployment and Grid Evaluation Tool 
(EDGE), which will incorporate publicly available electric grid data to aid in regional grid 
planning. This will act as an “early warning system” to inform charging infrastructure deployment 
and proactively identify locations where grid upgrades may be required. The CEC is also 
continuing work on updating the California Vehicle-Grid Integration Roadmap and is 
investigating pathways to streamline the interconnection of vehicle-to-grid resources that export 
power and help the grid operate more economically and reliably. Finally, the programs 
administered by the CEC relevant to EV charging, the Electric Program Investment Charge 
(EPIC) and the Clean Transportation Program, incorporate flexible and bidirectional EV charging 
and advance these technologies in the marketplace through targeted demonstrations and other 
activities. 


Future state funding will also continue to support hydrogen refueling infrastructure and meet 
the state’s goals for 100 stations by the end of 2023 and 200 stations by 2025 as called for in 
AB 8 and EO B-48-18, respectively. To achieve these targets, the CEC is directed to allocate 
$20 million annually from the Clean Transportation Program, and the recent addition of General 
Funds will support the 200-station goal.  


167 See https://apps.cpuc.ca.gov/apex/f?p=401:56:0::NO:RP,57,RIR:P5_PROCEEDING_SELECT:R2106017  
168 Administrative Law Judge’s Ruling Seeking Comments on Proposed Preferred System Plan, pp. 23-28 
(https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M399/K450/399450008.PDF)  
169 Decision Concerning Implementation of Senate Bill 676 And Vehicle-Grid Integration Strategies 
(http://docs.cpuc.ca.gov/SearchRes.aspx?DocFormat=ALL&DocID=355794454) 
170 Resolution E-5165 (https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M420/K342/420342816.PDF) 
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In addition, CEC developed a Statewide ZEV Infrastructure Plan (ZIP).171 The ZIP supports 
decision-making by CEC and others by documenting State plans and strategies. It supports 
public discussions of pathways to success in the State’s ZEV goals, especially as embodied in 
vehicle regulations. The primary principles driving the drafting of the ZIP are that state 
investments will be directed to increase equity and that state investments will accelerate market 
development of ZEV infrastructure and the handoff of mainstream charging and fueling 
infrastructure to the private sector. It presents a high-level view of State infrastructure strategy 
to ensure sufficient infrastructure deployment and grid-readiness. 


The National Electric Vehicle Infrastructure (NEVI) Formula Program is another important piece 
of the State’s infrastructure plan. NEVI was established through the federal Infrastructure 
Investment and Job’s Act, which was signed by President Biden late last year. This program 
provides funding to advance ZEV infrastructure. California’s share of this funding is $384 million 
over 5 years. CEC and Caltrans recently released the draft California State Electric Vehicle 
Infrastructure Deployment Plan.172 Through NEVI, charging infrastructure will be deployed 
strategically to establish an interconnected network of electric vehicle chargers along key 
corridors (i.e., Alternative Fuel Corridors) across the state.  


Additional Policies to Accelerate Infrastructure Deployment 


The list below highlights several other policies and efforts that tackle barriers and support 
California’s increasing infrastructure deployment.  


• Properly designed electricity rates are key to encouraging EV adoption and in particular
ensuring that charging is less expensive than traditional fossil fuels. Each large investor-
owned utility (IOU) offers several EV-specific rates, both for residential and non-residential
customers. These rates typically include a steeply differentiated time-of use rate providing
a cheap charging time during off-peak periods such as nighttime.173 Calculations
demonstrate that, if customers are able to charge off-peak, most can save significantly on
fueling costs over gasoline or diesel.174 Another significant issue in rate design has been
demand charges, which are a portion of commercial and industrial customers’ bills that is
based on their peak usage for the month, and can be a barrier to electrification. Demand
charges can be a large part of the bill for some commercial EV customers because the
customers may have a very high peak usage – if several vehicles are charging at once –
but relatively low overall electric consumption for the month. Every large IOU now has a
commercial EV rate available that significantly reduces or entirely eliminates demand


171 CEC’s Draft Zero-Emission Vehicle Infrastructure Plan (ZIP) (https://www.energy.ca.gov/publications/2022/draft-
zero-emission-vehicle-infrastructure-plan-zip)  
172 Caltrans and CEC’s California’s Deployment Plan for the National Electric Vehicle Infrastructure Program 
(https://efiling.energy.ca.gov/GetDocument.aspx?tn=243505)  
173 For more information, visit https://www.cpuc.ca.gov/industries-and-topics/electrical-
energy/infrastructure/transportation-electrification/electricity-rates-and-cost-of-fueling  
174 See “When might lower-income drivers benefit from electric vehicles? Quantifying the economic equity 
implications of electric vehicle adoption (International Council on Clean Transportation)” at 
https://theicct.org/publications/EV-equity-feb2021  
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charges, and therefore helps promote electrification in the commercial sector. Electrify 
America (EA) has noted that demand charges are still a huge barrier for LD public DCFC 
providers and shared some insights in its ZEV Investment Plans (ZIP), as well as its 
quarterly and annual reports. In the Cycle 3 ZIP Cycle3 report175, EA noted that several 
studies176, 177, 178 showed that demand charges were presenting challenges to station 
economics. EA also noted in its Cycle 3 ZIP 3 that the rate structure, including demand 
charges, impacted the cost to provide charging services to consumers and business 
economic sustainability. To provide some relief from demand charges, EA plans to deploy 
energy storage and renewable generation at some of its stations. 


• State and local building codes require the installation of charger make-ready equipment.
The Green Building Standards (CALGreen) Code, Title 24, Part 11179, requires builders to
provide varying levels of infrastructure for electric vehicle charging in newly constructed
residential and non-residential buildings thereby avoiding the substantial costs that major
retrofits would incur. Beginning in 2023, CALGreen will require that existing multifamily
dwellings, hotels, and motels undergoing certain retrofit activities have capacity to
support EV charging, and additionally require capacity supporting charging of medium-
and-heavy duty vehicles in new warehouses, grocery stores, and retail buildings with
off-street loading spaces. Building codes are crucial to ensuring that California meets its
ZEVs goals cost-effectively. Building codes are essential to support broad access to ZEV
infrastructure and must keep pace as the number of ZEVs continues to grow.


• Streamlined permitting and approval processes will allow for faster and more efficient
infrastructure installations timelines. To address this, in 2021 Governor Newsom signed
AB 970, which will accelerate the permitting processes by creating provisions for
approving a completed EV charging station application after 20 or 40 days. Permitting
and application processes for utility actions such as grid upgrades, installations, and
interconnections have faced similar challenges. State programs and legislators are
addressing ways to improve the ease and speed of charging infrastructure deployments.
This will be increasingly critical as megawatt-scale charging sites become more prominent
for MD/HD charging. The CEC has also incorporated measures to shorten development
time for hydrogen stations. These include requiring applicants to have held preapplication
meetings with the authority having jurisdiction, to include benchmarks for developers to


175 Electrify America (EA) (2021), California ZEV Investment Plan: Cycle 3, available at 
https://media.electrifyamerica.com/assets/documents/original/685-
20210503PublicCaliforniaC3ZEVInvestmentPlanFinalvF.pdf?utm_medium=email&utm_source=govdelivery 
176 Great Plains Institute (2019). Analytical White Paper: Overcoming Barriers to Expanding Fast Charging 
Infrastructure in the Midcontinent Region. Available at : 
https://scripts.betterenergy.org/reports/GPI_DCFC_Analysis_July_2019.pdf 
177 Rocky Mountain Institute (2019). DCFC Rate Design Study. Available at: https://rmi.org/insight/dcfc-rate-design-
study/ 
178 National Renewable Energy Laboratory (NREL) (2017).Identifying Potential Markets for Behind-the-Meter 
Battery Energy Storage: A Survey of U.S. Demand Charges. Available at: 
https://www.nrel.gov/docs/fy17osti/68963.pdf  
179 https://www.dgs.ca.gov/BSC/Rulemaking/2021-Triennial-Code-Adoption-Cycle/Dec-2021-Commission-Mtg 
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receive approval to build within 18 months of the CEC approving funding for the station, 
and to open for retail operations within 30 months of the CEC approving the funding.   


• Standardization of charging and refueling infrastructure will create a more convenient and
efficient infrastructure network for drivers. CARB is proposing a requirement that
light-duty vehicles with fast charging capability sold in California be compatible with the
CCS connector, beginning with Model Year 2026. The CEC has supported the market
shift towards CCS by limiting its funding requirements for the inclusion of CHAdeMO
connectors. Currently, projects require only one CHAdeMO connector per site. The lack
of connector standardization is even more prevalent among MD/HD vehicles, though the
nascency of the market may present opportunities to encourage standardization more
aggressively earlier on. The development of the Megawatt Charging System aims to
develop a standardized charging system for this sector and has received CEC funding. On
the hydrogen side, the CEC has required compliance with international fueling standards
to maintain reliable and safe fueling at stations.180


• Workforce training and development will be vital to scaling charging infrastructure
deployment and has a proposed allocation of $15 million in Clean Transportation
Program funding over the next three years. The CEC estimates about 14,100 Californians
are employed across 34 ZEV-related manufacturers, and this workforce will need to grow
to meet the infrastructure demand over the next decade and beyond.


While the ZEV infrastructure need is significant, it also presents an immense opportunity to 
transition California to clean transportation, reduce GHG emissions, improve air quality and 
reduce pollution, and create in-state jobs. The state agencies recognizes the challenges 
California will face for this multi-billion dollar shift and have moved aggressively to accelerate 
infrastructure deployment in collaboration with each other and stakeholders. Numerous 
strategies and mechanisms to scale infrastructure development will contribute to the state’s 
portfolio of solutions to overcome barriers. 


180 Hydrogen refueling standards include SAE International J2600 Compressed Hydrogen Surface Vehicle Fueling 
Connection Devices, SAE International J2601 Fueling Protocols for Light Duty Gaseous Hydrogen Surface Vehicles, 
SAE International J2719 Hydrogen Fuel Quality for Fuel Cell Vehicles, and SAE International J2799 Hydrogen 
Surface Vehicle to Station Communications Hardware and Software. 
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Chapter 4: Attainment Strategy 
 
Over the past decades, under previous San Joaquin Valley Air Pollution Control District 
(District) attainment plans (2007 Ozone Plan, 2008 PM2.5 Plan, 2012 PM2.5 Plan, 2013 
Plan for the Revoked 1-hour Ozone Standard, 2015 Plan for the 1997 PM2.5 Standard, 
2016 Plan for the 2008 8-Hour Ozone Standard, 2018 Plan for the 1997, 2006, and 
2012 PM2.5 Standards, and 2022 Plan for the 2015 8-Hour Ozone Standard) the 
District and the California Air Resources Board (CARB) have implemented generations 
of emissions control measures for stationary, area, and mobile sources in the San 
Joaquin Valley (Valley).  Together, these efforts represent the nation’s toughest air 
pollution emissions controls.  In addition to having the toughest air regulations in the 
nation, the District also operates the most effective and efficient incentive grants 
program, investing over $6.2 billion in public/private funding towards clean air projects 
to date that have achieved over 268,000 tons of emissions reductions.  Due to the 
significant investments made by Valley businesses and residents, and stringent 
regulatory programs by the District and CARB, the Valley’s fine particulate matter 
(PM2.5) and PM2.5 precursor emissions are at historically low levels.  Air quality in the 
Valley has improved significantly, providing Valley residents with associated health 
benefits.  As the District and CARB continue to implement adopted control measures, 
Valley PM2.5 concentrations will continue to improve.   
 
Despite the progress made to improve the Valley’s air quality through implementation of 
multiple attainment plans adopted by the District and clean air investments by Valley 
businesses and residents, substantial additional emissions reductions are needed, 
particularly from mobile sources under CARB and U.S. Environmental Protection 
Agency (EPA) jurisdiction that make up over 80% of remaining Valley nitrogen oxide 
(NOx) emissions.  The District and CARB must build on decades of effective control 
strategies and reach beyond regulations alone to expedite air quality improvements.  
This chapter outlines the new regulatory and incentive-based measures proposed by 
both the District and CARB, combined with adopted measures achieving new emissions 
reductions, which collectively will achieve the emissions reductions necessary to attain 
the 2012 annual PM2.5 standard. 
 
4.1 COMPREHENSIVE CONTROL STRATEGY 
 
This Plan contains a comprehensive suite of regulatory and incentive-based measures 
to be implemented by the District and CARB to attain the 2012 annual PM2.5 standard 
as expeditiously as practicable, as evidenced by the photochemical air quality modeling 
performed by CARB (Appendix J).  This Plan demonstrates the District’s ongoing efforts 
to improve air quality in the Valley through a comprehensive strategy that includes: 
 


• District regulatory measures achieving new emission reductions during this 
Plan period, as shown in Table 4-2, in addition to new stationary and area source 
measures to further strengthen requirements to achieve greater emissions 
reductions from residential wood combustion and agricultural operations.   
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• Incentive-based measures that accelerate the deployment of cleaner vehicles 
and technologies in a variety of sectors, including agricultural equipment and 
residential wood combustion. 


 
• State mobile source strategy that reduces emissions from mobile sources 


under state and federal jurisdiction, including heavy-duty trucks, agricultural 
equipment, locomotives, and off-road equipment. 


 
• Public outreach and education that encourages and empowers the public to 


understand air quality issues, take advantage of District tools to stay informed 
regarding local air quality, take actions to protect themselves when necessary, 
understand the Valley’s unique air quality challenges, and take actions to reduce 
emissions and improve the Valley’s air quality.  


 
• Technology advancement and demonstration efforts to accelerate the 


development and deployment of innovative clean air technologies that can bring 
about emission reductions as rapidly as practicable.   
 


• Transition to zero-emission technologies across all sectors where feasible, 
through close collaboration with federal, state, and local governments, industry, 
and the public to support the development and rapid deployment of new 
technologies and needed infrastructure, ensuring equitable transition. 


 
• Call for action by the federal government to do their part in taking responsibility 


for regulating, and taking actions, to reduce emissions in the Valley.  This 
includes working together to advocate and secure significant new funding 
required to achieve the enormous emissions reductions necessary for attainment 
under this Plan through incentive-based measures.   


 
4.2 DISTRICT CONTROL STRATEGY  
 
The District’s regulatory authority is limited to stationary sources and some area-wide 
sources.  Since 1992, the District has adopted over 670 rules to implement an 
aggressive on-going control strategy to reduce emissions in the Valley from these 
sources.  Many current rules are fourth- or fifth-generation, meaning that they have 
been revised and emission limits have been lowered, as new emission control 
technologies become available, technologically feasible, and cost-effective.  
Additionally, the District has recently adopted many technology-forcing rules, including 
recent amendments to District rules for agricultural burning and boilers, steam 
generators, and process heaters.  The District has also adopted innovative regulations 
such as the Indirect Source Review and Employer-based Trip Reduction rules to reduce 
emissions from mobile sources. 
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The District’s current rules and regulations reflect technologies and methods that extend 
well beyond required control levels.  The stringent regulations already adopted under 
previous attainment plans serve as the foundation of the control strategy for this Plan.  
These adopted regulations reduce directly emitted PM2.5 and NOx as they are fully 
implemented.  These rules, along with the numerous adopted rules and regulations that 
have achieved emissions reductions before 2017, contribute to the Valley’s progress 
toward attainment.  The emissions inventory for this plan shows reductions of 
approximately 10.1 tons per day (tpd) of directly emitted PM2.5 emissions and 
128.5 tpd of NOx from 2017 to the final attainment year of 2030 (Appendix B).  
These emissions reductions represent a 15.4% reduction in PM2.5 and 56.7% reduction 
in NOx, based on measures included in the current control strategy.  Emission 
reductions from stationary and area sources under the adopted control program are 
presented in Table 4-1 below.  The District’s recently amended regulations achieving 
reductions in and after 2017 are summarized in Section 4.2.1 below. 
 


Table 4-1  San Joaquin Valley Baseline Stationary and Area Source Emissions1 
Pollutant 2017 Emissions 


(tpd) 
2030 Emissions 


(tpd) Change 
PM2.5 57.3 50.4 -12% 
NOx 35.3 22.5 -36% 


 
In addition to the significant ongoing reductions achieved and maintained through the 
District’s current adopted air quality regulations, the District is committing in this Plan to 
achieve aggregate emissions reductions from new prohibitory and incentive-based 
measures, as necessary for expeditious attainment demonstrated through modeling 
conducted by CARB.  Notably, the incentive-based measures are based on already 
received funding.  Although the District has only quantified reductions from one 
measure at this time in the aggregate commitment, the other measures will achieve 
additional reductions, and will be submitted to the SIP.  Final measures as proposed for 
adoption into the SIP may provide more or less emission reductions as will be 
determined through the extensive public rule development process for each regulatory 
measure.  If the total emission reductions from the newly adopted rules or measures are 
less than those committed to in the Plan, the District commits to adopt, submit, and 
implement substitute rules and measures that achieve equivalent reductions in 
emissions of direct PM2.5 or PM2.5 precursors in the same implementation timeframes 
or in the timeframes needed to meet CAA milestones.  These commitments will ensure 
that emission reductions will be achieved by the timeframes necessary under this Plan 
to attain the 2012 standard as expeditiously as practicable.   
 
The District’s comprehensive control strategy is summarized in the table below.  
 


                                            
1 Source: 2022 PM2.5 CEPAM v1.00; represents the current baseline emissions with adopted CARB and district 
measures 
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Table 4-2  District Control Strategy Measures and Schedule 
District Rule Action Date Implementation 


Begins 
Adopted Regulations Achieving Reductions on and after 2017 


2201 New and Modified Stationary Source Review Rule  2023 Ongoing 
4103 Open Burning 2021 2021-2025 


4308 Boilers, Steam Generators, and Process Heaters - 
0.075 MMBtu/hr to Less than 2.0 MMBtu/hr 2013 2015-2034 


4311 Flares 2020 2024 
4306/ 
4320 


Boilers, Steam Generators, and Process Heaters 
Greater than 5.0 MMBtu/hr 2020 2024 


4352 Solid Fuel Fired Boilers, Steam Generators, and 
Process Heaters 2021 2024 


4354 Glass Melting Furnaces 2021 2024, 2030 
4550 Conservation Management Practices 2004 Ongoing 
4702 Internal Combustion Engines 2021 2024, 2030 


4901 Wood Burning Fireplaces and Wood Burning 
Heaters 2023 2019 


4902 Residential Water Heaters 2009 2010-2024 
4905 Natural Gas-Fired, Fan-Type Central Furnaces 2024 2015-2045 
9510 Indirect Source Review 2017 Ongoing 


9610 
State Implementation Plan Credit for Emission 
Reductions Generated Through Incentive 
Programs 


2013 Ongoing 


Reg. VIII Fugitive PM10 Prohibitions  2004 Ongoing 
New Regulatory and Incentive-Based Commitments 


4550 Conservation Management Practices 2026 2028 
4901 Residential Wood Burning 2025 2026 
- Fireplace and Woodstove Change-Out Program Ongoing Ongoing 
- Low-Dust Nut Harvester Replacement Program Ongoing Ongoing 


 
Table 4-3  Emission Reductions from Control Strategy 


Measures PM2.5 
(tpd) 


NOx  
(tpd) 


Adopted Control Strategy for Stationary and Area Sources 6.9 12.8 
New Regulatory and Incentive-Based Aggregate Commitments 
4550 Conservation Management Practices NYQ NYQ 
4901 Residential Wood Burning 0.02 NYQ 
- Fireplace and Woodstove Change-Out Program NYQ NYQ 
- Low-Dust Nut Harvester Replacement Program NYQ NYQ 


Total Aggregate Commitment from New Measures 0.02 0.00 
Total Reductions 6.92 12.8 


“NYQ” means not yet quantified, emissions reductions to be quantified during regulatory/SIP 
submission process 


 
The new proposed commitments will require significant further analysis, and additional 
investment for the development and deployment of new technology and equipment 
modifications.  The District and CARB are committed to a robust and transparent public 
rule development process that includes stakeholder, industry, and other-agency input at 
every step possible to ensure feasibility.  After rules are adopted, businesses will need 
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sufficient time to design, finance, and install new controls or modify existing equipment 
to comply with new requirements. 
 
In addition, the District is already implementing highly successful incentive programs in 
the Valley.  Through the above incentive-based measures, the District will be obtaining 
SIP credit for emission reductions achieved through existing programs, as discussed in 
Section 4.2.2.   
 
4.2.1 Adopted District Regulations  
 
4.2.1.1 Rule 2201 (New and Modified Stationary Source Review Rule) 
 
Rule 2201 applies to all proposals for new or modified sources of pollution that must 
obtain a permit from the District.  The rule requires that the proposed emissions from 
any such new or modified equipment be controlled with the Best Available Control 
Technology (BACT), and that large projects offset their increased emissions by 
surrendering emission reduction credits that have been generated by companies that 
have voluntarily reduced their emissions.  Compliance with this rule must be 
demonstrated prior to the District issuing a permit and prior to constructing the new or 
modified source of pollution. 
 
4.2.1.2 Rule 4103 (Open Burning) 
 
The District first adopted Rule 4103 on June 18, 1992, to regulate and coordinate the 
use of open burning while minimizing smoke impacts on the public.  In 2003, California 
Senate Bill (SB) 705 (Florez, 2003) established a schedule to phase out the open 
burning of agricultural material, including consideration of technical and economic 
factors in implementing the phase-out.  As approved by the Governing Board on June 
17, 2021, and approved by CARB on June 18, 2021, the District developed updated 
requirements establishing the near-complete phase-out of remaining open burning by 
January 1, 2025. 
 
4.2.1.3 Rule 4308 (Boilers, Steam Generators, and Process Heaters 0.075 to <2 


MMBtu/hr) 
 
Adopted in 2005 and amended in 2009 and 2013 to include more stringent NOx limits, 
Rule 4308 controls emissions from boilers, steam generators, and process heaters in 
the size range of 0.075 to less than 2 million British thermal units per hour (MMBtu/hr).  
This rule has resulted in more than 93% control of emissions from this source category.  
As a point-of-sale rule, emissions continue to be reduced as consumers replace older 
units with new, low-NOx units. 
 
4.2.1.4 Rule 4311 (Flares) 
 
Rule 4311 limits emissions of NOx, sulfur dioxide (SOx), and volatile organic compound 
(VOC) emissions from the operation of flares in the Valley.  In December 2020, the 
District Governing Board amended Rule 4311 to remove exemptions for non-major 
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source facilities and landfill facilities, and to establish requirements for the installation of 
ultra-low NOx control systems for flares used in oil and gas operations, at landfills, and 
at wastewater treatment facilities.  Operators are required to reduce flaring below 
applicable thresholds, or to install ultra-low NOx flare technology by 2024.  The adopted 
requirements in Rule 4311 are estimated to achieve emission reductions of 0.19 tpd 
NOx, 0.03 tpd PM2.5, and 0.39 tpd VOCs by 2024. 
 
4.2.1.5 Rules 4306/4320 (Boilers, Steam Generators, and Process Heaters >5 


MMBtu/hr) 
 
Rules 4306 and 4320 control emissions from boilers, steam generators, and process 
heaters from a wide range of industries, including but not limited to electrical utilities, 
cogeneration, oil and gas production, petroleum refining, manufacturing and industrial 
processes, food and agricultural processing, and service and commercial facilities.  The 
District Governing Board adopted amendments to Rules 4306 and 4320 in December 
2020 to include lower NOx emissions limits for a variety of unit classes and categories, 
as well as establish dates for the submission of required emission control plans, 
authority to construct applications, and final compliance deadlines.  Overall, the 
amendments are estimated to achieve emission reductions of 0.19 tpd NOx in 2024, 
and additional 0.03 tpd NOx by 2030.  The adopted amendments to Rule 4320 are 
estimated to achieve an additional 0.45 tpd NOx emission reductions in 2024. 
 
4.2.1.6 Rule 4352 (Solid Fuel Fired Boilers, Steam Generators, and Process 


Heaters) 
 
Rule 4352 controls emissions from boilers, steam generators, and process heaters fired 
on a variety of solid fuels: coal, petroleum coke, biomass, tire-derived fuel, and 
municipal solid waste (MSW).  On December 16, 2021, the District Governing Board 
adopted amendments to Rule 4352 to include even more stringent NOx emission limits 
for solid fuel fired boilers, steam generators, and process heaters operating in the 
Valley, as well as establish particulate matter (PM) and SOx emission limits.  The 
compliance schedule would take place over two years, with full compliance with the 
emissions limits required by January 1, 2024.  The adopted amendments to Rule 4352 
are estimated to result in emissions reductions of 0.28 tpd PM2.5 and 0.71 tpd NOx in 
2024. 
 
4.2.1.7 Rule 4354 (Glass Melting Furnaces) 
 
Rule 4354, adopted in 1994 and subsequently amended seven times, is one of the most 
stringent rules in the nation for controlling emissions from industrial glass manufacturing 
plants that make flat glass (window and automotive windshields), container glass 
(bottles and jars), and fiberglass (insulation).  On December 16, 2021, the District 
Governing Board adopted amendments to Rule 4354 to include even more stringent 
NOx, SOx, and particulate matter 10 micrometers in diameter or smaller (PM10) 
emission limits for glass melting facilities operating in the Valley.  The amended rule 
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includes a phased-in compliance schedule which will result in emissions reductions of 
0.13 tpd PM2.5 and 1.67 tpd NOx by 2030. 
 
4.2.1.8 Rule 4550 (Conservation Management Practices) 
 
Rule 4550 is the District’s Conservation Management Practices (CMP) rule.  Rule 4550 
was the first rule of its kind in the nation to reduce fugitive particulate emissions from 
agricultural operations through the reduction of passes of agricultural equipment and 
implementation of other conservation practices.  Rule 4550 uses a menu approach of 
control techniques to accommodate the variability of agricultural industries in the Valley.  
Agricultural operations are required to maintain detailed records verifying use of the 
approved CMPs.  Approved CMP plans are enforced through onsite inspections and 
operators are required to submit applications and modify their plans when changing 
their CMPs.   
 
4.2.1.9 Rule 4702 (Internal Combustion Engines) 
 
Internal combustion (IC) engines are used in a variety of different Valley operations 
including schools, agriculture, oil and gas production, petroleum refining, and electrical 
power generation.  On August 19, 2021, the District Governing Board adopted 
amendments to Rule 4702 to lower emission limits for NOx and VOCs for several 
categories of engines, establish PM requirements for all categories of IC engines 
affected by the rule, and establish SOx control requirements for agricultural engines.  
Compliance with these lower emission limits is required by 2024.  The amendments 
result in emission reductions of 0.62 tpd NOx by 2024, and an additional 0.70 tpd NOx 
by 2030. 
 
4.2.1.10 Rule 4901 (Wood-Burning Fireplaces and Wood-Burning Heaters) 
 
The District takes a multifaceted and proactive approach to reducing emissions from 
wood burning fireplaces and wood burning heaters in the Valley.  Rule 4901 reduces 
emissions from residential burning through stringent curtailment requirements during the 
wood-burning season.  Through the District Residential Woodsmoke Reduction 
Program, the District has declared and enforced episodic wood burning curtailments, 
also called “No Burn” days, since 2003.  The Residential Woodsmoke Reduction 
Program, including regulatory curtailments under District Rule 4901, reduces harmful 
species of PM2.5 when and where those reductions are most needed, in impacted 
urbanized areas when the local weather is forecast to hamper particulate matter 
dispersion.  The District amended Rule 4901 in June 2019, establishing the most 
stringent regulatory curtailments in the nation.  Most recently, the District amended Rule 
4901 on May 18, 2023, to further strengthen contingency provisions and enhance the 
stringency of this rule. 
 
4.2.1.11 Rule 4902 (Residential Water Heaters) 
 
Rule 4902 controls NOx emissions from natural gas-fired residential water heaters with 
heat input rates less than or equal to 75,000 Btu/hr, by enforcing a NOx emissions limit 
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of 40 nanograms of NOx per Joule (ng/J) of heat output.  The District amended Rule 
4902 in 2009 to further reduce emissions by lowering the limit to 10 ng/J for new or 
replacement water heaters and to a limit of 14 ng/J for tankless/instantaneous water 
heaters.  As a point-of-sale rule, emissions will continue to be reduced as older units are 
replaced through attrition.  The 2012 requirements were estimated to achieve 1.06 tpd 
NOx reductions by 2024. 
 
4.2.1.12 Rule 4905 (Natural Gas-Fired, Fan-Type Residential Central Furnaces) 
 
Rule 4905 limits NOx emissions from central furnaces supplied, sold, or installed in the 
Valley with a rated heat input capacity of less than 175,000 Btu/hour.  Amendments in 
January 2015 lowered the NOx emissions limit from 40 ng/J to 14 ng/J with an 
associated sell-through period and emissions fee period to allow manufacturers time to 
develop new compliant furnaces.  Due to the limited number of certified compliant units 
that would have been available by the deadlines set in the 2015 amendment, the rule 
has been amended to extend the emissions fee periods for certain unit types, with 
deadlines ranging from 2019-2025, depending on unit size and category.  As a point-of-
sale rule, emissions will continue to be reduced as older units are replaced through 
attrition.  The 2015 amendments will result in 2.10 tpd NOx reductions by 2045. 
 
4.2.1.13 Rule 9510 (Indirect Source Review) 
 
District Rule 9510 is the only rule of its kind in the state of California and throughout the 
nation that applies to new development projects, including residential and commercial 
development projects, and transportation and transit projects.  The District’s rule is 
recognized as the benchmark, or best available control, for regulating these indirect 
sources of emissions.  The purpose of this rule is to reduce the growth in emissions 
from mobile and area sources associated with construction and operation of new 
development projects in the Valley.  This is achieved by encouraging clean air designs 
to be incorporated into the development project, or, if insufficient emissions reductions 
can be designed into the project, by paying a mitigation fee used to fund off-site 
emissions reduction projects. 
 
4.2.1.14 Rule 9610 (State Implementation Plan Credit for Emission Reductions 


Generated Through Incentive Programs) 
 
Rule 9610, adopted on June 20, 2013, serves as an administrative mechanism for the 
District to receive credit towards SIP requirements for emission reductions achieved in 
the Valley through incentive programs administered by the District, the Natural 
Resources Conservation Service (NRCS), and CARB.  Through program 
implementation and reporting, the goal is to receive credit for incentive-based emission 
reductions that satisfy EPA requirements. 
 
4.2.1.15 Regulation VIII (Fugitive PM10 Prohibitions) 
 
The Regulation VIII rules were adopted in November 2001, and subsequently amended 
in 2004 to incorporate more stringent requirements.  These rules reduce fugitive dust 
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from construction sites, earthmoving activities, parking and staging areas, open areas, 
agricultural operations, carryout and trackout, paved and unpaved roads, and material 
storage sites.   
 
4.2.2 New District Emission Reduction Measures  
 
4.2.2.1 Rule 4550 (Conservation Management Practices) 
 
Rule 4550 was adopted to help bring the Valley into attainment of federal PM10 
standards, and applies to on-field farming and agricultural operation sites located within 
the Valley.  Rule 4550 was the first rule of its kind in the nation to target fugitive 
particulate emissions from agricultural operations, and it has served as a model for 
other regions.  The District worked extensively with numerous stakeholders, growers, 
and the Agricultural Technical Committee for the San Joaquin Valleywide Air Pollution 
Study Agency (AgTech) for two years prior to developing the CMP Rule.  The District 
also worked with agricultural stakeholders and other agencies, such as NRCS, following 
rule adoption to ensure affected sources were assisted as much as possible in 
understanding and complying with the requirements of Rule 4550.  Implementation of 
Rule 4550 by agricultural operations has resulted in the reduction of PM2.5 emissions 
through the reduction of passes of agricultural equipment and implementation of other 
conservation practices.  Through this rule, PM emissions have been reduced by 35.3 
tpd.   


 
While attainment modeling has demonstrated that additional CMPs will not significantly 
contribute to our attainment efforts, to further develop the District’s understanding of the 
effectiveness of CMP measures on controlling PM2.5 emissions in the Valley, the 
District is committing to continue supporting and reviewing scientific research on the 
PM2.5 content, constituents, and stability during wind events of the many soil types 
found throughout the Valley.  This ongoing evaluation will be conducted in close 
coordination with NRCS, agricultural sources, researchers through established 
processes including the San Joaquin Valleywide Air Pollution Study Agency, Policy 
Committee, and AgTech.   
 
Although Rule 4550 already meets BACM and MSM for this source category, the 
District will go beyond MSM in this Plan and is committing to evaluate the feasibility and 
effectiveness of CMPs on fallow lands that are tilled or otherwise worked with 
implements of husbandry to reduce windblown PM2.5 emissions from disturbed 
fallowed acreage.  This evaluation will rely on ongoing review of research, in 
coordination with NRCS, agricultural sources, and researchers, which recognizes the 
Valley’s unique soil characteristics and agricultural practices to ensure that Valley-
specific solutions are considered in this process.  This commitment is being carried over 
from the District’s 2018 PM2.5 Plan.  The District is currently conducting a robust rule 
development process to evaluate these opportunities, working collaboratively with 
industry stakeholders, NRCS, and other agencies to develop proposed rule 
amendments.   
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4.2.2.2 Rule 4901 (Wood Burning Fireplaces and Wood Burning Heaters) 
 
The District’s residential wood burning emission reduction strategy includes wood 
burning curtailments implemented through District Rule 4901 (Wood Burning Fireplaces 
and Wood Burning Heaters), in conjunction with the District’s incentive grant program 
for fireplace and woodstove change-outs, and robust public education and outreach 
efforts.  This approach is designed to improve public health by reducing toxic wood 
smoke emissions in Valley neighborhoods during the peak PM2.5 winter season 
(November through February), and has proven to be extremely effective in advancing 
the District’s objectives to attain the PM2.5 federal standards and protect public health.   
 
While the District meets or exceeds BACM and MSM requirements for this source 
category, given the enormity of reductions needed to demonstrate attainment with the 
2012 annual PM2.5 standard, the District commits to further reduce PM2.5 emissions 
from wood burning fireplaces and heaters by extending the wood burning season 
through March 31. 
 
4.2.2.3 Fireplace and Woodstove Change-Out Program 
 
The District currently operates the Fireplace & Woodstove Change-Out Program 
(formerly known as the Burn Cleaner Program) to reduce emissions from residential 
wood burning.  The Program helps Valley residents replace their current high-polluting 
wood-burning devices and open hearth fireplaces with cleaner alternatives such as 
natural gas or EPA-certified wood/pellet devices, and electric heat pumps.  Through this 
Program, residents reduce directly emitted PM2.5 emissions in areas and times where 
those reductions are needed most.  Given the potentially high cost of these new 
devices, this Program provides a reduced upfront cost to low-income qualified 
applicants to encourage their participation by applying the incentive at point of 
purchase.  In 2022, the District Governing Board approved the latest enhancements to 
the Program, which includes increased incentives for the installation of natural gas or 
electric devices to offset rising prices of device and labor costs due to inflation.  In 
addition to increased incentives, a new component for fireplace decommissioning was 
incorporated into the Program. 
 
The Program has replaced approximately 30,000 wood burning devices with EPA-
certified devices, clean-burning natural gas or electric heat pumps to date.  The District 
encourages Valley residents to transition from older, higher polluting, wood burning 
fireplaces to cleaner alternatives by decreasing the number of allowable burn days for 
these types of devices while also increasing the number of burn days allowed for 
registered clean wood burning devices through the District’s Rule 4901 tiered episodic 
wood burning curtailment program. 
 
On November 28, 2023, EPA finalized approval of the incentive measure into the SIP, 
making the determination that the program complies with CAA requirements.2  


                                            
2 88 FR 83034.  Retrieved from: https://www.govinfo.gov/content/pkg/FR-2023-11-28/pdf/2023-26013.pdf  



https://www.govinfo.gov/content/pkg/FR-2023-11-28/pdf/2023-26013.pdf
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However, as part of the approval, EPA did not include SIP credit for the quantified 
emission reductions achieved by the measure.  The significant emission reductions 
achieved through this successful program contribute towards expeditious attainment of 
the 2012 annual PM2.5 standard and are necessary to demonstrate attainment of the 
standard by 2030.  Therefore, as part of this Plan’s attainment strategy, the District is 
requesting that EPA provide the District SIP credit for the emissions reductions 
achieved by this program.  In addition, the District will be quantifying and requesting SIP 
credit, through the existing quantification methodology approved by EPA, for projects 
completed through 2026.  
 
4.2.2.4 Low-Dust Nut Harvester Replacement Program 
 
Over the past decade, there has been a significant increase in acreage devoted to nut 
crops in the San Joaquin Valley.  Given the highly visible particulate emissions 
associated with nut harvesting activities, the agricultural community, in partnership with 
the District and USDA-NRCS, has been working to develop and promote a variety of 
best practices and new technologies for reducing harvest-related particulate emissions.   
 
While modeling conducted for the District’s Plan indicates that reducing nut harvester 
emissions in rural areas do not significantly impact the Valley’s peak urban PM2.5 
locations that drive the Valley’s federal attainment mandates, the District has prioritized 
identifying cost-effective measures for reducing particulate emissions from this sector.  
Although mobile source emissions are under the jurisdiction of CARB and EPA, in an 
effort to continue to reduce dust and local emissions due to harvesting activities, the 
District, in partnership with CARB, U.S. EPA, USDA-NRCS, and the agricultural sectors, 
have invested in incentivizing the turnover of traditional nut harvesting technology with 
low-dust alternatives.   
 
To support these goals of reducing localized dust emissions from harvesting activities, 
the District Board has long supported efforts to conduct research and evaluate 
technologies to reduce emissions in the Valley, including dust from nut harvesting 
operations.  In line with this priority, the District, in partnership with other agencies and 
the agricultural industry, has conducted studies to demonstrate that low-dust nut 
harvesting technology can be effective at reducing localized PM emissions associated 
with harvesting activities, with results showing reductions of localized PM emissions by 
more than 40%, and in some cases up to nearly 80%.  Additionally, working with 
agricultural stakeholders, a scientific survey was conducted that concluded that a 
significant portion of nut crop growers and custom harvesters were interested in 
demonstrating new lower-emitting harvest technologies if provided with meaningful 
financial incentives. 
 
In 2017, the District Governing Board established the Community-Level Targeted 
Strategy, which led to the development of the first-in-the-nation Low-Dust Nut Harvester 
Replacement Program in partnership with Valley Agriculture.  Through success in 
competing for and leveraging local and federal funds, the District has been successful in 
replacing nut harvesters throughout the Valley with lower-dust alternatives, leading to 
significant emission reductions from these activities, and reducing dust exposure in 
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nearby communities.  The program builds upon more than a decade of significant 
investments made in the San Joaquin Valley to develop low-dust nut harvesting 
technologies and to understand the potential benefits in reducing PM emissions from 
the use of these new technologies.  To date, the District has successfully obligated over 
$20.7 million to replace 241 pieces of nut-harvesting equipment with low-dust nut 
harvesting equipment through the Low-Dust Nut Harvester Replacement Program, 
which has resulted in the reduction of more than 11,000 tons of PM10 and 1,400 tons of 
PM2.5.  Most recently in May 2023, the District Governing Board accepted EPA’s award 
under the Targeted Airshed Grant Program which included an additional $10,000,000 in 
funding to deploy this new equipment, which reflects the District’s ongoing commitment 
and success in working with Valley agriculture to accelerate the deployment of cleaner 
technologies through innovative locally-developed programs.  
 
Additionally, to facilitate the transition to low-dust nut harvesting technology, in April 
2024, based on recommendations from the San Joaquin Valley-wide Air Pollution Study 
Agency AgTech Committee, the District added Low-Dust Nut Harvesters to the 
approved CMP list for Nut Crops.  Through Rule 4550’s menu-based approach, as 
upheld in court, nut farmers may now select to use a low-dust harvester as part of 
complying with the requirements of the Rule.  This represents the District’s latest efforts 
to promote the use of low-dust nut harvesters in the Valley, leading the nation on the 
deployment of this technology. 
 
In order to successfully continue efforts to reduce emissions from harvesting in the San 
Joaquin Valley and achieve ongoing localized community benefits, ongoing discussion 
and evaluation of the challenges and opportunities in the coming years is warranted.  
The San Joaquin Valley has demonstrated tremendous success in developing and 
deploying new technologies for reducing emissions from nut harvesting, and ongoing 
efforts to replace existing nut harvesting equipment and practices with new technology 
must be developed in light of evolving and difficult market conditions that, if not carefully 
considered, could significantly impact the future success of this effort.  To continue 
progress in reducing emissions from nut harvesting, the District will pursue the following 
strategy in close collaboration with industry stakeholders, AgTech, USDA-NRCS, 
CARB, and EPA: 
 


• Evaluate potential enhancements to the District’s emission reduction strategy for 
nut harvesting emissions (Low-Dust Nut Harvester Replacement Incentive 
Program, CMP Program, collaborative outreach efforts, etc.) to continue 
supporting the accelerated deployment of low-dust harvesters.   


• Building on prior successful research efforts conducted in partnership with Valley 
agriculture and agencies, support research efforts aimed at furthering the 
understanding of the amount and type of harvesters operating in the San Joaquin 
Valley, and potential emissions reductions achievable through newly available 
harvester technologies (including evolving practices such as the use of 
conditioning equipment).    


• Continue incentive-based efforts supporting the accelerated deployment of 
cleaner technologies for nut harvesting, including the current allocation of $25 
million in funding for the Low-Dust Nut Harvester Replacement Program in the 
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Adopted 2023-24 District Budget and Recommended 2024-25 District Budget.  
Based on historical program participation, this funding is estimated to facilitate 
the replacement of approximately 350 additional harvesters with low-dust nut 
harvesting equipment. The District will also continue to advocate for additional 
state and federal funding in support of this effort. 
 


4.2.3 Evaluating Control Measures for New Control Strategy Opportunities  
 
The District expended extensive efforts to identify and evaluate potential emission 
reductions opportunities from each control measure source category.  As part of the 
regulatory evaluation, District rules and source categories were compared to federal 
and state air quality regulations and standards, and the regulations and standards in 
other air districts.  District rules and regulations were compared to federal regulations 
and guidance documents including Control Techniques Guidelines (CTG), Alternative 
Control Techniques (ACT),3 and New Source Performance Standards (NSPS).4  
California state regulations, due to regulatory authority, are primarily applicable to 
mobile sources and consumer products.  State regulations also include the California 
Health and Safety Code (CH&SC) and CARB Airborne Toxic Control Measures (ATCM) 
requirements, which are applicable to stationary and area sources.5  The District’s 
regulatory evaluation includes state guidelines that are applicable to the source 
category.   
 
All potential best available control measures (BACM) and most stringent measures 
(MSM) identified through this regulatory evaluation were thoroughly evaluated using the 
key factors defined in EPA’s 2016 Fine Particulate Matter National Ambient Air Quality 
Standards: State Implementation Plan Requirements, to determine if potential 
opportunities qualify as BACM/MSM for the Valley.     
 
In addition to evaluating measures adopted by other air quality agencies, the District 
looked for any control technologies not already required that might be available to 
further reduce emissions from sources of air pollution in the Valley.  This includes new 
technologies and technologies that may not have been cost effective in the past.  The 
technologies used in BACT guidelines; permits; and other air districts’ rules, regulations, 
guidelines, and studies were reviewed for their feasibility, including how commercially 
available the technology currently is and whether the technology has been achieved in 
practice.  Cost effectiveness analyses of various control measures include examining 
the added cost, in dollars per year, of the control technology or technique, divided by 
the emissions reductions achieved, in tons per year.  The District does not have a pre-
determined cost effectiveness threshold, but control options that have extremely high 
costs per ton of pollutant reduced are generally unreasonable and not feasible for 
regulation. 
 
                                            
3 EPA.  Alternative Control Techniques.  Retrieved from: https://www.epa.gov/ground-level-ozone-pollution/control-
techniques-guidelines-and-alternative-control-techniques 
4 EPA.  40 CFR 60 – Standards of Performance for New Stationary Sources (NSPS).  Retrieved from: 
https://www.epa.gov/stationary-sources-air-pollution/new-source-performance-standards  
5 CARB.  Airborne Toxic Control Measures (ATCMs).  Retrieved from: 
https://ww2.arb.ca.gov/resources/documents/airborne-toxic-control-measures   



https://www.epa.gov/ground-level-ozone-pollution/control-techniques-guidelines-and-alternative-control-techniques

https://www.epa.gov/ground-level-ozone-pollution/control-techniques-guidelines-and-alternative-control-techniques

https://www.epa.gov/stationary-sources-air-pollution/new-source-performance-standards

https://ww2.arb.ca.gov/resources/documents/airborne-toxic-control-measures
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Efforts to identify feasible emission reduction opportunities also include the evaluation of 
additional control technologies or practices, if any, not already included in previously 
mentioned BACM/MSM evaluations for the area.  This evaluation process considers any 
emission reduction opportunities that were previously adopted by the District plans that 
were determined to be beyond reasonably available control technology (RACT) at that 
time, and any new emission reduction opportunities adopted in California state 
implementation plans (SIP), SIPs in other states, or achieved in practice in other areas.  
Any potential BACM/MSM identified were then thoroughly evaluated for technological 
and economic feasibility.  In evaluating the technological and economic feasibility of 
potential BACM/MSM, the District reviews staff reports and studies from other air 
districts, EPA technical guidance documents, and applicable study data from the 
scientific community.  The District has evaluated all sectors and equipment types for 
additional emission reduction opportunities, as presented in Appendix C.   
 
This Plan demonstrates that all District rules continue to meet or exceed measures 
identified by the EPA as BACM and MSM as defined above and demonstrated in 
Appendix C.   
 
4.2.4 Implementation of Regulatory Measures   
 
After plan adoption, the District adopts or amends rules per the plan’s regulatory control 
measure commitments.  In these efforts, the District is committed to a transparent public 
process that includes stakeholder, industry, and other-agency input at every step 
possible. 
 


Figure 4-1  Rule Development Process  


 
 
Contrasting the broader plan development effort, the rule development process allows 
greater focus on a single sector or technology area.  Early in the rule development 
process, prior to preparing a draft rule, staff researches technologies and explores 
options for emissions reductions, gathering preliminary data and performing literature 
reviews of relevant studies.  Through a series of public workshops and focus group 
meetings, staff presents draft rule concepts and receives feedback on specific 
technology costs, technical insight, and general public comments.  Staff uses this 
information gathering and discussion to refine the rule throughout the rule development 
process.  Using this iterative process of gathering the most up-to-date cost and 
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technical information, staff analyzes cost-effectiveness and potential emissions 
reductions.  These analyses are shared with the public throughout the rule development 
process.  
 
During the ongoing public workshop process, the District enlists the services of an 
economic consultant to analyze the proposed rule’s socioeconomic impact, pursuant to 
CH&SC Section 40728.5.  As with draft versions of the rule, the District gives the public 
and stakeholders the opportunity to review the analysis and provide further feedback.  
To the extent possible, the District minimizes significant economic and socioeconomic 
impacts by evaluating viable alternatives, adjusting proposed limits, or extending 
compliance schedules. 
 
Staff presents the final draft version of the staff report and proposed rule, including the 
cost-effectiveness analysis, socioeconomic impact report, emissions reductions 
analysis, RACT analysis, and California Environmental Quality Assessment (CEQA), to 
the Governing Board during a public hearing.  The Governing Board ultimately 
determines the balance between air quality improvement and rule impacts when 
adopting proposed rules. 
 
Once adopted, the District forwards the rule through CARB to EPA for inclusion into the 
SIP, as appropriate.  EPA evaluates the rule, determines if the rule meets federal 
requirements, and provides an opportunity for further public comment.  After this review 
and comment period, EPA will amend the SIP to include the new rule, as appropriate. 
 
Beyond the rule development and adoption process, District staff will continue to 
engage the public and affected source operators throughout implementation and 
compliance.  Additionally, District staff continues public outreach and education through 
notifications to stakeholders of the rule adoption, issuance of compliance assistance 
bulletins, and assistance through the District’s Small Business Assistance program.  
 
4.2.5 Areas for Further Study 
 
While the District and CARB’s programs are the most aggressive and innovative in the 
nation, the District is committing to evaluate the next generation of innovative control 
technologies and seek additional emission reduction opportunities across a number of 
stationary and area source sectors, including residential and commercial heating, 
stationary NOx and PM sources, energy and climate change programs, clean 
landscaping equipment and practices, and other innovative measures to pursue 
additional emission reduction opportunities as technologies, practices, and policies 
evolve in the future.  The District identified the following stationary and area source 
sectors and potential measures for further study, which are discussed in more detail 
below.  The District will be evaluating these further study measures through the Plan’s 
attainment year of 2030. 
 


• Residential and Commercial Heating Measures 
• Commercial Charbroiling Measures  
• Stationary Combustion NOx Measures 
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• Stationary Source PM Measures 
• Energy and Climate Change Programs 
• Clean Landscaping Equipment and Practices 
• Other Innovative Measures 


 
4.2.5.1 Residential and Commercial Heating Measures 
 
Many appliances and devices, such as water heaters and furnaces, use natural gas or 
liquefied petroleum gas (fossil fuel) as a fuel source.  These appliances have the 
potential to emit a significant amount of NOx during combustion and VOCs from gas 
leaks.  The District enforces stringent requirements through 4308 (Boilers, Steam 
Generators, and Process Heaters – 0.075 MMBtu/HR to Less Than 2.0 MMBtu/HR), 
District Rules 4902 (Residential Water Heaters), and 4905 (Natural Gas-Fired, Fan-
Type Central Furnaces), to reduce emissions from these source categories.  In addition 
to reducing emissions from this source category through regulatory requirements, the 
District offers incentives through the Fireplace and Woodstove Change-Out Program to 
purchase and install cleaner space-heating devices such as heat pumps.   
 
Zero-NOx alternatives to natural gas-fired appliances are currently available through 
electric options such as the aforementioned heat pump space heaters, but also heat 
pump water heaters.  However, a number of barriers have prevented widespread 
electrification throughout the Valley, state, and nation.  Important factors that must be 
considered before implementing zero-NOx appliance standards include technical 
feasibility, costs and affordability, power supply and grid capacity, and consumer 
acceptance, adoption, awareness, and readiness.  There are considerable economic 
barriers to adopting a zero-NOx appliance standard that would require electrification, 
particularly with respect to lower income households, given the significantly higher 
upfront costs associated with electrical infrastructure upgrades and the devices 
themselves.  Infrastructure upgrades include new electrical panels with increased 
amperage breakers and heavier, lower gauge, wiring run through the structure to 
support the devices.  Careful equity considerations must be taken into account as new 
measures are developed, and the District must evaluate the specific economic 
challenges that exist for Valley residents.  Additionally, a concerted effort is needed 
across all levels of government, utilities, appliance manufacturers, developers, 
contractors, households, and businesses to achieve this goal successfully and 
equitably.   
 
Over 70 California cities and counties have adopted local ordinances requiring varying 
degrees of electrification for new buildings.  The first of these ordinances, passed in the 
City of Berkeley in August 2019, enacted a building code prohibiting natural gas piping 
into new buildings.  However, this ordinance was invalidated when the U.S. Ninth Circuit 
Court of Appeals held that the ban on natural gas was preempted by federal energy 
efficiency laws, setting precedent that blocks local government from using similar bans.6  


                                            
6 U.S. Courts for the Ninth Circuit.  California Restaurant Association v. City of Berkeley.  Retrieved from: 
https://www.ca9.uscourts.gov/cases-of-interest/california-restaurant-association-v-city-of-berkeley/  



https://www.ca9.uscourts.gov/cases-of-interest/california-restaurant-association-v-city-of-berkeley/
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Following the ruling, a number of cities and counties with adopted natural gas bans 
have suspended enforcement of their ordinances.   
 
In an effort to identify potential emission reduction opportunities, the District’s 2022 Plan 
for the 2015 8-Hour Ozone Standard (2022 Ozone Plan) included a further study 
commitment to evaluate current and upcoming work from CARB and other agencies 
related to reducing emissions from residential and commercial combustion sources, and 
to evaluate the feasibility of implementing a zero-NOx standard for these sources in the 
Valley.  Through this effort, the District will also evaluate opportunities to advocate for 
funding under the Inflation Reduction Act (IRA), Bipartisan Infrastructure Law, and other 
funding sources, which are prioritizing funding opportunities for electrification of 
appliances to reduce greenhouse gas (GHG) emissions.  The District will continue to 
closely track regulations being developed by CARB, South Coast Air Quality 
Management District (SCAQMD), Bay Area Air Quality Management District 
(BAAQMD), and others.   
 
The District continues to support CARB in the development and implementation of a 
statewide zero-NOx appliances measure, as it will result in direct air quality and public 
health benefits for the Valley.  Additionally, as part of this Plan, the District commits to 
further evaluating potential opportunities to reduce NOx emissions from natural gas 
building appliances in the Valley.  As part of this evaluation, the District will consider the 
implementation of zero-NOx requirements earlier than CARB’s statewide measure, to 
the extent that measures are technologically and economically feasible in the Valley.  
The District will collaborate with utilities, agencies, and organizations to help leverage 
funding and coordinate incentives with existing programs. 
 
4.2.5.2 Commercial Charbroiling Measures 
 
District Rule 4692 reduces PM emissions by requiring catalytic oxidizers for chain-
driven charbroilers, including those used in many typical fast-food restaurants.  Rule 
4692 is among the most stringent rules in the nation for controlling emissions from 
commercial charbroiling operations.  The original rule, adopted in March 2002, reduced 
PM2.5 emissions from chain-driven charbroilers by 84%.  The September 2009 rule 
amendment expanded rule applicability to more chain-driven charbroilers.  Rule 4692 
has been fully implemented since 2011.  
 
In addition to the existing emissions reductions already achieved through control 
requirements for chain-driven commercial charbroilers, the District continues to seek to 
achieve additional emission reductions from commercial underfired charbroilers.  While 
there are ongoing improvements in the technology available for commercial cooking 
emissions, many technological and economic challenges remain, specifically for 
underfired charbroilers, as detailed in Appendix C. 
 
The need to reduce PM2.5 from commercial charbroiling continues to grow as EPA 
promulgates more stringent PM2.5 NAAQS.  The lack of commercially available and 
feasibly demonstrated control technologies has been the primary barrier in moving 
forward with control strategies for reducing emissions from restaurants equipped with 
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commercial charbroilers.  Other air districts in California and other regions have 
encountered similar difficulties in identifying and requiring emissions control 
technologies for underfired charbroilers.  Based on the importance of underfired 
charbroiling emissions as it relates to attainment of the federal PM2.5 standards in the 
future, collaborative work is needed to further understand the emissions from underfired 
charbroiling, including potential control strategy opportunities to reduce emissions from 
this category. 
 
The District has previously collaborated with other agencies including CARB, SCAQMD, 
and BAAQMD to evaluate and implement control strategies for underfired charbroilers.  
While significant work has been done, to date, barriers still exist to the commercial 
deployment of underfired charbroiler technology. 
 
The District has recently formed the Charbroiler Collaborative Workgroup, consisting of 
the District, SCAQMD, BAAQMD, and CARB, to assist in overcoming all obstacles, 
including costs and emissions control issues preventing widespread control of 
underfired charbroilers.  Through this collaborative and internally, the District commits to 
ongoing evaluation of potential controls for underfired charbroilers.   
 
4.2.5.3 Stationary Combustion NOx Measures 
 
The District’s current NOx control measures, coupled with the rule-strengthening 
commitments included in this Plan, represent the most stringent measures feasible for 
stationary combustion sources in the Valley.  The District’s regulations have reduced 
NOx emissions from stationary sources by over 93%, and the commitments included in 
this Plan to strengthen regulatory measures for stationary gas turbines and boilers, 
steam generators, and process heaters, will further reduce NOx emissions that 
contribute to PM2.5 formation in the Valley.  
 
Although the District is currently implementing stringent regulations for stationary 
combustion sources throughout the Valley, technology continues to evolve and improve, 
resulting in significant advancements in performance and NOx removal efficiencies.  
The District will continue to evaluate the feasibility and potential of emerging 
technologies, including zero-emission technologies, as they become available through 
the Plan’s attainment year of 2030.   
 
4.2.5.4 Stationary Source PM Measures 
 
The District’s current stationary source control program, further strengthened by the 
commitments included in this Plan, represents one of the most stringent stationary 
source control programs in the nation, including wide-ranging controls for PM.  In 
addition to the commitments to expand control requirements and enhance incentive 
programs for residential and commercial sources of PM, the District will continue to 
evaluate the feasibility and potential of emerging technologies, including zero-emission 
technologies, as they become available through the Plan’s attainment year of 2030.   
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4.2.5.5 Energy and Climate Change Programs 
 
Federal, state, and local mandates and programs aim to reduce GHG emissions and 
energy usage, and improve energy efficiency.  The District’s traditional air quality 
strategies focus on regulatory measures to reduce emissions of criteria air pollutants 
(NOx, VOC, PM2.5, etc.).  However, in an effort to pursue all available opportunities, the 
District will continue to identify opportunities to gain co-benefits from existing and future 
programs related to greenhouse gas reductions, energy efficiency, energy usage, and 
other climate change initiatives, and seek opportunities to provide incentive funding to 
promote building decarbonization throughout the Valley.  In particular, there are 
unprecedented funding opportunities through the Bipartisan Infrastructure Law,7 which 
provides $550 billion over fiscal years 2022 through 2026 in new federal investment in 
infrastructure, and the IRA,8,9 which seeks to reduce GHG emissions and energy usage 
through tax credits or rebates.  The District will collaborate with federal, state, and local 
air districts and other agencies to identify and evaluate opportunities, including 
advocating for incentives from state and federal sources. 
 
4.2.5.6 Clean Landscaping Equipment and Practices  
 
The District has long supported efforts to address emissions from the use of 
landscaping equipment, including through the deployment of clean zero-emissions 
equipment under the Clean Green Yard Machines (CGYM) Residential Rebate Program 
and Zero-Emission Landscaping Equipment (ZELE) Voucher Program, which provide 
funding for the replacement of old gas-powered lawn and garden equipment with new 
electric equipment.  The Residential CGYM program, launched in 2001, provides 
rebates to San Joaquin Valley residents through the below two options. This program 
has issued over 15,000 rebates for electric lawn care equipment for a total of over $2.7 
million in funding.   
 


• Option 1: Replacing an old gas-powered lawn mower with a new electric lawn 
mower, and requiring the permanent destruction/dismantling of the old lawn 
mower. 


• Option 2: Purchasing eligible new electric lawn and garden equipment such as 
lawn mowers, hedge trimmers, edgers, string trimmers, pole saws and 
chainsaws.  Applicants are not required to destroy/dismantle an old piece of 
equipment under this option. 


 
In May 2019, the District launched the Commercial CGYM Program to assist 
commercial operators with the purchase of new electric landscaping equipment.  To 
further support the program, the District applied for and was awarded over $6 million in 
state funding in 2022.  With this additional funding, the Commercial CGYM program was 
                                            
7 Congress.  H.R.3684 - Infrastructure Investment and Jobs Act (IIJA).  (November 15, 2021).  Retrieved from: 
https://www.congress.gov/117/bills/hr3684/BILLS-117hr3684enr.pdf  
8 Congress.  H.R.5376 - Inflation Reduction Act of 2022.  (August 16, 2022).  Retrieved from: 
https://www.congress.gov/bill/117th-congress/house-bill/5376/text  
9 The White House.  By the Numbers: The Inflation Reduction Act.  (August 15, 2022).  Retrieved from: 
https://www.whitehouse.gov/briefing-room/statements-releases/2022/08/15/by-the-numbers-the-inflation-reduction-
act/ 



https://www.congress.gov/117/bills/hr3684/BILLS-117hr3684enr.pdf

https://www.congress.gov/bill/117th-congress/house-bill/5376/text

https://www.whitehouse.gov/briefing-room/statements-releases/2022/08/15/by-the-numbers-the-inflation-reduction-act/

https://www.whitehouse.gov/briefing-room/statements-releases/2022/08/15/by-the-numbers-the-inflation-reduction-act/
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relaunched as the ZELE Voucher program in May 2023 to streamline the administration 
of the program and align its implementation with state guidelines.   
 
Through the ZELE Voucher program, funding is provided to commercial landscaping 
equipment operators through a voucher process.  As part of the program requirements, 
applicants must replace their existing, in-use gas-powered landscaping equipment with 
zero-emission electric options, and the old equipment must be rendered permanently 
inoperable by a licensed dismantling facility.  In addition to new equipment, ZELE 
vouchers can be used to purchase batteries and/or chargers necessary to ensure that 
the equipment is capable of operating a full day of work.  Since the launch of the ZELE 
Voucher Program, the District has awarded 924 vouchers for a total of over $2.3 million 
in funding (as of March 31, 2024). 
 
Existing CARB and EPA emission standards for small off-road engines (SORE), which 
primarily includes lawn and garden equipment, have led to substantial emission 
reductions in California.  Since 2000, emissions of pollutants that contribute to ozone 
and PM2.5 formation from SORE have decreased by 50 percent.  Even so, in California, 
SORE emit more NOx and reactive organic gases (ROG) than light-duty passenger 
cars, both in summer and annually.10  However, recently amended SORE regulations 
approved by CARB in December 2021 require most newly manufactured SORE engines 
be zero-emission starting in 2024, which will help achieve further emission reductions 
from lawn and garden equipment.11 
 
In light of new opportunities, the District will work with landscaping services and local 
jurisdictions to pursue options for accelerating the deployment of newly available 
commercial zero-emissions equipment, promoting landscaper training and green 
certification programs, and promoting best practices to reduce exposure through 
episodic and zoning recommendations (e.g. limiting leaf blower use around children 
during school hours, “green zones”).  
 
4.2.5.7 Other Innovative Measures 
 
The District will continue to evaluate innovative, out of the box measures to pursue 
additional emission reduction opportunities as technologies, practices, and policies 
evolve in the future.  These measures could include enhancements to the District’s 
public outreach and communication strategy and continued support of enhanced forest 
management strategies for wildfire prevention in the context of unprecedented funding 
at the state and federal level and State/Federal Roadmap to a Million Acres (RMA). 
 


                                            
10 CARB.  Staff Report: Initial Statement of Reasons for the Proposed Amendments to the Small Off-Road Engine 
Regulations: Transition to Zero Emissions.  (October 12, 2021).  Retrieved from: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2021/sore21/isor.pdf  
11 CARB.  CARB approves updated regulations requiring most new small off-road engines be zero emission by 2024.  
(December 9, 2021).  Retrieved from: https://ww2.arb.ca.gov/news/carb-approves-updated-regulations-requiring-
most-new-small-road-engines-be-zero-emission-2024  



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2021/sore21/isor.pdf

https://ww2.arb.ca.gov/news/carb-approves-updated-regulations-requiring-most-new-small-road-engines-be-zero-emission-2024

https://ww2.arb.ca.gov/news/carb-approves-updated-regulations-requiring-most-new-small-road-engines-be-zero-emission-2024
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4.3 CARB COMMITMENT FOR THE SAN JOAQUIN VALLEY  
 


[Section provided by the California Air Resources Board] 
 
4.3.1 Overview of Commitment 
 
SIPs may contain enforceable commitments to achieve the level of emissions 
necessary to meet federal air quality standards, as defined by the attainment 
demonstration. CARB’s 2022 State Strategy for the State Implementation Plan (2022 
State SIP Strategy) lists new SIP measures for which potential emissions reduction SIP 
commitments for the San Joaquin Valley in 2030 are now estimated based on the 
measures identified and quantified to date.  Adoption of the 2022 State SIP Strategy 
and the measure schedule by the CARB Board on September 22, 2022 formed the 
basis of the commitments for emission reductions by the 2030 attainment deadline for 
the San Joaquin Valley that will be proposed for CARB Board consideration alongside 
the 2024 San Joaquin Valley PM2.5 Plan.  The commitments consist of two 
components: 
 


1. A commitment to bring an item to the CARB Board for defined new measures or 
take other specified actions within CARB’s authority; and 


2. A commitment to achieve aggregate emission reductions by specific dates. 
 
As part of each SIP needing emission reductions from the State, the total aggregate 
emission reductions and the obligation to make certain proposals to the CARB Board or 
take other actions within CARB’s authority specified in the 2022 State SIP Strategy 
would become enforceable upon approval by U.S. EPA.  While the 2022 State SIP 
Strategy discusses a range of measures and actions, those measures and actions are 
still subject to CARB’s formal approval process and would not be final until the CARB 
Board takes action. 
 
4.3.1.1 Commitment to Act on Measures 
 
For each of the SIP measures shown in Table 4-4, CARB committed in the 2022 State 
SIP Strategy to address each measure as described.  For each measure committed to, 
CARB staff would undertake the actions detailed for each measure.  In the instance of 
measures that involve the development of a rule under CARB’s regulatory authority, 
CARB committed to bring a publicly noticed item before the CARB Board that is either a 
proposed rule, or is a recommendation that the CARB Board direct staff to not pursue a 
rule covering that subject matter at that time.  This recommendation would be based on 
an explanation of why such a rule is unlikely to achieve the relevant emission reductions 
in the relevant timeframe, and would include a demonstration that the overall aggregate 
commitment will be achieved despite that rule not being pursued.  This public process 
and CARB hearing would provide additional opportunity for public and stakeholder 
input, as well as ongoing technology review, and assessments of costs and 
environmental impacts.  
 



https://ww2.arb.ca.gov/sites/default/files/2022-08/2022_State_SIP_Strategy.pdf
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The measures, as proposed by staff to the CARB Board or adopted by the CARB 
Board, may provide more or less than the initial emission reduction estimates.  In 
addition, action by the CARB Board may include any action within its discretion. 
 


Table 4-4  2022 State SIP Strategy Measures and Schedule 
Measure Action Implementation 


Begins 
On-Road Heavy-Duty 
Advanced Clean Fleets Regulation 2023 2024 
Zero-Emissions Trucks Measure 2028 2030 
On-Road Light-Duty 
Clean Miles Standard 2021 2023 
Off-Road Equipment  
Tier 5 Off-Road Vehicles and Equipment 2025 2029 
Amendments to the In-Use Off-Road Diesel-Fueled Fleets 
Regulation 2022 2024 


Transport Refrigeration Unit Regulation Part 2 2026 2028 
Commercial Harbor Craft Amendments 2022 2023 
Cargo Handling Equipment Amendments 2027 2030 
Other 
Zero-Emission Standard for Space and Water Heaters 2025 2030 
Primarily-Federally and Internationally Regulated Sources – CARB Measures 
In-Use Locomotive Regulation 2023 2024 


 
4.3.1.2 Commitment to Achieve Emission Reductions 
 
The following section describes the estimated emission reduction and potential 
commitment from the SIP measures identified and quantified to date for the San 
Joaquin Valley.  The aggregate commitment of emissions reductions from State sources 
to be proposed for CARB Board consideration will be found in CARB’s staff report for 
the 2024 San Joaquin Valley PM2.5 Plan when it is brought to the CARB Board and is 
summarized below. 
 
While CARB includes estimates of the emission reductions in 2030 from each of the 
individual new measures, CARB’s overall commitment is to achieve the total emission 
reductions necessary from State-regulated sources to attain the federal air quality 
standards, reflecting the combined reductions from the existing control strategy and new 
measures.  Therefore, if a particular measure does not get its expected emission 
reductions, the State’s overall commitment to achieving the total aggregate emission 
reductions still exists.  If actual emission decreases occur that exceed the projections 
reflected in the current emission inventory, CARB will submit an updated emissions 
inventory to U.S. EPA as part of a SIP revision.  The SIP revision would outline the 
changes that have occurred and provide appropriate tracking to demonstrate that 
aggregate emission reductions sufficient for attainment are being achieved through 
enforceable emission reduction measures.  CARB’s emission reduction commitments 
may be achieved through a combination of actions including but not limited to the 
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implementation of control measures; the expenditure of local, State or federal incentive 
funds; or through other enforceable measures.  
 
4.3.2 Emissions Reductions 
 
CARB’s control programs, including the measures in the 2022 State SIP Strategy 
provide emission reduction benefits throughout the State.  Although the existing control 
program will provide mobile source emission reductions necessary to meet the 
attainment needs of many areas of the State, the remaining measures from CARB’s 
2016 State Strategy for the State Implementation Plan (2016 State SIP Strategy) and 
new measures in the 2022 State SIP Strategy are needed to provide further reductions 
to achieve the 12 ug/m3 PM2.5 annual standard in the San Joaquin Valley and enhance 
statewide air quality progress towards the 9 ug/m3 annual PM2.5 standard promulgated 
in 2024.  
 
4.3.2.1 Emission Reductions from Current Programs 
 
Table 4-5 provides the mobile source emissions under CARB and district current 
programs for the San Joaquin Valley.  Ongoing implementation of current control 
programs is projected to reduce mobile source emissions of direct PM2.5 and NOx by 
3.2 tpd and 115.7 tpd, in San Joaquin Valley in 2030 compared to 2017 levels, 
respectively.  Achieving the benefits projected from the current control program will 
continue to require significant efforts for implementation and enforcement and thus 
represents an important element of the overall strategy. 
 


Table 4-5  San Joaquin Valley Baseline Mobile Source Emissions12 
Pollutant 2017 Emissions 


(tpd) 
2030 Emissions 


(tpd) Change 


PM2.5 8.4 5.2 -38% 
NOx 191.4 75.7 -60% 


 
4.3.2.2 Emission Reductions from 2022 State SIP Strategy Measures  
 
In addition to controlling direct PM2.5, air quality modeling has determined that NOx is a 
significant precursor for the 12 ug/m3 annual PM2.5 standard in the San Joaquin Valley.  
Air quality modeling indicates that both direct PM2.5 and NOx emissions from all 
sources in San Joaquin Valley will need to decrease in order to attain the 12 ug/m3 
annual PM2.5 standard in 2030.  A significant fraction of the needed reductions will 
come from the existing control program already in the baseline emission inventory.  In 
addition, as described below, one measure commitment included in the 2016 State SIP 
Strategy has not yet been acted upon, and a number of measure commitments included 
in both the 2016 and 2022 State SIP Strategies were very recently adopted and are 
thus not yet in the baseline emissions inventory, as outlined in Table 4-7 and Table 4-8 
below.  
 
                                            
12 Source: 2022 PM2.5 CEPAM v1.00; represents the current baseline emissions with adopted CARB and district 
measures 



https://ww2.arb.ca.gov/sites/default/files/classic/planning/sip/2016sip/rev2016statesip.pdf





San Joaquin Valley Air Pollution Control District  June 20, 2024 


4-24  Chapter 4:  Attainment Strategy 
2024 Plan for the 2012 Annual PM2.5 Standard 


The measures contained in the 2022 State SIP Strategy commitment reflect a variety of 
State actions across on-road and off-road vehicle and appliance sectors.  Collectively, 
emissions reductions from CARB’s current control program, reductions from the 2016 
and 2022 State SIP Strategy measures adopted but not yet in the baseline, reductions 
from the remaining 2016 State SIP Strategy measures, and reductions estimated from 
the future measures identified in the 2022 State SIP Strategy and quantified below will 
provide the reductions needed from State sources to support attainment of the 12 ug/m3 
annual PM2.5 standard in the San Joaquin Valley.  Table 4-6, Table 4-7, Table 4-8, and 
Table 4-9 summarize the reductions from the identified and quantified measures.  In 
Table 4-6, the reductions estimated from the remaining 2016 State SIP Strategy 
measure and future measures identified in the 2022 State SIP Strategy are included as 
CARB’s aggregate emissions reductions commitment for the year 2030. 
 
Table 4-6  2030 San Joaquin Valley Emissions Reductions from CARB Programs13 


CARB Programs in San 
Joaquin Valley 


2030 
NOx (tpd) 


2030 
PM2.5 (tpd) 


Current Mobile Source Control 
Program14 115.6 3.2 


2016 and 2022 State SIP 
Strategy Measures Adopted (Not 
yet in baseline inventory) 


12.9 0.5 


CARB Aggregate Emissions 
Reductions Commitment 7.3 0.2 


2016 State SIP Strategy Measure 
Remaining 3.0 <0.1 


2022 State SIP Strategy 
Measures Remaining 4.3 0.2 


Total Reductions 136.0 3.9 
 
Table 4-7 reflects the 2016 and 2022 State SIP Strategy measure commitments that the 
CARB Board has recently adopted.  The associated emissions reductions from these 
recently adopted measures are not yet all accounted for in the baseline emissions 
inventory.  Nonetheless, CARB measure commitments are achieving emissions 
reductions and will contribute towards attainment of the 12 ug/m3 annual PM2.5 
standard in San Joaquin Valley in 2030. 
 


                                            
13 Numbers may not add up due to rounding. 
14 Current Control Program represents the current baseline emissions with adopted CARB and district measures 
(Source 2022 PM2.5 CEPAM v1.00) 
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Table 4-7  San Joaquin Valley Expected Emissions Reductions from 2016 and 
2022 State SIP Strategy Recently Adopted Measures15 


Adopted 2016 and 2022 State SIP Strategy Measures 2030  
NOx (tpd) 


2030  
PM2.5 
(tpd) 


On-Road Heavy-Duty   
Advanced Clean Fleets Regulation 1.6 <0.1 
Total On-Road Heavy-Duty Reductions 1.6 <0.1 
On-Road Light-Duty   
Advanced Clean Cars II 0.3 0.1 
Clean Miles Standard <0.1 <0.1 
Total On-Road Light-Duty Reductions 0.3 0.1 
Off-Road Equipment    
Amendments to the In-Use Off-Road Diesel-Fueled Fleets Regulation 1.4 0.1 
Commercial Harbor Craft Amendments <0.1 <0.1 
Transport Refrigeration Unit Part I 0.2 <0.1 
Total Off-Road Equipment Reductions 1.6 0.1 
Primarily-Federally and Internationally Regulated Sources – CARB 
Measures   


In-Use Locomotive Regulation 9.2 0.2 
Total Primarily-Federally and Internationally Regulated Sources – CARB 
Measures Reductions 9.2 0.2 


Emissions Reductions 12.9 0.5 
 
Although most of the CARB measure commitments from the 2016 State SIP Strategy 
have been adopted, there remains the Zero-Emission Forklift measure which will be 
acted upon by the CARB Board in 2024.  In addition, there is one other measure 
commitment from the San Joaquin Valley Supplement to the 2016 State Strategy to the 
State Implementation Plan, the Accelerated Turnover of Agricultural Equipment 
measure, for which CARB has estimated reductions in 2030. While CARB adopted a 
SIP-creditable incentive measure to fulfill this commitment in 2019, CARB staff 
proposes to develop another SIP-creditable incentive measure to fully document the 
incentive projects from this Accelerated Turnover of Agricultural Equipment measure 
that provide for SIP credible emissions reductions in the 2030 attainment year.  The 
2030 quantification of these projects will be brought to the CARB Board for 
consideration in 2030.  Table 4-8 below shows the timeline and anticipated emission 
reductions for these measures. 
 


                                            
15 Numbers may not add up due to rounding. 



https://ww2.arb.ca.gov/sites/default/files/classic/planning/sip/2016sip/valleystrategy.pdf?_ga=2.109932037.1620902974.1712106482-927191194.1614915013

https://ww2.arb.ca.gov/sites/default/files/classic/planning/sip/2016sip/valleystrategy.pdf?_ga=2.109932037.1620902974.1712106482-927191194.1614915013
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Table 4-8  San Joaquin Valley Reductions from Remaining 2016 State SIP 
Strategy Measures16 


Remaining 2016 
State SIP 
Strategy 
Measure 


Action Implementation 
Begins 


2030 
NOx (tpd) 


2030 
PM2.5 (tpd) 


Zero-Emission 
Forklift 2024 2026 <0.1 <0.1 


Accelerated 
Turnover of 
Agricultural 
Equipment 


2030 Ongoing 3.0 NYQ 


Total   3.0 <0.1 
 
Finally, Table 4-9 reflects the CARB measures from the 2022 State SIP Strategy still to 
be brought to the CARB Board for consideration that will provide the final 4.3 tpd of NOx 
and 0.2 tpd of direct PM2.5 emissions reductions needed from State measures to 
support attainment of the 12 ug/m3 annual PM2.5 standard in San Joaquin Valley in 
2030.  
 


Table 4-9  San Joaquin Valley Expected Emissions Reductions from the 
Remaining 2022 State SIP Strategy Measures17 


Remaining 2022 State SIP Strategy Measures 2030  
NOx (tpd) 


2030  
PM2.5 (tpd) 


On-Road Heavy-Duty   
Zero-Emissions Trucks Measure 1.1 <0.1 
Total On-Road Heavy-Duty Reductions 1.1 <0.1 
Off-Road Equipment    
Tier 5 Off-Road Vehicles and Equipment 0.6 <0.1 
Transport Refrigeration Unit Part 2 1.3 <0.1 
Cargo Handling Equipment Amendments <0.1 <0.1 
Total Off-Road Equipment Reductions 2.0 <0.1 
Other   
Zero-Emission Standard for Space and Water Heaters 1.1 0.1 
Total Other Reductions 1.1 0.1 
Emissions Reductions 4.3 0.2 


 
4.3.3 CARB Measures 
 
4.3.3.1 On-Road Heavy-Duty 
 
4.3.3.1.1 Advanced Clean Fleets Regulation 
 
The Advanced Clean Fleets Regulation was adopted by CARB on April 27, 2023.  This 
measure accelerates zero-emission vehicle (ZEV) adoption in the medium- and 
heavy-duty sectors by setting zero-emission requirements for fleets and a 100% ZEV 
sales requirement in California for manufacturers of Class 2b through 8 vehicles starting 


                                            
 
17 Numbers may not add up due to rounding. 
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in 2036.  The Advanced Clean Fleets Regulation focuses on strategies that ensure the 
cleanest vehicles are deployed by government, business, and other entities in California 
while meeting their transportation needs.  The requirements are phased-in on varying 
schedules for different fleets including drayage trucks, high priority private and federal 
fleets, and state and local government fleets.  All drayage trucks operating at seaports 
and intermodal railyards are required to be zero-emission by 2035.  Drayage trucks also 
have new registration and reporting requirements, starting in 2023.  High priority private 
and federal fleets must only add ZEVs or near-zero-emission vehicles with minimum all 
electric range to the California fleet starting January 1, 2024.  However, to provide 
flexibility, these fleets may opt into the ZEV milestone schedule which is a ZEV phase-in 
as a percentage of the California fleet and targets vehicles that are well suited for 
electrification starting in 2025.  State and local government fleets are required to phase-
in a ZEV purchase requirement starting at 50% of new purchases in 2024 and 100% 
starting in 2027 or these fleets may opt into the ZEV milestone schedule. 
 
4.3.3.1.2 Zero-Emission Trucks Measure 
 
This measure would increase the number of ZEVs and require cleaner engines to 
achieve emissions reductions from fleets that are not affected by the Advanced Clean 
Fleets Regulation.  This would include potential zero-emissions zone concepts around 
warehouses and sensitive communities if CARB is given new authority to enact indirect 
source rules in combination with strategies to upgrade older trucks to newer and cleaner 
engines.  This would be a transitional strategy to achieve zero-emissions medium- and 
heavy-duty vehicles everywhere feasible by 2045.  
 
4.3.3.2 On-Road Light-Duty 
 
4.3.3.2.1 Clean Miles Standard 
 
The Clean Miles Standard was adopted by CARB on May 20, 2021.  The primary goals 
of this measure are to reduce GHG emissions from ride-hailing services offered by 
transportation network companies (TNCs) and promote electrification of the fleet by 
setting an electric vehicle mile target, while achieving criteria pollutant co-benefits.  
TNCs would be required to achieve zero grams CO2 emissions per passenger mile 
traveled and 90% electric VMT by 2030.  
 
4.3.3.3 Off-Road Equipment 
 
4.3.3.3.1 Tier 5 Off-Road Vehicles and Equipment 
 
This measure would reduce NOx and particulate matter (PM) emissions from new 
off-road compression-ignition (CI) engines by adopting more stringent exhaust 
standards for all power categories, including those that do not currently utilize exhaust 
aftertreatment such as diesel particulate filters and selective catalytic reduction.  This 
measure would be more stringent than required by current CARB, U.S. EPA and 
European Stage V nonroad regulations and would require the latest generations of 
emission control technologies. 
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For this measure, CARB staff would develop and propose standards for new off-road CI 
engines including the following: lower PM standards for engines less than 19 kilowatt 
(kW) (25 horsepower [hp]), lower NOx and PM standards for engines greater than or 
equal to 19 kW (25 hp) and less than 56 kW (75 hp), and more stringent aftertreatment-
based PM and NOx standards for engines greater than or equal to 56 kW (75 hp).  
Other possible elements include new manufacturer-based in-use testing requirements, 
proposing more representative useful life periods, and developing a low load 
certification test cycle.  It is expected that this comprehensive offroad Tier 5 regulation 
would rely heavily on technologies that manufacturers are developing to meet the 
recently approved low NOx standards and enhanced in-use requirements for on-road 
heavy-duty engines. 
 
4.3.3.3.2 Amendments to the In-Use Off-Road Diesel-Fueled Fleets Regulation 
 
The amendments to the In-Use Off-Road Diesel-Fueled Fleets Regulation were adopted 
by CARB on November 17, 2022.  This measure further reduces NOx and PM 
emissions from the in-use off-road diesel equipment sector by adopting more stringent 
requirements that target the oldest and dirtiest equipment that were previously allowed 
to operate indefinitely.  
 
The amendments include a phase out schedule for most Tier 0, 1, and 2 engines 
between 2024 and 2036.  This will allow a 12-year phase out of these oldest engines.  
Along with the engine tier phase out, adding vehicle provisions in the current regulation 
are extended to phase in a restriction on the adding of vehicles with Tier 3 and Tier 4 
interim engines to fleets.  The amendments also include new requirements for fleets to 
use renewable diesel (with some limited exemptions), new contracting requirements for 
prime contractors and public works awarding bodies to increase the enforceability and 
awareness of the regulation, and two optional flexibility provisions for fleet adoption of 
zero-emission vehicles.  Additional modifications include clarifications to 
implementation, sunset of year-by-year low use, the addition of flexibility to permanent 
low-use, and the sunset of a provision that would have allowed small fleets to continue 
to operate vehicles that could not be retrofitted with a verified diesel emission control 
strategy indefinitely. 
 
4.3.3.3.3 Transport Refrigeration Unit Regulation Part 2 (Non-Truck TRUs) 
 
This measure is the second part of a two-part rulemaking to transition diesel-powered 
transport refrigeration units (TRUs) to zero-emission technologies.  This measure would 
require zero-emission equipment for non-truck TRUs (trailer TRUs, domestic shipping 
container TRUs, railcar TRUs, and TRU generator sets). 
 
4.3.3.3.4 Commercial Harbor Craft Amendments 
 
The amendments to the Commercial Harbor Craft Regulation were adopted by CARB 
on March 24, 2022.  The amended regulation requires that starting in 2023 and phasing 
in through 2031, most commercial harbor crafts (CHCs) (except for commercial fishing 
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vessels and categories listed below) are required to meet the cleanest possible 
standard (Tier 3 or 4) and retrofit with diesel particulate filters (DPFs) based on a 
compliance schedule.  The prior regulated CHC categories are ferries, excursion, crew 
and supply, tug/tow boats, barges, and dredges.  The amendments impose in-use 
requirements on the rest of vessel categories except for commercial fishing vessels, 
including workboats, pilot vessels, commercial passenger fishing, and all barges over 
400 feet in length or otherwise meeting the definition of an ocean-going vessel.  The 
amendments require engines on new build commercial fishing vessels to meet the most 
stringent marine standards (Tier 3 or Tier 4) or Tier 4 Final off-road emission standards.  
The amendments also remove the exemption for engines less than 50 hp.  
 
The regulation also requires that, starting in 2025, all new and newly acquired excursion 
vessels to be plug-in hybrid vessels that are capable of deriving 30% or more of 
combined propulsion and auxiliary power from a zero-emission tailpipe emission source.  
Starting in 2026, all new, newly acquired and in-use short run ferries are required to be 
zero-emission; and starting in 2030 and 2032, all in-use commercial fishing vessels 
would need to meet a Tier 2 standard at minimum. 
 
4.3.3.3.5 Cargo Handling Equipment Amendments 
 
This measure would start transitioning Cargo Handling Equipment (CHE) to full 
zero-emission by 2030, with over 90% penetration of ZE equipment by 2036.  Based on 
the current state of zero-emission CHE technological developments, the transition to 
zero-emission would most likely be achieved largely through the electrification of CHE.  
This assumption about aggressive electrification is supported by the fact that currently 
some electric rubber-tired gantry cranes, electric forklifts, and electric yard tractors are 
already commercially available.  The zero-emission phase-in schedule will be 
determined by technology feasibility determinations and discussions with public 
stakeholders during the rulemaking process. 
 
4.3.3.3.6 Accelerated Turnover of Agricultural Equipment 
 
This measure would quantify the emission reduction benefits in 2030 from the 
Accelerated Turnover of Agricultural Equipment measure in the San Joaquin Valley 
Supplement to the 2016 State Strategy to the State Implementation Plan.  The first SIP-
creditable measure for the Accelerated Turnover of Agricultural Equipment measure 
was adopted by the CARB Board in December 2019 as the San Joaquin Valley 
Agricultural Equipment Incentive Measure and approved by U.S. EPA in December 
2021.18  The Accelerated Turnover of Agricultural Equipment measure uses incentive 
funds to achieve emissions reductions through accelerated turnover of older agricultural 
equipment to cleaner agricultural equipment.  This measure builds upon the previous 
success of the agricultural community using incentives to turnover agricultural 
equipment.  The Accelerated Turnover of Agricultural Equipment measure committed to 
achieving emissions reductions in 2024 and 2025, but many of the projects for which 
emissions reductions were quantified will continue to provide benefits in 2030 in the San 


                                            
18 86 FR 73106 



https://ww2.arb.ca.gov/sites/default/files/classic/planning/sip/2016sip/valleystrategy.pdf?_ga=2.109932037.1620902974.1712106482-927191194.1614915013

https://ww2.arb.ca.gov/sites/default/files/classic/planning/sip/2016sip/valleystrategy.pdf?_ga=2.109932037.1620902974.1712106482-927191194.1614915013

https://www.federalregister.gov/documents/2021/12/27/2021-27798/air-plan-approval-california-san-joaquin-valley-unified-air-pollution-control-district
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Joaquin Valley.  In a SIP-creditable incentive measure to be brought to the CARB Board 
in 2030, CARB staff would fully quantify the emissions reductions benefits and 
document the relevant and previously completed projects from the Accelerated 
Turnover of Agricultural Equipment measure that are creditable through the 2030 
attainment year. 
 
Some of the most significant sources of mobile source emissions in the SJV are heavy-
duty diesel engines, like those used in heavy duty trucks, locomotives, and agricultural 
engines.  Incentive funds, like Carl Moyer and FARMER, have also been an important 
mechanism to accelerate emission reductions from these heavy-duty diesel 
engines.  The State is working to provide additional incentives to the San Joaquin Valley 
Air Pollution Control District to help replace the dirtiest diesel engines with zero-
emissions equipment where feasible.  This new equipment will significantly reduce 
emissions of oxides of nitrogen and directly emitted diesel PM2.5, both critical to 
reducing PM2.5 levels and reaching attainment of the PM2.5 ambient air quality 
standard in the San Joaquin Valley.  Moving diesel equipment to zero emissions where 
feasible is essential for the area, both for reaching attainment of the standard and 
reducing nearby risk for communities.  Funding cleaner locomotives, zero emission 
trucks, zero and near zero emission off-road equipment and zero emission 
infrastructure will improve PM2.5 air quality and the health of San Joaquin Valley 
residents.  The State and the San Joaquin Valley Air Pollution Control District continue 
to work diligently and together on solutions to the PM2.5 and other complex air quality 
challenges in the region. 
 
4.3.3.4 Other 
 
4.3.3.4.1 Zero-Emission Standard for Space and Water Heaters 
 
For this measure, CARB would develop and propose zero-emission GHG standards for 
new space and water heaters sold in California; CARB could also work with air districts 
to further tighten district rules to drive zero-emission technologies.  This measure would 
not mandate retrofits in existing buildings, but some buildings would require retrofits to 
be able to use the zero-emission technology that this measure would require.  
Beginning in 2030, 100% of sales of new space and water heaters (for either new 
construction or replacement of burned-out equipment in existing buildings) would need 
to meet zero-emission standards.  It is expected that this regulation would rely heavily 
on heat pump technologies currently being sold to electrify new and existing buildings. 
 
4.3.3.5 Primarily-Federally and Internationally Regulated Sources – CARB 


Measures 
 
In addition to reducing emissions from the above sources, it is critical to achieve 
emissions reductions from sources that are primarily regulated at the federal and 
international level.  It is imperative that the federal government and other relevant 
regulatory entities act decisively to reduce emissions from these primarily-federally and 
internationally regulated sources of air pollution.  CARB and the air districts in California 
have taken actions to not only petition federal agencies for action, but also to directly 
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reduce emissions using programmatic mechanisms within our respective authorities.  
CARB continues to explore additional actions, many of which may require a waiver or 
authorization under the Clean Air Act, as described below. 
 
4.3.3.5.1 In-Use Locomotive Regulation 
 
The In-Use Locomotive Regulation was adopted by CARB April 27, 2023.  This 
measure uses mechanisms available under CARB’s regulatory authority to accelerate 
the adoption of advanced, cleaner technologies, and include zero-emission 
technologies for locomotive operations.  The In-Use Locomotive Regulation applies to 
all locomotives operating in the State of California with engines that have a total rated 
power of greater than 1,006 horsepower, excluding locomotive engines used in training 
of mechanics, equipment designed to operate both on roads and rails, and military 
locomotives.  The measure reduces emissions by increasing use of cleaner diesel 
locomotives and zero-emission locomotives through a spending account, in-use 
operational requirements, and by an idling limit.  By July 1, 2024, a spending account is 
established for each locomotive operator.  Funds in the account are only to be used 
toward Tier 4 or cleaner locomotives until 2030, and at any time toward zero-emission 
locomotives, zero-emission pilot or demonstration projects, or zero-emission 
infrastructure.  
 
For the in-use operational requirements, beginning January 1, 2030, only locomotives 
built after January 1, 2007, may operate in California.  Each year after January 1, 2030, 
only locomotives less than 23 years old may operate in California.  Additionally, under 
the in-use operational requirements, starting January 1, 2030, all switch, industrial, and 
passenger locomotives operating in California with an original engine build date 2030 or 
newer will be required to be zero-emission.  Starting January 1, 2035, all freight line 
haul locomotives operating in California with an original engine build date 2035 or newer 
must be zero-emission.  Locomotives equipped with automatic engine stop/start 
systems are to idle no more than 30 minutes unless an exemption applies.  Also, 
locomotive operators would report locomotive engine emissions levels and activity on 
an annual basis. 
 
4.4 FEDERAL CALL FOR ACTION 
 
The CAA is a system of “cooperative federalism,” where regions, states, and federal 
agencies work together to improve air quality and public health.  As described above, 
for decades, the District has promulgated and implemented measures to reduce 
emissions from sources of air pollution under its regulatory authority.  The District has 
also deployed innovative measures to reduce emissions from mobile and indirect 
sources of air pollution that fall outside its traditional regulatory authority with stationary 
sources.  The District continues to seek additional local emissions reductions, but the 
Valley has reached a point where attainment of the health-based standards established 
under the CAA is not viable without significant quantifiable and enforceable reductions 
in emissions from mobile sources that fall exclusively under federal jurisdiction, such as 
interstate heavy-duty trucks, locomotives, aircraft, and other mobile sources.  The South 
Coast air basin and other nonattainment areas find themselves in similar situations, and 
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with ever-tightening federal air quality standards, many other regions throughout the 
nation will also face similar difficulties. 
 
The District has jurisdiction over stationary and area sources, which make up less than 
15% of the total NOx emissions inventory.  With over 80% of the Valley’s remaining 
ozone and PM2.5 precursor emissions now coming from mobile sources, of which 39% 
are under the federal government’s jurisdiction, additional reductions from heavy-duty 
trucks and other mobile sources are needed for the Valley to reach federal air quality 
standards.  The District has previously submitted petitions to the federal government 
requesting that they reduce their fair share of emissions in an equitable manner through 
more stringent national standards for heavy-duty trucks and locomotives.  Similarly, in 
April 2017, CARB petitioned EPA to adopt more stringent emission standards for 
locomotives, in order to provide critical NOx and PM2.5 reductions specifically for 
disadvantaged communities surrounding railyards.19  CARB asked EPA to update 
standards, to take effect for remanufactured locomotives in 2023 and for newly built 
locomotives in 2025.  In response to the District and similar petitions submitted by 
CARB and SCAQMD, on January 24, 2023, EPA finalized a rule to reduce emissions 
from new heavy-duty trucks nationwide.20  Additionally on November 9, 2022, EPA 
committed to evaluating and identifying potential regulatory actions to address 
emissions from locomotives.21 
 
On November 8, 2023, EPA finalized changes to locomotive preemption regulations,22 
preserving the ability of California to adopt and enforce certain emission standards 
regulating non-new locomotives and engines if EPA has authorized such standards, and 
allowing other states to adopt those same California standards.  EPA must continue to 
work towards addressing harmful emissions from new locomotives and new locomotive 
engines, which remain exclusively under federal authority.  Most recently, on March 20, 
2024, EPA announced a final rule for multi-pollutant emission standards for light-duty 
and medium-duty vehicles, to be phased in over model years 2027 through 2032.23  
Soon after, on March 29, 2024, EPA announced a final rule for GHG emissions 
standards for heavy-duty vehicles, also phased in over model years 2027 through 
2032.24  The District closely followed and participated in these rulemaking processes to 
advocate for the Valley’s need for emissions reductions from this sector, and will 
continue to do so for future actions.   
 


                                            
19 CARB.  Petition for Rulemaking: Seeking the Amendment of the Locomotive Emission Standards.  (April 13, 2017).  
Retrieved from: https://ww2.arb.ca.gov/sites/default/files/2020- 
07/final_locomotive_petition_and_cover_letter_4_3_17.pdf  
20 88 FR 4296  https://www.govinfo.gov/content/pkg/FR-2023-01-24/pdf/2022-27957.pdf  
21 EPA.  Regulations for Emissions from Vehicles and Engines – Petitions to Address Harmful Emissions from 
Locomotives.  Retrieved from: https://www.epa.gov/regulations-emissions-vehicles-and-engines/petitions-address-
harmful-emissions-locomotives  
22 88 FR 77004  https://www.govinfo.gov/content/pkg/FR-2023-11-08/pdf/2023-24513.pdf  
23 EPA.  Multi-Pollutant Emissions Standards for Model Years 2027 and Later Light-Duty and Medium-Duty Vehicles; 
Final Rule.  89 Fed. Reg. 76, pp. 27842-28215.  (April 18, 2024).  Retrieved from: 
https://www.epa.gov/system/files/documents/2024-03/lmdv-veh-standrds-ghg-emission-frm-2024-03.pdf  
24 EPA.  Greenhouse Gas Emissions Standards for Heavy-Duty Vehicles—Phase 3; Final Rule.  89 Fed. Reg. 78, pp. 
29440-29831.  (April 22, 2024).  Retrieved from: https://www.govinfo.gov/content/pkg/FR-2024-04-22/pdf/2024-
06809.pdf  
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CARB’s primary regulatory authority is the regulation of mobile sources of emissions.  
Mobile sources are the largest contributor to criteria pollutant and air toxic emissions in 
the San Joaquin Valley and throughout the State.  In recent Valley attainment plans for 
PM2.5 and ozone, a large piece of the overall emissions reduction commitment has 
come from mobile source measures under the jurisdiction of CARB.  CARB’s progress 
in developing and implementing these measures has contributed to the substantial 
improvements in Valley air quality, and will continue to do so in the future.  Although 
CARB has promulgated stringent mobile source measures for vehicles and fleets in 
California, emissions from interstate heavy-duty trucks, locomotives, and other federal 
mobile sources have not been reduced as significantly.  Considering the continuing 
emissions reductions from sources regulated by the District and CARB, and the 
remaining challenges under federal air quality standards, it is increasingly critical that 
the federal government take action to reduce emissions from sources under federal 
regulatory control.  
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This document has been reviewed by the staff of the California Air Resources Board and 
approved for publication. Approval does not signify that the contents necessarily reflect the 
views and policies of the California Air Resources Board, nor does the mention of trade 
names or commercial products constitute endorsement or recommendation for use. 


Electronic copies of this document are available for download from the California Air 
Resources Board’s Internet site at: https://ww2.arb.ca.gov/resources/documents/2020-
mobile-source-strategy. This report can also be viewed at 
https://ww2.arb.ca.gov/legislatively-mandated-reports. To order a hard copy of this report, 
please contact David Ernest García, Ph.D., Legislative Director, at (916) 322-8520 or 
David.Garcia@arb.ca.gov. Additionally, written copies may be obtained from the Public 
Information Office, California Air Resources Board, 1001 I Street, 1st Floor, Visitors and 
Environmental Services Center, Sacramento, California 95814. Because of current travel, 
facility, and staffing restrictions, the California Air Resources Board’s offices may have limited 
public access. 


For individuals with sensory disabilities, this document is available in Braille, large print, 
audiocassette or computer disk. Please contact CARB's Disability Coordinator at 
(916) 323-4916 by voice or through the California Relay Services at 711, to place your request
for disability services. If you are a person with limited English and would like to request
interpreter services, please contact CARB's Bilingual Manager at (916) 323-7053.


For questions, contact: 


Ariel Fideldy, Manager 
South Coast Air Quality Planning Section 
California Air Resources Board 
P.O. Box 2815 
Sacramento, California 95812 


Email: ariel.fideldy@arb.ca.gov 
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Executive Summary 


The California Air Resources Board (CARB or Board) 2020 Mobile Source Strategy 
(2020 Strategy) uses scenario planning to take an integrated approach to identifying the 
technology trajectories and programmatic concepts to meet our criteria pollutant, 
greenhouse gas, and toxic air contaminant reduction goals from mobile sources. It’s 
imperative that we optimize our mobile source control programs to maximize emissions 
reductions from all types of air pollutants in order to meet our many goals and provide 
immediate benefits in the communities that continue to bear the brunt of poor air quality. 
Similar to the 2016 Mobile Source Strategy (2016 Strategy), the 2020 Strategy is a framework 
that identifies the levels of cleaner technologies necessary to meet our many goals and 
high-level regulatory concepts that would allow the State to achieve the levels of cleaner 
technology. 


The 2020 Strategy will inform the development of other planning efforts including the State 
Implementation Plan (SIP) which will translate the concepts included here into concrete 
measures and commitments 
for specific levels of 
emissions reductions, the 
2022 Climate Change 
Scoping Plan (2022 Scoping 
Plan Update), and 
Community Emissions 
Reduction Plans (CERPs) 
required for communities 
selected as a part of CARB’s 
Community Air Protection 
Program. Central to all of 
these planning efforts, and CARB actions on mobile sources going forward, will be 
environmental justice as CARB strives to address longstanding environmental and health 
inequities from elevated levels of toxics, criteria pollutants, and secondary impacts of climate 
change. 


CARB has over 50 years of experience reducing mobile source emissions that have improved 
air quality and reduced climate pollutants. Through these efforts, the State and our most 
polluted regions have seen dramatic improvements in ambient air quality and, as a 
byproduct, CARB has helped California become a world leader in environmental policies and 
clean technologies. Even with our progress, many areas of the State exceed current 
health-based ambient air quality standards that the State must legally meet; in addition, 
many near-source, low-income and disadvantaged communities continue to experience 
disproportionately high levels of air pollution and the resulting detrimental impacts to their 
health. Further, climate change is causing extreme heat, devastating wildfires, historic 
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droughts, torrential storms, causing billions of dollars in property damage and threatening 
human health and the economy of the residents of California – the unprecedented number of 
acres burned by wildfires in 2020 reemphasizes that climate change is here now. These 
immediate threats of climate change demand action and have resulted in a number of State 
of California and CARB policies to date. 


Mobile sources including cars, trucks, tractors, and a myriad of other on-road vehicles and 
off-road equipment, contribute a majority of smog-forming oxides of nitrogen (NOx), the 
largest portion of greenhouse gas (GHG) emissions, and are a significant source of toxic air 
contaminants that directly impact community health. The 2016 Strategy was CARB’s first 
integrated planning effort looking specifically at mobile sources to identify complementary 
policies to reduce emissions of criteria pollutants, greenhouse gases, and toxics. 


In recognition of the value of the 2016 Strategy in relation to the State’s ongoing air quality, 
climate, and community risk reduction challenges, and the ever-evolving vehicle market, the 
California Legislature passed Senate Bill (SB) 44,1 signed by Governor Newsom into law on 
September 20, 2019. SB 44 acknowledges the ongoing need to evaluate opportunities for 
mobile source emissions reductions and requires CARB to update the 2016 Strategy by 2021 
and every five years thereafter. Specifically, SB 44 requires CARB to update the 
2016 Strategy to include a comprehensive strategy for the deployment of medium- and 
heavy-duty vehicles for the purpose of meeting air quality standards and reducing GHG 
emissions. It also directs CARB to set reasonable and achievable goals for reducing emissions 
by 2030 and 2050 from medium- and heavy-duty vehicles that are consistent with the State’s 
overall goals and maximizes the reduction of criteria air pollutants. 


This document, the 2020 Strategy continues the multi-pollutant planning approach to 
illustrate the pathways forward for the various mobile sectors that are necessary in order to 
achieve California’s numerous goals and targets over the next 30 years. As specified in SB 44, 
the 2020 Strategy includes scenarios and programmatic concepts that comprehensively 
address the mechanisms needed to provide for the deployment of clean medium- and 
heavy-duty on-road vehicles. Because achieving all of the State’s near- and longer-term goals 
requires action across the full spectrum of mobile sources, this document also discusses 
light-duty on-road vehicles, as well as a wide range of off-road equipment sectors. By 
including light-duty vehicles and off-road equipment, the 2020 Strategy is more 
comprehensive than what was required under SB 44 and allows for consideration of fuel and 
energy use by the light-duty and off-road sectors in addition to the on-road medium- and 
heavy-duty sectors. The scenarios and concepts included in the 2020 Strategy provide 
emissions reductions for the purpose of meeting federal ambient air quality standards and 
substantially reducing greenhouse gas emissions from motor vehicles. 


1 Skinner, Chapter 297, Statutes of 2019 
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Last year, Governor Newsom signed Executive Order N-79-202 which established a goal that 
100 percent of California sales of new passenger cars and trucks be zero-emission by 2035. In 
addition, the Governor’s order set a goal to transition all drayage trucks to zero-emission by 
2035, all off-road equipment to zero-emission where feasible by 2035, and the remainder of 
medium- and heavy-duty vehicles to zero-emission where feasible by 2045. With this order 
and many other recent actions, Governor Newsom has recognized that air pollution remains 
a challenge for California that requires bold action, and that climate change is happening 
now, affecting the health and safety all Californians. Under the order, CARB is tasked to work 
with our State agency partners to develop regulations to achieve these goals taking into 
account technological feasibility and cost effectiveness. 


On April 21, 2021, Governor Newsom joined a bipartisan group of twelve governors from 
across the country calling for the Biden Administration to build on its early action to tackle 
climate change by creating a path to ensure that all new vehicles sold in the U.S. will be 
zero-emission in the near future, and by amplifying states’ investments in ZEV charging and 
fueling infrastructure. The letter from the coalition of states calls on the Administration to 
bolster the clean vehicle transition’s growing momentum nationwide by setting standards to 
require all new passenger cars and light-duty trucks sold to be zero-emission by 2035 and all 
new medium-duty and heavy-duty vehicles sold to be zero-emission by 2045, consistent with 
the pathways that are identified in the 2020 Strategy for California. 


Further, on July 16, 2021, the Governor signed the 2021-22 State Budget which included 
unprecedented levels of investment in zero-emission vehicles and the infrastructure needed 
to support them. The ZEV budget package includes $2.7 billion in 2021-22 and $3.9 billion 
collectively over three years for CARB, the California Energy Commission, the California State 
Transportation Agency, and GO-Biz. For CARB, the ZEV incentive provides over $1.5 billion 
for clean trucks, buses, and off-road equipment, including an initiative to deploy more than 
1,000 zero-emission drayage trucks, 1,000 zero-emission school buses, and 1,000 transit 
buses, and the necessary infrastructure, to clean up the air in disadvantaged communities. 
There is also over $900 million in CARB funding to invest in consumer adoption of ZEVs and 
in clean mobility for low-income and disadvantaged communities. With the 2021-22 State 
Budget, Governor Newsom is taking a strong stance and proposing the types of investment 
necessary to move the State forward towards attainment of ambient air quality standards, the 
State’s zero-emission future, and to meeting the goals of Executive Order N-79-20. 


2 Executive Order N-79-20 https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-
Climate.pdf 
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2020 Mobile Source Strategy Concepts 


Consistent with Executive Order N-79-20 and SB 44, in the 2020 Strategy, staff have 
identified a suite of strategy concepts, many of which CARB is actively pursuing through 
individual public processes, that will enable the State to achieve the technology trajectories 
identified through scenario planning and, consequently, meet California’s many goals. 


Further, these concepts maximize the criteria pollutant reductions by going to zero-emission 
where feasible. Specifically, for medium- and heavy-duty vehicles, the scenarios call for the 
deployment of approximately 1.4 million medium- and heavy-duty zero-emission vehicles 
(ZEVs) in California by 2045. Statewide, the concepts in the 2020 Strategy could achieve 
criteria pollutant NOx reductions of over 590 tons per day in 2037, and reduce mobile source 
fuel consumption by 9.5 billion gallons of gasoline and 3.0 billion gallons of diesel equivalent 
in 2045. This equates to a well-to-wheel GHG emissions reduction of approximately 
94 million metric tons of carbon dioxide equivalent in 2045. 


For on-road light-duty vehicles, the 2020 Strategy includes the concepts within the following 
scope to move the State towards the goal that 100 percent of sales will be ZEVs by 2035: 


• Manufacturer requirements to foster clean technology production and sales;
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• Outreach and education to increase consumer awareness and acceptance of advanced
vehicle and equipment technologies; and


• Infrastructure planning and development to support the transition to cleaner
technologies.


For on-road medium- and heavy-duty vehicles, the 2020 Strategy includes the concepts 
within the following scope to move the State towards the goal that 100 percent of 
California-registered trucks will be ZEVs by 2045 where feasible: 


• Manufacturer requirements to foster clean technology production and sales;
• In-use requirements to accelerate penetration of newer technology;
• Incentive programs to promote and accelerate the use of advanced clean


technologies;
• Enhanced enforcement strategies to ensure programs are achieving their anticipated


benefits;
• Outreach and education to increase consumer awareness and acceptance of advanced


vehicle and equipment technologies; and
• Infrastructure planning and development to support the transition to cleaner


technologies.


For off-road vehicles and equipment, the 2020 Strategy includes the concepts within the 
following scope to move the State towards the goal that 100 percent of equipment will be 
zero-emission by 2035 where technologically feasible: 


• Manufacturer requirements to foster clean technology production and sales;
• In-use requirements to accelerate penetration of newer technology;
• Incentive programs to promote and accelerate the use of advanced clean


technologies;
• Outreach and education to increase consumer awareness and acceptance of advanced


vehicle and equipment technologies; and
• Infrastructure planning and development to support the transition to cleaner


technologies.


Tenets of the 2020 Mobile Source Strategy 


As outlined above, a key focus of the 2020 Strategy is advancing the use of zero-emission 
technologies wherever feasible. Regulatory mechanisms will continue to be the core of 
CARB’s programs and provide the vast majority of emissions reductions identified in the 
2020 Strategy. That said, in the near-term, incentive programs to promote and accelerate the 
use of these and other clean technologies will be essential to meeting our pre-2030 air 
quality goals and setting us on the trajectory for the future goals. In addition to funding, it is 
critical that we structure programs so that clean transportation is accessible to all 
Californians, particularly those in low-income and disadvantaged communities who 
experience a disproportionate share of pollution impacts. 
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Further, for California to meet air quality standards, it is imperative that the federal 
government act decisively to reduce emissions from federally-regulated sources of air 
pollution, including interstate trucks, ships, locomotives, aircraft, and certain categories of 
off-road equipment. Absent federal action, by 2030, NOx emissions from federally-regulated 
sources will exceed emissions from California-regulated mobile sources in the South Coast, 
California’s most challenging ozone nonattainment area. 


Since the release of the 2016 Strategy, CARB and our local partners in California have taken 
concrete actions to not only petition federal agencies for action, but also to directly reduce 
emissions using programmatic mechanisms within our respective authorities. Unfortunately, 
action by the U.S. Environmental Protection Agency (U.S. EPA) to limit emissions from these 
sources have not yet materialized, making it more challenging to meet federal air quality 
standards and reduce air pollution that harms public health in California and across the U.S. 
The 2020 Strategy is a call to action, not only for California, but for the federal government 
as well. 


Public Process for the 2020 Mobile Source Strategy 


Staff has engaged in a robust public process throughout development of the 2020 Strategy, 
including release of the Workshop Discussion Draft 2020 Mobile Source Strategy on 
September 30, 2020, and the Draft 2020 Mobile Source Strategy on November 24, 2020. As 
part of the public comment processes on these earlier drafts, staff received numerous 
comments that emphasized the importance of near-term mobile source emissions reductions, 
and further requested that CARB expand upon the discussions of programmatic concepts 
that could reduce emissions in the next five years. Staff understands the critical importance of 
reducing emissions in the near-term for attainment of federal standards and to improve air 
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quality in the most impacted communities and, as such, has identified in subsequent drafts 
the programs and new concepts that can achieve emissions reductions in the near-term. 


In addition, an informational update on the Draft 2020 Strategy was presented to the Board 
in December 2020. At that time, the Board directed staff to continue to develop the 
2020 Strategy for the primary purpose of building on efforts to reduce emissions to meet 
near-term SIP targets and provide benefits in disadvantaged communities. In addition, the 
Board directed staff to accelerate the adoption and implementation of the Heavy-Duty 
Inspection and Maintenance Program, targeting benefits in low-income and disadvantaged 
communities where possible; and to add to the discussion on efforts to reduce vehicle miles 
travelled (VMT), while considering how we can better partner with locals and other agencies 
to tackle housing and land use, and to support transit and biking options. 


Staff released the Revised Draft 2020 Mobile Source Strategy on April 23, 2021, which 
incorporated public feedback provided on earlier drafts and also addressed Board direction 
given at the December hearing. In addition to informational updates to the Board, three 
public webinars were also held on the 2020 Strategy on March 25, 2020, October 7, 2020, 
and May 6, 2021, each of which saw high levels of public engagement with more than 
200 participants attending each, and staff answering questions through the end of the 
scheduled time. 


Updates Since the Draft Release 


In response to public feedback and Board direction received at the December hearing, a 
number of updates were included in the Revised Draft and this Proposed 2020 Strategy. 
Chapter 4 of this document discusses in detail the newly-identified and ongoing efforts to 
achieve reductions in the next five to ten years. This includes measures from the 2016 
Strategy and associated 2016 State Strategy for the State Implementation Plan, for which 
implementation is ongoing – many of the measures committed to in those plans will achieve 
substantial near-term reductions. CARB staff have continued to work to identify and develop 
additional near-term actions to reduce emissions, and find ways to accelerate emissions and 
target benefits of regulatory programs already in development in priority communities. 


In Chapter 2, we further explore the actions that CARB has taken and current efforts to 
ensure a focus on environmental justice and equity in CARB’s programs into the future. CARB 
has long worked to reduce negative effects from air pollution in the State’s most 
highly-impacted populations, through programs to control emissions from freight transport 
and other significant sources affecting low-income and disadvantaged communities. In recent 
years, CARB and the State have been further enabled through Assembly Bill (AB) 6173 


programs, Senate Bill 3504 (SB 350) equity efforts, and Low Carbon Transportation to renew 


3 C. Garcia, Chapter 136, Statutes of 2017 
4 De León, Chapter 547, Statutes of 2015 
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our focus on and engagement with these communities, but disadvantaged communities 
continue to experience the highest levels of air pollution impacts in California. CARB and the 
State of California are committed to prioritizing the needs of historically under-served 
communities in our work – as such, environmental justice will be a core consideration within 
all CARB actions and programs moving forward. 


Concepts included in the 2020 Strategy that will reduce emissions in low-income and 
disadvantaged communities are shown below and described in further detail in Chapter 2 
and Chapter 6. 


• Cars and Trucks
o Cars: Cleaner combustion and zero-emission requirements
o Trucks and Buses: Zero-emission requirements and regulations to ensure in-use


combustion equipment remains clean
o Vehicle Miles Travelled: Increased access to alternative mobility options such as


walking, bicycling, transit, and equitably address land use issues through
accelerated infill housing development and other means


• Near-Port Emissions Sources
o Drayage Trucks: Full transition to zero-emission by 2035
o Ocean-going Vessels: Cleaner marine engine standards and cleanest vessel


visits requirements
o Commercial Harbor Craft: Clean combustion, renewable fuel and zero-emission


requirements
o Cargo Handling Equipment: Full transition to zero-emission equipment starting


in 2026 at ports and railyards
• Commercial/Industrial and Warehouse Emissions Sources


o Small Off-Road Engines, Forklifts, and Transport Refrigeration Units: Full
transition to zero-emission equipment starting in 2024


o Locomotives: Accelerated turnover to cleanest combustion
o Construction, Industrial and Mining: Replace dirtiest vehicles with cleanest


available technology
• Other Emissions Sources


o Recreational Boats: Cleanest combustion and zero-emission requirement
o Aircraft: Cleaner engines, efficiency improvements and zero-emission operation


CARB and the State of California are committed to dismantling embedded systems of 
disenfranchisement and discrimination, and to prioritizing the needs of historically 
under-served communities in our work. In order to comprehensively address equity in 
California's transportation system, we must do more than reduce emissions by transforming 
the fleet to cleaner and zero-emission vehicles – we must also find ways to provide increased 
mobility options to the communities who need them and state and local governments must 
address the land use issues that stand in the way of progress. Historic decision-making 
favoring single-occupancy vehicle travel shaped many communities. Where and how 
communities plan and build housing imposes and often reinforces long-standing racial and 
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economic injustices that leave residents with little choice but to spend significant time and 
money commuting long distances in search of an affordable place to live. This places a 
disproportionate burden on low-income Californians, who end up paying the highest 
proportion of their wages for housing and transportation. In the Beyond ZEVs section of 
Chapter 6, we identify strategies CARB can undertake to help address these issues, which 
would simultaneously reduce VMT, achieve additional emissions reductions and support 
implementation of regional planning efforts. 


Moving forward, the concepts contained in the 2020 Strategy will be translated into 
federally-enforceable measures and commitments that will be included in the next State 
Implementation Plan strategy being developed for the 70 parts per billion (ppb) 8-hour 
ozone standard. Further, the 2020 Strategy will inform mobile source elements of the 
2022 Scoping Plan Update, and be incorporated into community emission reduction plans 
and other CARB planning documents to be released in the coming years. As such, in 
addition to a final Board hearing on the 2020 Strategy this fall, the concepts included here 
will see many opportunities for public input as they are incorporated into additional planning 
documents, and further developed into regulations and other programs through formal 
rulemaking processes. 
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Chapter 1 - Introduction 


Over the last 50 years, California air pollution control efforts have resulted in dramatic 
improvements in smog levels, as well as reductions in a variety of harmful pollutants in urban 
and rural areas. Despite this 
progress, the State still has more 
work to meet many federal and State 
ambient air quality standards and 
other health and climate stabilization 
targets over the next 30 years. 
Emissions must be reduced from all 
sources of air pollution in California 
to not only meet the federal 
standards, but to minimize negative 
health effects in the State’s most impacted and disadvantaged communities, and to lessen 
climate impacts. 


To that end, much needs to be accomplished. The State of California and CARB have many 
air quality standards, targets and goals to meet over the next 30 years (Figure 1). 


Figure 1 – California’s Air Quality Targets and Greenhouse Gas Reduction Goals 


2030: 2050: 
2023: GHG 2037: GHG 
South 40 percent South 80 percent 


Coast & below Coast & below 
SJV Ozone 1990 SJV Ozone 1990 


2024/25: 2031: 2045: 
AB 617 South Carbon 


Communities, Coast & Neutrality 
SJV Ozone South Coast 


& SJV PM2.5 


The State’s climate goals include the mid-term target in 2030 for 40 percent GHG emissions 
reduction below 1990 levels, codified under Senate Bill 32,5 and longer-term targets for 
economy-wide carbon neutrality in 2045 as set in Executive Order B-55-18, and 80 percent 
GHG emissions reduction below 1990 levels by 2050 as directed by Executive Order S-3-05, 


5 Pavley, Chapter 249, Statutes of 2016 
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October 28, 2021


a target that was reinforced by Governor Brown’s Executive Order B-16-2012 that added a 
80 percent reduction goal specific to the transportation sector. While our future climate 
goals are 10, 25, and 30 years into the future, the existential threat of climate change is a 
crisis of the present and is already causing extreme heat, torrential storms, historic droughts, 
and the devastating wildfires that California is currently experiencing. In order to forestall the 
most extreme of impacts of climate change, it’s pivotal that we act this decade to curb 
greenhouse gas emissions. 


In recognition of the severity of the climate 
crisis and the need for immediate action, 
Governor Newsom signed Executive 
Order N-79-20 on September 23, 2020. 
This order established a first-in-the-nation 
goal for 100 percent of in-state sales of 
new passenger cars and trucks to be 
zero-emission by 2035. In addition, the 
Governor’s order set a goal to transition 
100 percent of the drayage truck fleet to 
zero-emission by 2035, all off-road 
equipment where feasible to zero-emission 
by 2035, and the remainder of 
medium- and heavy-duty vehicles to 


zero-emission where feasible by 2045. Under the order, CARB will work with our State 
agency partners to develop regulations and strategies to achieve these goals taking into 
account technological feasibility and cost-effectiveness. 


For the national ambient air quality standards (standards), there are legally-obligated 
deadlines by which areas must attain; these are established by the federal Clean Air Act (Act) 
and implemented by the U.S. EPA each time a new standard is promulgated based on 
updated information showing health impacts at increasingly lower levels. California has the 
two areas with the most critical air quality challenges in the nation, the South Coast Air Basin 
and the San Joaquin Valley. The near-term targets for these areas are our outlined in Table 1, 
alongside the mid-term attainment years of 2031 and 2037 for the more recent 8-hour ozone 
standards. 


Table 1 – Attainment Deadlines for National Ambient Air Quality Standards 


Attainment Year Standard 


2023 80 ppb 8-hour ozone 
2024 35 µg/m3 24-hour PM2.5 
2025 12 µg/m3 annual PM2.5 
2031 75 ppb 8-hour ozone 
2037 70 ppb 8-hour ozone 
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In addition to regional air pollutant levels, many communities in the State experience 
measurable harm in the form of negative health impacts from high levels of localized 
pollution. There is an immediate need to reduce emissions and exposure in these 
highly-impacted, low-income and disadvantaged communities throughout the State, and 
specifically, communities with Community Emissions Reduction Plans (CERPs) under AB 617.6 


Communities selected for CERPs set five and ten-year targets to reduce community 
exposure; the targets for the first CERPs adopted by the Board begin in 2024, and included 
in many of these plans is a focus on mobile source measures and reductions. 


As research continues to show harmful effects from air pollution at increasingly lower levels, 
achieving the State’s complementary goals, targets and standards will provide much-needed 
public health protection for the millions of Californians that still breathe unhealthy air and will 
reduce exposure in the State’s most highly-impacted and disadvantaged communities. 
Meeting California’s GHG emissions reduction targets is an essential part of the worldwide 
action needed to slow global warming and achieve climate stabilization, as California 
continues to serve as an example on climate action to many across the world. Finally, actions 
to meet California’s public health and climate goals will also provide economic benefits 
including increasing the demand for skilled labor in green jobs, and will reduce our 
dependence on petroleum and establish a more secure energy future. 


Further, national parks and wilderness areas in California are known for their dramatic 
landscapes and striking vistas. Views of these natural landscapes are diminished when 
pollutants from anthropogenic and natural sources scatter and absorb light, reducing clarity, 


color, and overall visibility. The 
presence of pollutants that 
diminish visibility is known as 
haze. The Act requires states 
to reduce haze and protect 
visibility at Class 1 areas known 
for their vistas. California has 
29 Class 1 areas located 
throughout the State and is 
required to develop state 
implementation plans every 
10 years to remedy visibility 
impairment and prevent future 
visibility degradation at our 


Class I areas. Mobile source emissions are the dominant source of visibility reducing 
particulate matter at California’s Class I areas. Continued efforts to control emissions from 


6 C. Garcia, Chapter 136, Statutes of 2017 
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mobile sources is necessary to meet the State’s obligation to improve visibility required by 
the Act. 


Mobile sources and the fossil fuels that power them continue to contribute a majority of NOx 
emissions, a significant precursor to smog and particulate matter, and are the largest portion 
of GHG emissions in California. The 2016 Strategy demonstrated how the State could target 
strategies that simultaneously meet air quality standards, achieve greenhouse gas emission 
reduction targets, decrease health risk from transportation emissions, and reduce petroleum 
consumption through 2031 through a combination of efforts including widespread actions to 
deploy both zero-emission and cleaner combustion technologies. The 2016 Strategy included 
scenarios and measures to deploy zero-emission technologies across a broad spectrum of 
mobile sources including passenger vehicles, targeted truck and bus applications, forklifts, 
and other off-road equipment and transport refrigeration units. Actions were also discussed 
to require cleaner combustion technologies for sectors such as heavy-duty trucks, 
locomotives, and ocean-going vessels; these measures would provide the bulk of the NOx 
reductions needed to meet federal air quality standards by statutory deadlines in 2031. 


Elements of the 2016 Strategy were incorporated into the 2016 State SIP Strategy and 
supported complementary efforts including the 2017 Climate Change Scoping Plan, the 
California Sustainable Freight Action Plan, and CARB’s Short-Lived Climate Pollutant 
Reduction Strategy. Each of these documents drew from the 2016 Strategy to incorporate 
and build upon the actions and policies relevant to meet individual program goals. 


With the passing of SB 44, the California Legislature acknowledged the value of the 
2016 Strategy in relation to the State’s many air quality, climate, and community risk 
reduction challenges. By requiring CARB to update the Mobile Source Strategy every five 
years, SB 44 further acknowledged the ongoing need to evaluate opportunities for mobile 
source emissions reductions in California as the vehicle and equipment market continues to 
evolve. Specifically, SB 44 requires CARB to update the 2016 Strategy to include a 
comprehensive strategy for the deployment of medium and heavy-duty vehicles for the 
purpose of meeting air quality standards and reducing GHG emissions. In addition to 
providing a status on the measures in the 2016 Strategy, it also directs CARB to set 
reasonable and achievable goals for reducing emissions from medium- and heavy-duty 
vehicles that are consistent with the State’s overall goals. Because meeting all of the State’s 
near- and longer-term goals requires action across the full spectrum of mobile sources, this 
document also discusses light-duty on-road vehicles, as well as a wide range of off-road 
equipment sectors. 


The 2020 Strategy meets the requirements of SB 44 through the inclusion of scenarios and 
programmatic concepts that comprehensively address the mechanisms needed to provide 
for the deployment of clean medium- and heavy-duty on-road vehicles. By including 
light-duty vehicles and off-road equipment, the 2020 Strategy is more comprehensive than 
what was required under SB 44, and allows for consideration of fuel and energy use by the 
light-duty and off-road sectors in addition to on-road medium- and heavy-duty vehicles. The 
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scenarios and concepts included in the 2020 Strategy can illustrate how the state can obtain 
emissions reductions for the purpose of meeting federal ambient air quality standards and 
substantially reducing greenhouse gas emissions from motor vehicles. 


Defining the scope of actions necessary to implement a strategic vision to meet all of 
California’s goals requires an integrated planning process. In order to identify the strategies 
and program concepts that will best help CARB and the State meet all of its targets, it is 
imperative to look comprehensively at the potential benefits to all three categories of 
pollutants that CARB strives to reduce: criteria pollutants, toxics, and greenhouse gases. As 
we know that significant emission reductions from mobile sources are needed from all 
pollutants, this type of coordinated planning effort is essential to address the interplay 
between pollutants and sources, and consider the benefits of different technologies and 
energy sources. This planning effort serves as a foundation, but does not substitute for the 
public process, including analyses and review as required under the California Environmental 
Quality Act (CEQA), that will take place if CARB pursues each of the individual program 
concepts. 


To take an integrated approach, CARB uses scenario planning tools to quantify changes in 
ozone and PM2.5 precursor emissions, GHG emissions, diesel toxics emissions, and 
petroleum usage as various technologies are projected to populate the vehicle and 
equipment fleets. CARB’s tools, known as the Mobile Emissions Toolkit for Analysis (META) 
and Vision, are used to evaluate scenarios with varying assumptions about potential 
technology and fuel mixes, and explore different rates at which those technologies could 
become widely used. These tools are discussed further in Chapter 6. 


The analysis in the 2020 Strategy illustrates scenarios for meeting the State’s public health, 
climate, and community risk reduction goals with a strategy consisting of cleaner vehicle 
technologies, energy and fuel supply sources, and a reduction in vehicle miles traveled. 
Technologies, energy sources, and vehicle travel, as well as the best policy tools, will vary by 
sector based on the status of technology development in various applications, the 
multi-pollutant benefits, and the interactions between regulatory and programmatic 
strategies. The scenario analysis identifies the types of technologies and level of penetration 
into the respective fleets that will be necessary to meet the various goals. While a scenario 
may outline the overall approach for a sector and include program concepts that will move 
the State in the needed direction, the specific strategies for each sector will continue to be 
refined as the planning and public process for implementing specific actions moves forward. 
The concepts contained in the 2020 Strategy are less defined than the measures included in 
the 2016 Strategy, in part due to the accelerated timeframe for completing the 2020 
Strategy as defined under SB 44. The concepts in the 2020 Strategy will continue to be 
developed and then translated into more clearly defined measures for the next State SIP 
Strategy and other CARB planning documents over the coming years. 


It is clear that the rate of natural vehicle fleet turnover will not be sufficient to meet near- and 
long-term air quality or climate goals; as such, actions to accelerate the deployment of 
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cleaner technologies through regulations, incentives, system efficiency improvements, and 
support for the use of advanced transportation technologies such as intelligent 
transportation systems and autonomous and connected vehicles, are critical to achieving 
both near- and long-term goals in California. Existing mobile source regulatory programs and 
the many regulatory efforts underway will drive technology development and provide for 
significant reductions in emissions, but more will be needed. Given that the development and 
implementation of new regulations takes substantial time, strategic use of incentive funding 
is essential to achieve earlier penetration of cleaner combustion and zero-emission 
technologies than would happen through natural turnover, and the associated emissions 
reductions which are necessary to meet near-term goals. 


Where We Are Today 


While CARB has made substantial progress through its many regulatory and programmatic 
efforts, there remains a great need for emissions reductions in the immediate future to 
alleviate negative health impacts and meet federal and State air quality deadlines. Statewide, 
more than 28 million Californians live in areas that exceed the federal ozone and PM2.5 
standards;7 within those, there are many low-income and disadvantaged communities that 
experience pollutant levels significantly higher than the federal standards, as well as 
exposure to toxics, which can have immediate and detrimental health effects. 


Of CARB’s many goals, the air quality standards that need to be met in the next five years 
pose immediate challenges and will drive policies and the need for considerable, strategic 
investment to accelerate the transition to cleaner technologies beyond what would occur 
through natural fleet turnover. Attainment of the ozone standard in 2023 remains a challenge 
for the South Coast Air Basin. While some of the needed reductions will be achieved through 
regulatory measures included in the 2016 Strategy and related SIPs, reductions from federal 
measures and/or additional incentive funding are needed to achieve a majority of the 
remaining NOx reductions that are necessary to meet this standard. 


7 Based on 2019 monitored ozone and PM2.5 design values contoured over population by census tract 
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In the San Joaquin Valley, attainment of PM2.5 standards in 2024 and 2025 is the near-term 
challenge driving many policies. The 2018 Plan for the 1997, 2006, and 2012 PM2.5 
Standards and the San Joaquin Valley Supplement to the 2016 State SIP Strategy (Valley 
State SIP Strategy) included State 
commitments to achieve 32 tpd of NOx and 
0.9 tpd of PM2.5 emissions reductions in 
the San Joaquin Valley beyond the existing 
emission controls. Almost 90 percent of the 
reductions needed to meet these PM2.5 
standards will come from ongoing 
implementation of the existing control 
program, combined with regulatory 
measures identified in the Valley State SIP 
Strategy. Since deployment of cleaner 
technologies through new incentive funding 
will also be critical, CARB continues to look 
for innovative opportunities to reduce 
emissions in the San Joaquin Valley in the near-term. 


Reducing exposure to air pollution for residents of low-income and disadvantaged 
communities throughout the State is a critical near-term driver. The passage of AB 617 and 
creation of CARB’s Community Air Protection Program (CAPP) has given the State the 
opportunity to take a closer look at and dedicate targeted resources towards helping to 
reduce exposure to harmful pollutants in the State’s most heavily-impacted communities. 
Under the direction of AB 617 and guidelines created under the CAPP, beginning in 2018, 
CARB annually considers low-income and disadvantaged communities to begin new 
monitoring programs and emission reduction programs. CERPs are developed through 
coordination between CARB, local air districts, and community groups, and set five and 
ten-year targets to reduce community exposure – the targets of current CERPs adopted by 
the Board begin in 2024, with many programs including a focus on the turnover of dirty 
mobile sources and their engines to zero-emission technologies, as sought by communities 
and their representatives. 


In support of the goals of AB 617 and the CAPP, the Legislature has appropriated funding to 
support early actions to address localized air pollution through targeted incentive funding to 
deploy cleaner technologies in these communities, as well as grants to support community 
participation in the AB 617 process. Further, AB 617 includes new requirements for the 
accelerated retrofit of pollution controls on industrial sources, increased penalties, and 
greater transparency and availability of air quality and emissions data, which will help 
advance air pollution control efforts throughout the State. The legislation also requires the 
development of new resources that work together to support emissions reductions in 
communities, including a Technology Clearinghouse to be used to identify rules, regulations, 
technologies, or practices that could offer emissions or exposure reduction opportunities 
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within the selected community. Once complete, this tool will allow users to easily find 
existing rules and identify next generation technologies that are beyond existing regulatory 
requirements. CARB will prioritize adding sources that are of high importance to existing 
AB 617 community members to the system as it is developed. 


To ensure clean transportation is available to all Californians, SB 350 directed CARB to study 
the barriers for low-income Californians to access clean transportation options, including 
those in disadvantaged communities, as well as recommendations on how to increase access. 
In February 2018, CARB released the Final Guidance Document – Low-Income Barriers Study, 
Part B: Overcoming Barriers to Clean Transportation Access for Low-Income Residents 
(SB 350 Barriers Report). CARB’s SB 350 Barriers Report is an initial step in identifying the 
main barriers low-income residents, including those in disadvantaged and tribal communities, 
face in accessing clean transportation and mobility options. This effort, together with the 
CAPP, provide an opportunity to better integrate community, regional, and State-level 
programs to increase access to clean transportation and provide clean air for all Californians. 
Ongoing funding will be critical to support the CAPP and related programs and to provide 
the reductions needed in these impacted communities. 


In 2006, California’s first GHG reduction target was established under the Assembly Bill 32,8 


the Global Warming Solutions Act of 2006. AB 32 created a comprehensive, multi-year 
process to reduce GHG emissions in California and required CARB to develop a Climate 
Change Scoping Plan. The first Climate Change Scoping Plan, completed in 2008, described 
California’s approach to achieving the goal of reducing GHG emissions to 1990 levels by 
2020. In 2016, four years ahead of schedule, California emissions fell below the 1990 levels of 
431 million metric tons carbon dioxide equivalent. Going forward, the next GHG reduction 
target is a 40 percent reduction from 1990 levels by 2030 as codified in SB 32. The 
2017 Climate Change Scoping Plan demonstrated how California will meet the 2030 target 
and showed that there are substantial emissions reductions still needed. CARB will be 
working to develop the 2022 Scoping Plan Update over the coming year, which will map out 
the path to achieving Statewide carbon neutrality in 2045, and the 2050 goal of 80 percent 
reduction in GHG emissions below 1990 levels. Additionally, the 2022 Scoping Plan Update 
will be looking to move the State away from the combustion of fossil fuels as much as 
possible. We know that the transition of the transportation sector to zero-emission vehicles, 
and more accessible, efficient mobility, will be major factors in meeting these and other 
future climate goals. 


What We Are Learning from the COVID-19 Lockdown 


The COVID-19 pandemic and the resulting health and economic crisis have had drastic and 
wide-ranging impacts on the lives, livelihoods, and behaviors of people around the world. To 


8 Núñez and Pavley, Chapter 488, Statutes of 2006 
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date, it has taken millions of lives worldwide, and has had a direct impact on countless more. 
As it pertains to air quality, this pandemic has reemphasized the need to reduce emissions 
and achieve cleaner air, as air pollution may be a key factor in increasing the vulnerability of 
individuals to contracting COVID-19, as well as increasing the severity of illness and mortality 
risk from the virus.9 CARB is currently funding additional studies to look at the connection 
between air quality and health impacts of COVID-19. 


The measures put into place to slow the spread of COVID-19 resulted in significant changes 
in human activity that present opportunities to evaluate the real-world effect of those 
changes on air quality. Most notable are the short-term reductions in both heavy-duty and 
light-duty VMT across the State’s highways and local roads, and the resulting emission 
reductions. In California, VMT fell to its lowest point in early- to mid-April, with an 
approximately 25 percent reduction in heavy-duty VMT and 50 to 60 percent reduction in 
light-duty VMT. Since that time, both heavy-duty and light-duty VMT have steadily increased, 
with heavy-duty VMT returning to pre-lockdown levels in early June. However, the reductions 
in VMT in April and May provide an opportunity to test the real-world implications of 
emissions reductions associated with the on-road mobile sector. Such analysis, though, is 
complicated by several factors: 


1. There is a natural, seasonal reduction in pollution levels (e.g., NOx and carbon
monoxide) from March to May, which occurs every year as winter transitions to spring,
and separating meteorological effects from VMT-related emissions changes is
non-trivial;


2. The largest reductions in heavy-duty VMT occurred outside of the peak ozone season,
and ozone chemical regimes can change from spring to summer due to seasonal
variations in emission sources including biogenic emissions; and


3. The largest reductions in VMT occurred over a relatively short time period (less than
two months), making analysis of impacts more difficult.


CARB staff are working on finalizing an analysis of the effect of reduced VMT on ambient 
pollution levels and putting those findings in the context of long-term ozone trends and the 
State’s emission control strategy moving forward. Findings will be published in a peer 
reviewed scientific journal. While the 2020 Strategy is a long-term planning document and 
COVID-19 stay-at-home orders and related closures are temporary measures, there is 
potential for changes made during this time to have far-reaching implications for 
transportation mode choice, shared mobility, vehicle choice, and VMT into the future. 


Before the COVID-19 pandemic, Californians were continuing to drive more, and carpool less 
to work. Auto ownership was increasing and transit ridership was falling across California, and 


9 Petroni et al (2020). Hazardous air pollutant exposure as a contributing factor to COVID-19 
mortality in the United States. Environ. Res. Lett. 15 0940a9; Liang, Donghai et al. “Urban Air Pollution May 
Enhance COVID-19 Case-Fatality and Mortality Rates in the United States.” medRxiv : the preprint server for 
health sciences 2020.05.04.20090746. 7 May. 2020, doi:10.1101/2020.05.04.20090746. Preprint. 
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there continues to be a relatively small percentage of people that walk and bike to work.10 


Mobility in California dropped dramatically after shelter-in-place orders were enacted early in 
the COVID-19 pandemic, as people and organizations (including CARB) successfully 
operationalized widespread teleworking, and continued teleworking is a promising source of 
commute VMT reduction into the future. However, telework is not a panacea for VMT 
reduction – only a subset of jobs can support a telework arrangement. Essential workers 
largely cannot telework, many of whom are lower income or depend on transit services. 
Transit service has been decimated by fears raised by the pandemic, and we must provide 
viable modes of transportation that can support our essential workforce. 


Mobility and VMT rebounded as mandates eased, but vehicle travel in California became 
more distributed throughout the day and 
the roadway network was not as 
congested in many cities. We have 
experienced the profound impacts that 
getting cars off the road has on reducing 
congestion, especially during peak 
commute times. We know building more 
roads only leads to more congestion11 and 
now we have seen a future where we can 
be more efficient with, and prioritize fixing 
and maintaining, our existing rights-of-way. Total light-duty VMT in California will continue to 
grow as the State’s population grows. As discussed in more detail later, per capita VMT 
growth must be reduced but continue to accommodate essential travel. Our roadway 
network was extremely congested prior to the pandemic, and as travel restrictions ease, it is 
becoming so again. It’s critical that we provide viable alternatives to single occupancy vehicle 
travel as we move forward, with 10 million vehicles expected to be added to our roadways in 
coming decades. 


Health Impacts 


Despite decades of progress in improving air quality, large areas of California still suffer some 
of the worst air quality in the nation. Mobile source emissions contribute to a wide range of 
heart and lung illnesses, chronic health conditions, increased cancer rates, and premature 
death. Every year, over 5,000 premature deaths and hundreds of illnesses and emergency 
room visits for respiratory and cardiovascular disease in California are linked to PM2.5 


10 CARB. 2018. 2018 PROGRESS REPORT: California’s Sustainable Communities and Climate Protection Act. 
Available: https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf 
11 S. Handy, M. Boarnet. 2014. Impact of Highway Capacity and Induced Travel on Passenger Vehicle Use and 
Greenhouse Gas Emissions. https://ww2.arb.ca.gov/sites/default/files/2020-
06/Impact_of_Highway_Capacity_and_Induced_Travel_on_Passenger_Vehicle_Use_and_Greenhouse_Gas_Emiss 
ions_Policy_Brief.pdf 
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pollution, of which more than half is produced by mobile sources. 12 Recent research 
demonstrates that fine particulate pollution impacts not only the heart and respiratory 
system, but also brain health and adverse birth outcomes.13 During the COVID-19 pandemic, 
we have learned that air pollution may be a key factor in increasing the vulnerability of 
individuals to contracting COVID-19, as well as increasing mortality risk from the virus, and 
the severity of illness in people suffering from COVID-19.14 Moreover, for the millions of 
California residents living in low-income and disadvantaged communities and experiencing 
disproportionate levels of negative health impacts from air pollution,15 actions to reduce 
fossil fuel combustion and move to cleaner power sources are even more important. 


Health Impacts from Mobile Source Emissions 


Fossil fuel combustion from cars, trucks, buses, and on- and off-road equipment emits criteria 
air pollutants and their precursors, including NOx and oxides of sulfur (SOx) emissions. While 
NOx and SOx emissions are harmful in themselves, NOx is also a precursor to ozone, which 
can cause irritation and damage lung tissue, worsen asthma and chronic illnesses including 
obstructive pulmonary disease and reduce lung function. 16 Studies have linked short-term 
ozone exposure with increased risk of death.17 


12 CARB. (2016). Mobile Source Strategy. https://ww2.arb.ca.gov/resources/documents/2016-state-strategy-
state-implementation-plan-federal-ozone-and-pm25-standards 
13 USEPA. (2019a). Integrated Science Assessment for Ozone and Related Photochemical Oxidants (External 
Review Draft). Retrieved from https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=344670. 
U.S. EPA (2019b). Policy Assessment for the Review of the National Ambient Air Quality Standards for 
Particulate Matter, External Review Draft 
14 Petroni et al (2020). Hazardous air pollutant exposure as a contributing factor to COVID-19 
mortality in the United States. Environ. Res. Lett. 15 0940a9; 
Liang, Donghai et al. “Urban Air Pollution May Enhance COVID-19 Case-Fatality and Mortality Rates in the 
United States.” medRxiv : the preprint server for health sciences 2020.05.04.20090746. 7 May. 2020, 
doi:10.1101/2020.05.04.20090746. Preprint. 
15 American Lung Association. (2020). State of the Air; Union of Concerned Scientists, U. (2019). Inequitable 
Exposure to Air Pollution from Vehicles in California (2019); Cushing et al. (2015). Racial/ethnic disparities in 
cumulative environmental health impacts in California: evidence from a statewide environmental justice 
screening tool (CalEnviroScreen 1.1). American journal of public health, 105(11), 2341-2348. 
16 U.S. EPA (2019b). Policy Assessment for the Review of the National Ambient Air Quality Standards for 
Particulate Matter, External Review Draft. 
17 Ibid. 
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In addition to contributing to ozone, the biggest impact on health from NOx and SOx 
emissions comes when they are converted to PM2.5 in the atmosphere. PM2.5 pollution 
contributes to more fatalities than other air pollutants, and can lodge deep in the lungs or 
pass through the lungs to enter the blood stream and affect the heart, brain, and other 
organs.18 Short-term exposure to PM2.5 pollution is associated with increased 
hospitalizations and emergency room visits for heart and lung illnesses, and can lead to 
premature death.19 Adverse health effects from long-term exposure to PM2.5 pollution 


include increased risk of heart attacks and heart 
disease, impaired lung development in children, 
the development and exacerbation of asthma, and 
premature death.20 Other possible impacts from 
PM2.5 exposure that are being investigated 
include low birth weight and impacts to the 
brain.21 


Diesel engines emit a complex mixture of air 
pollutants, including both gaseous and solid 
material. The solid material in diesel exhaust is 
known as diesel particulate matter (DPM or diesel 
PM). More than 90 percent of DPM is less than 
1 µm in diameter (about 1/70th the diameter of a 


human hair), and thus is a subset of PM2.5.22 DPM is typically composed of carbon particles 
(“soot”, also called black carbon) and numerous organic compounds, including over 
40 known cancer-causing organic substances such as benzene and formaldehyde. In 1998, 
CARB identified DPM as a toxic air contaminant which has been linked to increased cancer 
risk, respiratory and cardiac illnesses and premature deaths.23 CARB estimates that about 
70 percent of total known cancer risk related to air toxics in California is attributable to 
DPM.24 Diesel exhaust also contains gaseous pollutants, including volatile organic 


18 U.S. EPA. (2019a). Integrated Science Assessment for Ozone and Related Photochemical Oxidants (External 
Review Draft). 
19 Ibid. 
20 Ibid. 
21 Boothe, V. L., Shendell, D. G. (2008). Potential health effects associated with residential proximity to freeways 
and primary roads: review of scientific literature, 1999–2006. Journal of Environmental Health, 70(8), 33-41.; 
Wang et al (2020). Traffic-related Metrics and Adverse Birth Outcomes: A Systematic Review and Meta-analysis. 
Environmental Research, 109752. 
Woods et al (2017). The influence of the built environment on adverse birth outcomes. Journal of Neonatal-
Perinatal Medicine, 10(3), 233-248. 
CARB (2018) Air Pollution and the Brain https://ww2.arb.ca.gov/resources/fact-sheets/air-pollution-and-brain 
22 CARB (2020). Overview: Diesel Exhaust & Health https://ww2.arb.ca.gov/resources/overview-diesel-exhaust-
and-health 
23 Ibid. 
24 Ibid. 
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compounds and NOx that lead to the formation of PM2.5 and ozone. Most major sources of 
diesel emissions, such as ships, trains, and trucks, operate in and around ports, rail yards, and 
heavily traveled roadways, which are often located near highly-populated and disadvantaged 
communities. 


Health Impacts of Climate Change 


As stated earlier, mobile sources are the largest contributor of GHG emissions in California; 
on- and off-road vehicles produce GHG emissions from burning gasoline and diesel, 
contributing to almost 40 percent of the total State GHG emissions. Diesel engines also emit 
black carbon, a short lived climate pollutant with over 1,000 times the climate forcing 
potential of carbon dioxide. Several recent summaries and reports discuss in detail the ways 
that climate change can impact human health25 including increased smog formation;26 a 
lengthened pollen season; more frequent and severe wildfires;27 an increased number of 
extreme heat days28 which could result in more heat-related sickness and deaths;29 more 
pronounced drought extremes;30 more frequent and severe extreme precipitation events 
leading to severe flooding;31 and an increased prevalence of infectious diseases.32 Climate 
change is already taking a toll on human health, proving in many ways that taking action to 
reduce greenhouse gas emissions is urgently needed. 


Public Process for the 2020 Mobile Source Strategy 


CARB staff has engaged in a robust public process throughout the development of the 
2020 Strategy. Staff first invited public and stakeholder participation in March 2020 with a 
public webinar at which preliminary scenarios, and the expected direction of the 
2020 Strategy were presented. Subsequent to that, staff presented the preliminary scenarios 
and concepts to the Board at an April 23, 2020 public hearing to obtain feedback from Board 
members and allow for additional public input. 


25 USGCRP. (2018). Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, 
Volume II. U.S. Global Change Research Program; World Health Organization. (2003). Climate change and 
human health: risks and responses: World Health Organization; NRDC. (2019). Climate Change and Health in 
California 
26 Kleeman et al. (2010). Climate change impact on air quality in California: California Environmental Protection 
Agency, Air Resources Board 
27 Singleton et al. (2019). Increasing trends in high-severity fire in the southwestern USA from 1984 to 2015 
28 Milanes, C. (2011). Indicators of Climate Change in California 
29 CARB (2020). Health & Air Pollution. Retrieved from https://ww2.arb.ca.gov/resources/health-air-pollution 
30 Mann, M. E., & Gleick, P. H. (2015). Climate change and California drought in the 21st century 
31 Swain et al. (2018). Increasing precipitation volatility in twenty-first-century California; Dettinger, M. (2011). 
Climate change, atmospheric rivers, and floods in California–a multimodel analysis of storm frequency and 
magnitude changes; Solomon et al. (2006). Airborne mold and endotoxin concentrations in New Orleans, 
Louisiana, after flooding, October through November 2005 
32 Lindgren et al. (2012). Monitoring EU emerging infectious disease risk due to climate change 
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The scenario planning tools, META and Vision, are used to evaluate scenarios with varying 
assumptions about potential technology and fuel mixes, and explore different rates at which 
those technologies could become widely used. Staff released a Beta version of META on 
August 5, 2020, and a Draft version of META alongside on-road light-duty vehicle 
assumptions from Vision on October 2, 2020, to allow the public and stakeholders to review 
and provide feedback on detailed assumptions for, and visualization of, the scenarios in the 
2020 Strategy. 


Further, staff released the Workshop Discussion Draft 2020 Mobile Source Strategy on 
September 30, 2020 with a request for public comment, and held a second public webinar on 
October 7, 2020. The Workshop Discussion Draft presented the draft scenarios, concepts, 
and potential reductions as envisioned at that time, and allowed for the public and 
stakeholders to review every facet of the 2020 Strategy for the first time. Public engagement 
at the October webinar, as well as the March webinar, was high with more than 
300 participants attending each, and staff answered questions through the end of the 
allotted time and provided additional written responses on the CARB webpage after each 
webinar. 


On November 24, 2020, staff released the Draft 2020 Mobile Source Strategy in advance of 
providing a second informational update to the Board at the December public hearing. At 
that meeting, the Board directed staff to take more time to develop certain aspects of the 
2020 Strategy, before returning to the Board for consideration. Specifically, direction was 
given to expand in the 2020 Strategy on near-term efforts focused on meeting SIP targets 
and providing benefits in disadvantaged communities. In addition, the Board directed staff to 
accelerate the adoption and implementation of control programs, with a focus on targeting 
benefits in low-income and disadvantaged communities where possible; to include an 
estimation of technology costs; and to add to the discussion on VMT reduction concepts, 
while considering how we can better partner with locals and other agencies to tackle housing 
and land use, and to support transit and biking options. 


CARB staff incorporated the Board’s direction into the Revised Draft 2020 Mobile Source 
Strategy, released on April 23, 2021. Chapter 2 was added to discuss the actions that CARB 
has taken and current efforts to ensure a focus on environmental justice and equity in CARB’s 
programs into the future. Staff also added Chapter 4 to provide detail on CARB’s 
newly-identified and ongoing efforts to achieve emissions reductions in the next five to ten 
years, including measures from the 2016 Mobile Source Strategy and associated 2016 State 
SIP Strategy for which implementation is ongoing. Staff took comments on the Revised Draft 
at a public webinar on May 6, 2021 and through a written comment period, and have 
incorporated feedback as appropriate into this Proposed 2020 Strategy. 


In addition to the formal events and releases specific to the 2020 Strategy, staff engaged 
with the public and stakeholders through a variety of other venues. Updates on the 
2020 Strategy were presented at various working groups for other CARB programs; staff 
participated in stakeholder-facilitated calls with industry and other groups to answer 
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questions on the 2020 Strategy and scenarios; and throughout the process, staff has 
engaged with interested parties through individual phone and email correspondence. As we 
move forward, staff will be continuing to directly seek input and recommendations from 
community groups both as we finalize the 2020 Strategy, and on the forthcoming planning 
documents that will translate the concepts contained here into measures and 
legally-enforceable commitments. 


The public process for the programmatic concepts within the 2020 Strategy will continue into 
the future as these concepts are translated into formal measures in the forthcoming State SIP 
Strategy and other CARB planning documents to be released over the next few years, and 
further developed into regulations through formal rulemaking processes. In addition, CEQA 
analyses will be undertaken as a part of the development of the next State SIP Strategy and 
other CARB planning documents, as well as for each concept if it is pursued and developed 
into a regulatory action to be brought to the Board. 
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Chapter 2 – Prioritizing Environmental Justice & Targeting Benefits 
in Communities of Concern 


The regulatory and programmatic concepts in the 2020 Strategy, especially those targeting 
the freight sector, have significant potential to reduce emissions and exposure in low-income 
and disadvantaged communities. While the 2020 Strategy seeks rapid transition to 
zero-emission technologies Statewide across numerous mobile source sectors, and the use of 
cleaner combustion and renewable fuels everywhere else, the State must strive to act even 
more quickly and target the introduction of cleaner and zero-emission vehicles and 
equipment in the communities that for generations have been bearing the brunt of 
combustion emissions. 


The California Environmental Protection Agency (CalEPA) defines “disadvantaged 
communities” as the top 25 percent most impacted census tracts in the State, as identified 
by the California Communities Environmental Health Screening Tool, known as 
CalEnviroScreen. Together with low-income communities and low-income households, 
disadvantaged communities are described in California as “priority populations.” 
CalEnviroScreen is an important tool used to evaluate and quantify the environmental and 
health disparities experienced by communities in California. Developed by the California 
Office of Environmental Health Hazard Assessment, CalEnviroScreen uses environmental, 
health, and socioeconomic information to produce mapped scores for every census tract in 
the state. 


In discussing ways to target benefits in the communities most disproportionately affected by 
air pollution, it is important to note that certain communities experience significantly higher 
levels of many types of air pollutants. Due to their formation processes coupled with 
geographical and meteorological impacts, criteria air pollutants including PM2.5 and ozone 
are known as regional pollutants and are often at their highest levels in a community that is 
many miles from the main sources of the emissions of the relevant precursors. In contrast, 
toxic air contaminants (TACs or toxics) are directly emitted pollutants and, as such, can have 
the most detrimental impacts on the people and communities nearest the pollution sources. 
Toxics are, by definition, air pollutants which may cause or contribute to an increase in 
mortality or an increase in serious illness and often have no known safe levels – it is for these 
reasons that CARB has been working for over 35 years to control emissions of TACs. That 
said, both regional and near-source pollutants can have serious detrimental health impacts 
and are important to control, and the concepts in the 2020 Strategy address both. 


Environmental Justice and Pollution Exposure Disparities 


Low-income and disadvantaged communities have long faced disproportionate burdens from 
exposure to air pollution. Research shows large disparities in exposure to pollution between 
white and non-white populations in California, and between disadvantaged communities and 
other communities, with Black and Latino populations experiencing significantly greater air 
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pollution impacts than white populations. Mobile source pollution shows some of the highest 
disparities; a CARB-funded study indicated that on average, mobile sources account for over 
30 percent of total PM2.5 exposures.33 Figure 2 compares the contributions of several top 
PM2.5 sources to average PM2.5 exposure concentration by race and in disadvantaged 
communities. This figure shows that mobile sources are the largest sources of pollution 
exposure disparity for Black populations and disadvantaged community residents, when 
compared to the average population in California. Specifically, mobile sources accounted for 
45 percent of exposure disparity for the Black population, and 37 percent of exposure 
disparity for people in disadvantaged communities. 


Figure 2 – Top Sources of PM2.5 and their Contribution to PM2.5 Exposures by Race and 
in Disadvantaged Communities 


Communities located near major roadways are also at increased risk of asthma attacks and 
other respiratory and cardiac effects; often, these communities are low-income communities 
and communities of color. Studies consistently show that mobile source pollution exposure 
near major roadways contributes to and exacerbates asthma, impairs lung function, and 
increases cardiovascular mortality.34 The exposure to mobile sources’ mixture of gaseous and 
particulate pollutants (including PM, NOx, and benzene) is associated with higher rates of 


33 Apte et al (2019). A Method to Prioritize Sources for Reducing High PM2.5 Exposures in Environmental 
Justice Communities in California. CARB Research Contract Number 17RD006 
34 Hot Spot Pollution, 1052 and 1057. 
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heart attacks, strokes, lung cancer, autism, and dementia.35 Individuals living in communities 
located near ports and freight hubs are also subject to higher cancer risks than surrounding 
communities.36 


People living in areas near freight and other significant sources, and those who work near 
diesel engines, are at risk of exposure to high quantities of diesel emission fumes.37 


Prolonged exposure to diesel emissions over many years is associated with an increase in 
workers’ risk of cardiovascular, cardiopulmonary and respiratory disease, and lung cancer.38 


The use of diesel-powered on- and off-road equipment can be a major source of exposure to 
toxic diesel exhaust for workers in a wide range of occupations including agriculture, 
construction, energy extraction, mining, rail, shipping, transport/logistics, tunneling, vehicle 
repair, and warehousing. 


Children living in these communities are also unduly burdened by adverse health impacts. 
Results from a groundbreaking, long-term study demonstrated that particle pollution may 
significantly reduce lung function growth in children,39 and indicates these effects are likely 
permanent.40 Additionally, increased exposure to vehicular traffic pollution was associated 
with a number of adverse childhood health impacts, including slower lung development,41 


35 USC Environmental Health Centers. (2018). Living Near Busy Roads or Traffic Pollution. 
36 South Coast AQMD (2015). Multiple Air Toxics Exposure Study in the South Coast Air Basin 
37 Garshick et al. (2012). Lung cancer and elemental carbon exposure in trucking industry workers; Pronk et al. 
(2009). Occupational exposure to diesel engine exhaust: a literature review 
38 HEI. (1995). Diesel Exhaust: A Critical Analysis of Emissions, Exposure and Health Effects. A Special Report of 
the Institute's Diesel Working Group. Health Effects Institute; Garshick et al. (2008). Lung cancer and vehicle 
exhaust in trucking industry workers; Brown-McCammon, J. (1988). NIOSH Current Intelligence Bulletin 50-
carcinogenic effects of exposure to diesel exhaust; Mauderly, J. L. (1992). Diesel Exhaust, Chapter 5, 
Environmental Toxicants: Human Exposures and Their Health Effects; Wade, J. F., 3rd, & Newman, L. S. (1993). 
Diesel asthma. Reactive airways disease following overexposure to locomotive exhaust 
39 Peters et al. (1999). A study of twelve Southern California communities with differing levels and types of air 
pollution: II. Effects on pulmonary function. American journal of respiratory and critical care medicine, 159(3), 
768-775.; Avol, E. L et al. (2001). Respiratory effects of relocating to areas of differing air pollution levels.
American journal of respiratory and critical care medicine, 164(11), 2067-2072; Gauderman et al. (2002).
Association between air pollution and lung function growth in southern California children: results from a
second cohort. Am J Respir Crit Care Med, 166(1), 76-84. doi:10.1164/rccm.2111021
40 Gauderman et al. (2004). The effect of air pollution on lung development from 10 to 18 years of age. New
England Journal of Medicine, 351(11), 1057-1067
41 Gauderman et al. (2007). Effect of exposure to traffic on lung development from 10 to 18 years of age: a
cohort study. The Lancet, 369(9561), 571-577
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increased symptoms and medication use in asthmatic children,42 and even increases in the 
development of asthma in children.43 


Historical Inequities 


Although it has not always been acknowledged, pronounced inequities have been 
experienced by minority groups and have permeated society in the United States and within 
California throughout our history. As just described, certain communities continue to 
experience environmental and health inequities from elevated levels of toxics, criteria 
pollutants, and secondary impacts of climate change. Communities near ports, rail yards, 
warehouses, and freeways are often low-income and disproportionately communities of 
color, and they experience a higher concentration of air pollution than other areas due to 
emissions from mobile sources such as cars, trucks, locomotives, and ships. Many of the same 
communities also experience pollution impacts from large industrial facilities such as oil 
refineries. Proximity to smaller sources like chrome platers, metal recycling facilities, oil and 
gas operations, agricultural burning, and fugitive dust likewise contribute to localized air 
toxics impacts in many communities across the State. 


While discussing the negative impacts from air pollution on low-income and disadvantaged 
communities, it must be acknowledged that one of the primary causes of the disparities that 
many communities experience today is the way that land use decisions have historically been, 
and are still often today, made. This has led to a place where many Californians are too often 
left with a choice between spending significant time and money commuting long distances, 
or living in areas that are exposed to unhealthy levels of numerous pollutants, or both. Where 
we put transportation and housing also imposes and often reinforces long-standing racial and 
economic injustices by placing a disproportionate burden on low-income Californians, who 
end up spending the highest proportion of their wages on a place to live and travelling. As is 
discussed further in Chapter 6, it is imperative that California rethink transportation and 
housing. 


CARB’s Programs and Progress in Priority Communities 


CARB has been working for over 50 years to reduce exposure to air pollution in California, 
and a key element for more than 35 years has been the program to control TACs. Several 
pieces of legislation created the foundation for California’s air toxics program. The program 
started in 1983 with the passage of Assembly Bill 1807 (Tanner, Statutes of 1983), which 
requires CARB to identify and control toxic air pollutants. Since then, CARB has identified 


42 Gauderman et al. (2005). Childhood asthma and exposure to traffic and nitrogen dioxide. Epidemiology, 737-
743; McConnell et al. (2006). Traffic, susceptibility, and childhood asthma. Environmental Health Perspectives, 
114(5), 766-772 
43 McConnell et al. (2010). Childhood incident asthma and traffic-related air pollution at home and school. 
Environmental Health Perspectives, 118(7), 1021-1026. doi:10.1289/ehp.0901232 
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more than 200 toxic air pollutants and has adopted and implemented 26 airborne toxic 
control measures, or ATCMs. 


The passage of the Hot Spots Information and Assessment Act (Assembly Bill 2588) in 1988 
created a program that requires commercial facilities to report their air toxics emissions, 
identify facilities that pose significant health risks and to reduce their emissions. Air toxics 
that have been identified and controlled include numerous substances that are primarily 
emitted from stationary sources like dry cleaners and chrome platers. Two notable toxics 
historically emitted by mobile sources are benzene in gasoline and diesel PM from cars and 
trucks. 


CARB identified diesel PM as a TAC in August 1998. Following its identification pursuant to 
the AB 1807, CARB determined the need and degree to further control diesel PM. With the 
participation of local air districts, industry, and interested public, CARB prepared a risk 
management guidance document and the Diesel Risk Reduction Plan to inform the 
regulatory process and achieve further diesel PM emission reductions. The reduction plan 
proposed new regulatory standards for all new on-road, off-road, and stationary diesel-fueled 
engines and vehicles to reduce diesel PM emissions by about 90 percent overall from 
2000 levels; new retrofit requirements for existing on-road, off-road, and stationary 
diesel-fueled engines and vehicles where determined to be technically feasible and 
cost-effective; and new Phase 2 diesel fuel regulations to reduce the sulfur content levels of 
diesel fuel to no more than 15 ppm to provide the quality of diesel fuel needed by the 
advanced diesel PM emission controls. Since the Diesel Risk Reduction Plan was completed 
in 2000, CARB has adopted ATCMs and regulations in alignment with the plan, including the 
landmark Truck and Bus Regulation, and has achieved a statewide reduction in ambient 
diesel PM levels of over 70 percent from 2000 levels. 


In an effort to establish CARB’s commitment to prioritizing environmental justice and 
integrating it into all programs, the Board adopted the Policies and Actions for 
Environmental Justice in December 2001. This established a framework for incorporating 
environmental justice into CARB's programs consistent with the directives of State law, and 
identified policies intended to promote the fair treatment of all Californians and cover the full 
spectrum of CARB activities. Underlying the policies was a recognition that meaningful 
engagement with community members as we carry out our activities is necessary. People 
should have the best possible information about the air they breathe and what is being done 
to reduce unhealthful air pollution in their communities. 


Although CARB has been working towards environmental justice for decades, it was through 
bills passed over the last 5 years that we were given a renewed opportunity to focus and 
engage directly in community-level planning to benefit priority populations. As directed by 
SB 350, CARB studied the barriers for low-income Californians to access clean transportation 
options including those in disadvantaged communities. In February 2018, CARB released the 
SB 350 Barriers Report which was an initial step in identifying the main barriers that 
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low-income residents, including those in disadvantaged and tribal communities, face in 
accessing clean transportation and mobility options. 


The passage of AB 617 and creation of CARB’s CAPP has given the State the opportunity to 
take a closer look at and dedicated targeted resources towards helping to reduce exposure 
to harmful pollutants in the State’s most heavily-impacted communities. Under the direction 
of AB 617 and guidelines created under the CAPP, beginning in 2018, CARB annually 
considers low-income and disadvantaged communities to begin new monitoring programs 
and emission reduction programs. CERPs are developed through coordination between 
CARB, local air districts, and community groups, and set five and ten-year targets to reduce 
community exposure – the targets of current CERPs adopted by the Board begin in 2024, 
with many programs including a focus on the turnover of dirty mobile sources and their 
engines to zero-emission technologies, as sought by communities and their representatives. 


In support of the goals of AB 617 and the CAPP, the Legislature has appropriated funding to 
support early actions to address localized air pollution through targeted incentive funding to 
deploy cleaner technologies in these communities, as well as grants to support community 
participation in the AB 617 process. Further, AB 617 includes new requirements for the 
accelerated retrofit of pollution controls on industrial sources, increased penalties, and 
greater transparency and availability of air quality and emissions data, which will help 
advance air pollution control efforts throughout the State. CAPP, together with efforts under 
SB 350, provide an opportunity to better integrate community, regional, and State-level 
programs to increase access to clean transportation and provide clean air for 
disproportionately impacted Californians. 


In addition to funding provided through the CAPP, CARB funds a suite of projects through 
the Low Carbon Transportation Program that prioritize equity by providing mobility and 
advanced technology transportation access to people in low-income and disadvantaged 
communities. Clean Cars 4 All is a program that focuses on providing incentives to 
lower-income California drivers to scrap their older, high-polluting car and replace it with a 
zero- or near zero-emission replacement. The Financing Assistance for Lower-Income 
Consumers Program, otherwise known as the Clean Vehicle Assistance Program, and local 
financing assistance project in the Bay Area, helps lower-income residents finance used or 
new conventional hybrid electric, plug-in hybrid electric, battery electric, or fuel cell electric 
vehicles. And finally, the Clean Mobility Voucher Pilot Program project supports 
zero-emission car-sharing, ride-sharing, bike-sharing, and innovative transit services for 
low-income and disadvantaged communities. All of these projects are specifically designed 
to benefit members of California’s communities most vulnerable to the effects of climate 
change and poor air quality, and support SB 350 and the State’s equity goals. 
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Other significant factors in CARB’s ability to target benefits in disadvantaged communities 
are the investment minimums for GGRF created under Assembly Bill 1550.44 AB 1550 
requires at least 25 percent of California Climate Investment funds go to projects within and 
benefitting disadvantaged communities, and at least an additional 10 percent is for 
low-income households or communities. CARB and other State agencies are continually 
striving to go beyond the requirements of AB 1550, with 57 percent of projects implemented 
using California Climate Investment funds to date benefiting California’s disadvantaged 
communities and low-income communities and households.45 Because mobile sources are 
such a significant source of emissions throughout the State, much of California Climate 
Investment funding allocated to CARB, including a considerable portion of CAPP funds, is 
used to incentivize development and deployment of cleaner mobile source technology. 


Alongside the planning efforts and specific incentive funding requirements, CARB has 
recently adopted many regulations, and is in the process of developing others described 
later in this document, to control emissions from sources that contribute the majority of 
emissions in many priority communities. These include regulations to control emissions from 
ocean-going vessels at berth and a number to control emissions from heavy-duty diesel 
trucks and buses. 


Recommendations from Community and EJ Groups 


CARB engages in a public process for all regulatory development and major planning efforts. 
This public process has evolved over time and varies depending on the types of actions 
being taken, but outreach and communication with community members and environmental 
justice advocates is now a critical piece of the process. Working directly with people that are 
experiencing the negative and often serious impacts of air pollution, and representatives of 
these communities, allows CARB to better identify the ways in which we can reduce 
emissions and exposure in those areas, and promote environmental justice through our 
programs and policies. 


One of the first direct and significant efforts to engage with environmental justice advocates 
was borne out of the development of the Climate Change Scoping Plan. AB 32 directed 
CARB to convene an environmental justice advisory committee (EJAC) to advise the Board in 
policies and programs involved in implementing AB 32. The EJAC is comprised of 
representatives from communities in the State with the most significant exposure to air 
pollution, including, but not limited to, communities with minority populations or low-income 
populations, or both. CARB reconvenes new EJACs for the development of each updated 
Scoping Plan, and this process is currently underway for the 2022 Scoping Plan Update. 


44 Gomez, Chapter 369, Statutes of 2016 
45 2020 California Climate Investments Annual Report 
https://ww2.arb.ca.gov/sites/default/files/classic//cc/capandtrade/auctionproceeds/2020_cci_annual_report.pdf 
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In addition, communities have been actively engaged as a part of the rulemaking process for 
many regulations; one such regulatory effort was the 2019 amendments to the Low Carbon 
Fuel Standard (LCFS). In alignment with additional comments received throughout the 
regulatory process, provisions were added within the LCFS regulation that require regulated 
entities to, in specified situations, use credits to support transportation electrification 
primarily serving low-income and disadvantaged communities, rural areas, or low-income 
individuals. Additionally, the regulatory amendments added provisions that promote 
coordination with local environmental justice advocates and local community-based 
organizations to develop and implement projects that promote transportation electrification 
in low-income and disadvantaged communities. 


Since 2017, CARB has engaged directly with members and representatives of priority 
populations and their community representatives at an unprecedented level through the 
CAPP, and through other planning and regulatory processes in part due to new outreach and 
engagement opportunities created through the CAPP process. Community groups have the 
most direct stake in the programs that will be implemented in their areas, and as such, have 
vital perspectives and recommendations for ways that such programs can achieve the most 
benefits. 


With the Revised Draft 2020 Strategy, CARB requested input and recommendations from 
community groups, and we will continue to do so as we finalize the 2020 Strategy, and 
progress in the development process to translate the concepts contained here into measures 
and legally-enforceable commitments in the State SIP Strategy, and incorporate the concepts 
into the 2022 Scoping Plan Update and CERPs. As with all ongoing and future planning 
processes across CARB, we will strive to reflect priorities of community members as we move 
forward in the process to develop the regulatory and programmatic concepts. 


Looking forward – Prioritizing Benefits in CARB’s Programs 


It is thanks to the recommendations from community groups and environmental justice 
advocates over the last 20 years that have directed CARB staff on ways that our programs 
can provide direct and sustained benefits to low-income and disadvantaged communities in 
California. That said, it remains a challenge to incorporate immediate actions into CARB 
regulations and programs. CARB staff recognizes that a considerable amount of work 
remains to realize environmental justice and racial equity, and continues to work toward 
those goals. 


Within the 2020 Strategy, there are many programmatic concepts that have the potential to 
significantly reduce emissions in low-income and disadvantaged communities, as well as 
promote equity across the State. These concepts that could provide benefits to priority 
communities are outlined in Table 2. 
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Table 2 – 2020 Strategy Concepts Providing Benefits in Priority Communities 


Type of 
Community 


Source Strategy Concepts 


All 
(especially 
those near 
heavily 
traveled 
roads) 


Cars 


• More aggressive zero-emission sales requirements and
strengthened pollutant controls for gasoline and diesel
engines starting in 2026


• Vehicle Miles Traveled reduction through increased access
to alternative mobility options such as walking, bicycling, 
transit, and equitably addressing land use issues through 
accelerated infill housing development and other means 


Trucks 


• Accelerate the transition of California truck fleets to zero-
emission technology starting in 2023 through both
manufacturer and fleet requirements


• Clean combustion engines starting in 2024 along with a
smog check program for heavy-duty trucks and buses to
ensure clean in-use operation starting in 2023


Near-Port 


Drayage 
Trucks 


• Starting 2023 only zero-emission trucks can be added to
drayage truck registry with a requirement for all drayage
trucks to be zero-emission by 2035


Ocean-
Going 
Vessels 


• Require cleanest vessel visits to California ports starting in
2023


• Introduce cleaner marine engine standards (require
federal and international actions) in late 2020s


Commercial 
Harbor Craft 


• Replace older and dirtier vessels with cleanest vessels by
2031


• Renewable diesel required for all vessels starting in 2023
• Zero-emission or hybrid technology requirements for


certain vessel types like ferries and excursions


Cargo 
Handling 
Equipment 


• Full transition to zero-emission equipment starting in
2026 at ports and railyards
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Type of 
Community Source Strategy Concepts 


Commercial 
/ Industrial 
& 
Warehouse 


Small Off-
Road Equip, 
Forklifts, 
Transport 
Refrigeration 
Units 


• Full transition to zero-emission equipment starting in 2024
• 100% of lawn & garden and light commercial equipment


(e.g., pressure washers) sales being zero-emission starting
2024


• Full transition to zero-emission transport refrigeration unit
(TRU) by 2033


Locomotives 


• Replace old locomotive with cleanest ones starting in
2024


• Limit idling time and remanufacturing to reduce in-use
emissions in 2030


• Introduce cleaner locomotive engines (U.S. EPA action
needed) in late 2020s


Construction, 
Industrial & 
Mining 


• Replace older and dirtier equipment with cleanest ones
by 2033


• Cleaner off-road engine emission standards in 2027
• Zero-emission and hybrid requirements in late 2020s


Other 


Recreational 
Boats 


• New emission standards along with electrification of small
outboard and personal watercraft engines


Aircraft 


• Require cleaner aircrafts visiting California’s airports


• Improve aircraft operational efficiency during landing and
takeoffs 


• Transition to zero-emission auxiliary power units that
provide electrical power when the main engines are off


Each of these concepts will be further developed into concrete and enforceable measures as 
a part of the 2022 State SIP Strategy, as appropriate, and also incorporated into the 2022 
Scoping Plan Update, CERPs, as well as other high-level planning efforts. Thus, in addition to 
a final Board hearing on the 2020 Strategy this summer, the concepts included here will see 
many opportunities for public input through the processes for these related planning 
documents and beyond that as they are further developed into regulations and other 
programs through formal rulemaking processes. As a part of the 2022 State SIP Strategy, 
CARB will be looking to identify opportunities for focusing implementation and reduction in 
priority communities. 
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Chapter 3 – Implementing the 2016 Mobile Source Strategy 


The 2016 Strategy included a suite of ambitious emission reduction measures designed to 
help the State meet a number of challenging air quality standards, achieve GHG emission 
reductions, decrease health risks from transportation emissions, and reduce petroleum 
consumption through 2031. 


Completed 2016 Mobile Source Strategy Measures 


Since the 2016 Strategy, a number of measures have been developed into regulations and, 
where applicable, adopted by the Board. These measures are listed in Table 3. 


Table 3 - Completed 2016 Mobile Source Strategy Measures 


2016 Mobile Source 
Strategy Measure Title 


Final Regulation / Project Title Adopted / 
Completed 


Innovative Technology 
Certification Flexibility 


Regulation to Provide Certification 
Flexibility for Innovative Heavy-Duty 
Engines 


October 2016 


More Stringent National 
Locomotive Emission 
Standards (CARB Petition) 


CARB Locomotive Emission Standards 
Petition to U.S. EPA for Rulemaking 


April 2017 


Medium and Heavy-Duty 
GHG Phase 2 


GHG Emissions Standards for Medium-
and Heavy-Duty Engines and Vehicles 
(Phase 2) 


February 2018 


Incentive Funding to Achieve 
Further Emission Reductions 
from On-Road Heavy-Duty 
Vehicles 


South Coast On-Road Heavy-Duty 
Vehicle Incentive Measure 


March 2018 


Lower In-Use Emission 
Performance Level 


• Amendments to the Heavy-Duty
Vehicle Inspection Program and
Periodic Smoke Inspection Program


• Amendments to the Emission Control
System Warranty Regulations and
Maintenance Provisions


• Heavy-Duty Omnibus Regulation


• May 2018


• June 2018


• August 2020
Advanced Clean Transit Innovative Clean Transit Regulation December 2018 
Zero-Emission Airport 
Shuttle Buses 


Zero-Emission Airport Shuttle Bus 
Regulation 


June 2019 


Last Mile Delivery Advanced Clean Truck Regulation June 2020 
Low-NOx Engine Standard – 
California Action 


Heavy-Duty Omnibus Regulation August 2020 
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2016 Mobile Source 
Strategy Measure Title 


Final Regulation / Project Title Adopted / 
Completed 


At-Berth Regulation 
Amendments 


Control Measure for Ocean-Going 
Vessels At Berth 


August 2020 


To address federally-regulated locomotives, CARB petitioned the United States 
Environmental Protection Agency (U.S. EPA) to undertake rulemaking to strengthen the 
existing Emission Standards for Locomotives and Locomotive Engines regulation. The 
petition, submitted pursuant to the Act and relevant codes,46 was sent to U.S. EPA in April 
2017 and California air districts, as well as environmental groups and other entities, 
submitted letters to U.S. EPA in support of the petition. Since that time, there has been no 
action at the federal level, but CARB is moving forward with the programmatic mechanisms 
available under State authority to reduce emissions from locomotives in California – this is 
described further in Chapter 2 and Chapter 6. 


Progress has been made in finalizing actions to control emissions from heavy-duty vehicles. 
The first regulatory success was the adoption of California’s Regulation to Provide 
Certification Flexibility for Innovative Heavy-Duty Engines.47 This regulation encouraged 
manufacturers to accelerate development and market launch of a diversity of cleaner 
medium- and heavy-duty vehicles 
and engines by providing 
defined certification and 
on-board diagnostic (OBD) 
compliance flexibility. The GHG 
Emission Standards for Medium-
and Heavy-Duty Engines and 
Vehicles (Phase 2) regulation was 
adopted by the Board in 
February 2018. This new round 
of vehicle and engine GHG 
standards built upon the Phase 1 standards adopted federally in 2011 and in California in 
2013. In addition to harmonizing with the federal Phase 2 standards finalized by U.S. EPA in 
October 2016, the CARB regulation includes some more stringent, California-only provisions 
that are necessary to meet California’s unique air quality challenges. Shortly thereafter, the 
Board adopted the South Coast On-Road Heavy-Duty Vehicle Incentive Measure in March 
2018 and submitted it to U.S. EPA for inclusion in the California SIP. This action consisted of 
a measure to report on emission reductions from the turnover of heavy-duty trucks to cleaner 
technologies funded through the Carl Moyer Memorial Air Quality Standards Attainment 
Program (Moyer Program) in the South Coast Air Basin. 


46 Title 5, United States Code (U.S.C.) section 553(e) 
47 https://ww3.arb.ca.gov/regact/2016/itr2016/itr2016.htm 
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https://ww2.arb.ca.gov/resources/documents/carb-petitions-us-epa-strengthen-locomotive-emission-standards

https://ww2.arb.ca.gov/resources/documents/carb-petitions-us-epa-strengthen-locomotive-emission-standards

https://ww2.arb.ca.gov/resources/documents/carb-petitions-us-epa-strengthen-locomotive-emission-standards

https://ww2.arb.ca.gov/our-work/programs/innovative-technology-regulation

https://ww2.arb.ca.gov/our-work/programs/innovative-technology-regulation

https://ww2.arb.ca.gov/rulemaking/2018/phase-2-and-tractor-trailer-amendments-regulation

https://ww2.arb.ca.gov/rulemaking/2018/phase-2-and-tractor-trailer-amendments-regulation

https://ww2.arb.ca.gov/rulemaking/2018/phase-2-and-tractor-trailer-amendments-regulation

https://ww2.arb.ca.gov/rulemaking/2018/phase-2-and-tractor-trailer-amendments-regulation

https://ww2.arb.ca.gov/resources/documents/implementation-state-sip-strategy

https://ww2.arb.ca.gov/our-work/programs/carl-moyer-memorial-air-quality-standards-attainment-program

https://ww2.arb.ca.gov/our-work/programs/carl-moyer-memorial-air-quality-standards-attainment-program

https://ww3.arb.ca.gov/regact/2016/itr2016/itr2016.htm
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In mid-2018, two elements of the Lower In-Use Emission Performance Level were adopted, 
the lower opacity limits for heavy-duty vehicles included as part of the Amendments to the 
Heavy-Duty Vehicle Inspection Program and Periodic Smoke Inspection Program in May 
2018,48 and Amendments to the Emission Control System Warranty Regulations and 
Maintenance Provisions in June 2018.49 Together, these two regulatory changes ensure lower 
levels of engine deterioration while heavy-duty vehicles are in operation. The lower opacity 
levels also provide CARB’s enforcement team with the tools needed to take corrective action 
against trucks with high exhaust PM emissions. 


The Innovative Clean Transit (ICT) Regulation targets reductions in transit fleets by requiring 
transit agencies to gradually transition their buses to zero-emission technologies. ICT was 
adopted by the Board in December 2018 and has helped to advance heavy-duty ZEV 
deployment, with buses acting as a beachhead in the heavy-duty sector. The Zero-Emission 
Airport Shuttle Regulation was adopted in June 2019 and targets airport shuttle buses, 
another beachhead market for zero-emission heavy-duty vehicles. The regulation requires 
airport shuttle operators to begin adding zero-emission shuttles to their fleets in 2027, and to 
complete the transition to ZEV by the end of 2035. 


The Last Mile Delivery measure in the 2016 Strategy envisioned a regulation with a strong 
focus on last mile delivery vehicles. Through the regulatory development process, the 
program has evolved substantially into the Advanced Clean Trucks (ACT) Regulation, 
adopted in June 2020, which requires medium-and heavy-duty manufacturers to sell ZEVs as 
an increasing portion of their annual sales beginning with model year 2024. The rule 
expanded well beyond the scope of the original measure to include many other heavy-duty 
vehicle applications beyond last mile delivery, and at the direction of the Board, has been 
strengthened in order to achieve greater reductions earlier than previously planned. 
Moreover, in addition to the ACT manufacturer sales requirements adopted last year, CARB 
staff is now working on complementary fleet requirements that will be brought to the Board 
for consideration in 2021 and begin implementation in 2023. The ultimate goal of this 
rulemaking is to transition the State’s fleet to zero-emission by 2045 where feasible, and 
move quicker in certain well suited segments such as last mile delivery, public fleets, drayage, 
refuse, buses, and utility fleets. 


The need for more stringent heavy-duty engine standards at both the State and federal level 
was discussed in the 2016 Strategy. Because vehicles originally purchased out-of-state 
contribute approximately 50 percent of the on-road heavy-duty vehicles miles travelled in 
California, a more stringent national heavy-duty engine standard to complement the State 
program is needed to achieve the emissions reductions required from this sector. While 
CARB recently adopted the Heavy-Duty Omnibus Regulation, efforts at the federal level are 


48 https://ww2.arb.ca.gov/rulemaking/2018/heavy-duty-vehicle-inspection-program-and-periodic-smoke-
inspection-program 
49 https://ww2.arb.ca.gov/rulemaking/2018/hd-warranty-2018 
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https://ww2.arb.ca.gov/our-work/programs/zero-emission-airport-shuttle

https://ww2.arb.ca.gov/rulemaking/2019/advancedcleantrucks

https://ww2.arb.ca.gov/our-work/programs/heavy-duty-low-nox

https://ww2.arb.ca.gov/rulemaking/2018/heavy-duty-vehicle-inspection-program-and-periodic-smoke-inspection-program

https://ww2.arb.ca.gov/rulemaking/2018/heavy-duty-vehicle-inspection-program-and-periodic-smoke-inspection-program

https://ww2.arb.ca.gov/rulemaking/2018/hd-warranty-2018
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not expected to be finalized until 2021 or 2022. The national program, known as the 
U.S. EPA Cleaner Trucks Initiative, was announced in November 2018, and an Advanced 
Notice of Proposed Rulemaking was released on January 21, 2020.50 


CARB staff is coordinating closely with U.S. EPA technical staff to ensure that the California 
program will meet the State’s needs while preserving the ability to harmonize with the 
federal program. Furthermore, CARB’s Heavy-Duty Omnibus Regulation also contains other 
requirements including longer useful life emission compliance, longer warranty periods, and 
more stringent in-use performance standards, all of which will improve the real world 
emissions performance of heavy-duty vehicles. The Omnibus Regulation will result in 23.2 tpd 
of NOx emission benefits in 2031, the equivalent of taking 16 million light-duty cars off the 
road. This regulation is estimated to prevent 3,900 premature deaths and 
3,150 hospitalizations statewide over the life of the regulation. 


The Control Measure for Ocean-Going Vessels At Berth is designed to reduce emissions from 
ships while docked at a port or marine terminal, otherwise known as at berth. While docked, 
vessels generate toxic and harmful exhaust that impacts surrounding communities, many of 


which are disadvantaged. Since 
2014, emissions from container, 
refrigerated cargo (reefer), and 
cruise vessels have been controlled 
at berth through CARB's existing 
At-Berth Regulation which results in 
a reduction of 80 percent of NOx 
and PM emissions from those vessel 
types (around 4,000 visits) by 2020. 
The recently adopted Control 
Measure for Ocean-Going Vessels 
At Berth expands the regulation to 
include additional vessel types and 
visits, as well as additional ports and 
terminals, as originally envisioned in 


the 2016 Strategy. At the direction of the Board, implementation has been accelerated in 
order to achieve reductions earlier than previously planned. 


50 Control of Air Pollution from New Motor Vehicles: Heavy-Duty Engine Standards, 85 Fed. Reg. 3306 (Jan. 21, 
2020). https://www.govinfo.gov/content/pkg/FR-2020-01-21/pdf/2020-00542.pdf 
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2016 Mobile Source Strategy Measures in Progress 


In addition to those measures already adopted, there are number of other measures that are 
progressing through the regulatory development process and are slated to be considered by 
the Board in the next 12 months. These measures are listed in Table 4. 


Table 4 – 2016 Mobile Source Strategy Measures in Progress 


2016 Mobile Source Strategy 
Measure Title 


Working Regulation / Project 
Title 


Anticipated 
Adoption / 
Completion 


Transport Refrigeration Units 
Used for Cold Storage 


Transport Refrigeration Units 2021 


Small Off-Road Engines Small Off-Road Engines 2021 
Lower In-Use Emission 
Performance Level 


Heavy-Duty Inspection and 
Maintenance Program 


2021 


Advanced Clean Cars 2 Light-duty Regulations for ZEVs, 
Criteria Emissions and GHG 
Emissions 


2022 


Low-Emission Diesel 
Requirement 


Low-Emission Diesel Requirement 2021 


Zero-Emission Forklift 
Regulation Phase 1 


Zero-Emission Forklift Regulation 2022 


Lower In-Use Performance 
Assessment 


Lower In-Use Performance 
Assessment 


Ongoing 


Incentivize Low-Emission 
Efficient Ship Visits 


Incentivize Low-Emission Efficient 
Ship Visits 


Ongoing 


The Heavy-Duty Inspection and Maintenance Program, otherwise known as Heavy-Duty I/M, 
was part of the Lower In-Use Emission Performance Level measure in the 2016 Strategy and 
the 2016 State SIP Strategy, but was developed further in the Valley State SIP Strategy 
(October 2018). The Heavy-Duty I/M Program will ensure that in-use emission control 
components and systems on heavy-duty trucks (those above 14,000 pounds gross vehicle 
weight rating) are properly functioning, so that these vehicles continue to operate at their 
cleanest possible levels for the duration of their on-road operation. In the past two years, 
CARB staff has held a series of public workshops and workgroup meetings, and expects to 
bring a regulation to the Board in 2021. To expand on the emission reduction opportunities, 
California Senate Bill 21051 was passed by the Legislature and signed into law by Governor 
Newsom on September 20, 2019. SB 210 enhanced the relevant regulatory authority by 
requiring that on-road heavy-duty diesel vehicles comply with the forthcoming Heavy-Duty 


51 Leyva, Chapter 298, Statutes of 2019 
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I/M program in order to register annually with the California Department of Motor Vehicles. 
This direct tie-in to vehicle registration ensures that the program will achieve maximum 
emissions reductions. 


The Advanced Clean Cars (ACC) regulatory program, adopted in 2012 to control emissions 
from passenger vehicles, combined the control of smog-causing pollutants and GHG 
emissions into a single coordinated package of regulations: the Low-Emission Vehicle III 
Regulation for criteria (LEV III Criteria) and GHG (LEV III GHG) emissions, and a 
technology-forcing mandate for ZEVs. The program was developed in coordination with 
U.S. EPA and the National Highway 
Traffic Safety Administration 
(NHTSA) and includes emissions 
standards for vehicle model years 
through 2025. Because federal 
agencies have since reversed course 
and rolled back the national 
standards for model years 2021 
through 2026, in addition to their 
decision to preempt California’s 
authority to regulate light-duty 
vehicle GHG emissions and ZEV 
technology, it is even more 
important that CARB move forward with California standards for model years 2026 and 
beyond to preserve the critical emissions reductions from the passenger vehicle sector.52 The 
Advanced Clean Cars II measure as discussed in the 2016 Strategy would increase the 
number of new ZEVs and plug-in hybrid electric vehicles (PHEVs) sold in California, and 
maximize criteria and GHG emissions reductions by setting standards for post-2025 model 
year vehicles. Advanced Clean Cars II is currently planned for consideration by the Board in 
2022. 


The “Lower In-Use Emission Performance Assessment” measure is an ongoing effort to 
ensure in-use light-duty vehicles continue to operate at their cleanest possible level. As such, 
both CARB and the Bureau of Automotive Repair (BAR) are continuously improving both the 
Smog Check Program and the On-Board Diagnostic Program through various activities. Since 
the 2016 Strategy was released, CARB staff have presented results of an internal study that 
documented the effectiveness of the OBD program in improving air quality at the 2019 SAE 
OBD Symposium, implemented a test program to investigate and analyze in-use vehicles that 
had passing OBD smog check inspections but high tailpipe emissions,53 and proposed 


52 See The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule Part One: One National Program, 84 Fed. Reg. 
51,310 (Sept. 27, 2019). Enforcing new California light-duty vehicle greenhouse gas emission and zero-emission 
vehicle regulations will depend on restoration of the State’s authority to do so. 
53 Project no. 2S19V01, May 2019 
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changes to the OBD regulation to improve OBD functionality (2021 proposed board hearing 
date). Additionally, BAR staff have created yearly Smog Check Performance Reports that 
include various assessments of Smog Check Program data and data collected as part of 
BAR’s Random Roadside Inspection Program. BAR staff have also implemented improved 
smog inspection procedures and methods to mitigate fraud, such as implementing 
permanent diagnostic trouble codes as new inspection failure criteria, blocking vehicle 
inspection certification if fraudulent vehicle testing is suspected, and improving enforcement 
efforts against smog stations and technicians performing fraudulent inspections. 


Other efforts that were included as measures in the 2016 Strategy focused on the off-road 
and fuels sectors. The Zero-Emission Forklift Regulation is under development by CARB staff, 
and is anticipated to be considered by the Board in early 2022. The Low-Emission Diesel Fuel 
Requirement has been discussed at CARB workshops and is planned to be brought to the 
Board in 2021. Finally, the measure from the 2016 Strategy to Incentivize Low-Emission 
Efficient Ship Visits is continuing to be explored by staff in conjunction with the South Coast 
Air Quality Management District and other local entity partners. 


Role of Incentive Programs in Reducing Emissions from California’s 
Mobile Fleet 


The 2016 Strategy identified a need for incentive funding for mobile source turnover in 
specific regions and throughout the State. Moving forward, the scenarios detailed Chapter 6 
show that in order to meet ambient air quality standards, reduce near-term risk in our most 
disadvantaged communities, and meet climate targets, a sweeping transformation of the 
mobile sector will be needed. While regulatory mechanisms have and will continue to achieve 
a majority of the necessary emissions reductions, incentive funding is of critical importance, 
especially in the near-term to advance technology development and deployment and 
accelerate the rate of fleet turnover to the levels needed to meet targets. Since release of 
the 2016 Strategy, the Legislature has identified and appropriated significant amounts of 
funding to a variety of CARB’s incentive programs. As the State moves forward, it is 
important to recognize that significant continued public and private investment will be 
necessary in order to reach the levels of cleaner technology needed in the specified 
timeframes. 


The State, in partnership with the local air districts, has a well-established history of using 
incentive programs to advance technology development and deployment, and to achieve 
early emission reductions. Since 1998, CARB and air districts have been administering 
incentive funding for cleaner vehicles, starting with the Moyer Program. In recognition of the 
key role that incentives play in complementing State and local air quality regulations to 
reduce emissions, the scope and scale of California’s air quality incentive programs has since 
greatly expanded, with many new programs building on the success of the Moyer Program. 
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Each of CARB’s incentive programs has its own statutory requirements, goals, and categories 
of eligible projects to make the portfolio diverse and far-reaching. In total, these programs 
address multiple goals, including: 


• Turning over the legacy fleet to achieve cost-effective, emission reductions in support
of SIP, air toxics, and community air protection goals;


• Accelerating the introduction and deployment of zero-emission technologies to meet
California’s air quality and mid-century climate change goals;


• Improving access to clean transportation for low-income households, and investing in
the disadvantaged and low-income communities most impacted by pollution; and


• Supporting a green economy.


CARB works each year to prioritize expenditure of available funding between the programs 
and projects described below to achieve the complementary program goals. This is 
accomplished with input from the public and interested stakeholders as part of an ongoing 
public process. The annual Funding Plan for Clean Transportation Incentives is adopted by 
the Board and is the principal result of this prioritization effort, serving as the blueprint for 
expending the Clean Transportation Incentives funds appropriated to CARB each year in the 
State budget. The plan establishes CARB’s priorities for the funding cycle, describes the 
projects CARB intends to fund, and sets funding targets for each project. While the annual 
Funding Plan for Clean Transportation Incentives includes only programs funded through 
Low Carbon Transportation Investments and AQIP, funding to the rest of CARB’s incentive 
portfolio is also prioritized on a regular basis to meet the respective program goals. 


As can be seen in Figure 3, CARB’s portfolio of incentive programs are used to accelerate all 
stages of technology commercialization by promoting the purchase of cleaner vehicles and 
equipment, assisting vehicle and equipment owners with the cost of upgrading their vehicles, 
and increasing development and deployment of cleaner and advanced zero-emission 
technologies. These programs include the Moyer Program, Low Carbon Transportation 
Investments, AQIP, the Truck Loan Assistance Program, and the Proposition 1B: Goods 
Movement Emission Reduction (Prop 1B) Program. More recently established programs 
include the FARMER Program, AB 617 CAPP incentives, and funds available through the 
Volkswagen (VW) Environmental Mitigation Trust. 
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Figure 3 - CARB's Incentive Portfolio 
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The Moyer Program, funded by dedicated revenue from the Department of Motor Vehicle 
smog abatement fee and a fee on the purchase of new tires, provides approximately 
$94 million in grant funding annually through local air districts for cleaner-than-required 
engines and equipment. Due to the enactment of Assembly Bill 1274,54 funding for the 
Moyer Program is expected to increase in future years. The Low Carbon Transportation and 
AQIP programs provide incentive funding with goals of improving access to clean 
transportation and mobility and reducing greenhouse gas emissions, criteria pollutants, and 
air toxics by funding accelerated development and early commercial deployment of the 
cleanest technologies. AQIP, while a related program, is appropriated from a different 
funding source, the Air Quality Improvement Fund. 


Along with the multitude of grant and rebate opportunities available under the Low Carbon 
Transportation investments and AQIP, the Truck Loan Assistance Program was created 
through a one-time appropriation of approximately $35 million in the 2008 State Budget to 
implement a heavy-duty loan program that assists on-road fleets affected by the Truck and 
Bus Regulation and the Heavy-Duty Tractor-Trailer Greenhouse Gas Regulation. Since that 
time, CARB has continued to operate this program with subsequently-appropriated AQIP 
funds of around $28 million annually to provide financing opportunities to small-business 
truckers who fall below conventional lending criteria and are unable to qualify for traditional 
financing for cleaner trucks. 


In addition to these programs, the Prop 1B Program was created to reduce exposure for 
populations living near freight corridors and facilities that were being adversely impacted by 
emissions from goods movement. This program provided incentives to owners of equipment 
used in freight movement to upgrade to cleaner technologies sooner than required by law or 


54 O’Donnell, Chapter 633, Statutes of 2017 
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regulation. Voters approved $1 billion in total funding for the air quality element of the 
Prop 1B Program to complement $2 billion in freight infrastructure funding under the same 
ballot initiative. While all Prop 1B Program funds have been awarded to the local air districts 
for implementation, the program framework exists to serve as a mechanism to award clean 
truck funds through newer funding programs. 


In 2015, after a CARB-led investigation, in concert with U.S. EPA, VW admitted to 
deliberately installing emission defeat devices on nearly 600,000 VW, Audi, and Porsche 
diesel vehicles sold in the United States, approximately 85,000 of which were sold in 
California. The VW California settlement agreement includes both a Mitigation Trust to 
mitigate the excess NOx emissions caused by the company’s use of illegal defeat devices in 
their vehicles, as well as a ZEV Investment Commitment to help grow the State’s expanding 
ZEV program. The Mitigation Trust includes approximately $423 million for California to be 
used as specified in the settlement agreement. Per the Beneficiary Mitigation Plan approved 
by CARB in 2018, this funding will be used to replace older heavy-duty trucks, buses, and 
freight vehicles and equipment with cleaner models, with a focus on zero-emission 
technologies where available and cleaner combustion everywhere else, as well as to fund 
light-duty ZEV infrastructure. In addition, there have been mitigation funds established as the 
result of other settlements from which funding is used to support clean technologies. 


Since 2017, the Legislature through various budget bills has established a number of new 
incentive programs that are implemented through CARB. In addition to the planning and 
monitoring aspects of the aforementioned AB 617 CAPP, the State Legislature provided 
funding to achieve early emissions reductions in the communities most impacted by air 
pollution. Despite the fact that there is not a dedicated funding source for the Community 
Air Protection Incentives, funding appropriated from GGRF by the Legislature has been 
substantial. Alongside the 2018 funding allocation, the Legislature expanded the possible 
uses of AB 617 funds to include: Moyer and Proposition 1B eligible projects with a priority on 
zero-emission projects; zero-emission charging infrastructure; stationary source projects; and 
additional projects consistent with the CERPs. CARB and air districts partner to run the 
program, with CARB developing guidelines and the districts administering funds for their 
regions. In most cases throughout the State, selected communities have identified mobile 
source emissions as a target for reductions; therefore, it is likely that a significant portion of 
the AB 617-allocated funding will incentivize the accelerated turnover to cleaner vehicles and 
equipment in and around low-income and disadvantaged communities. 


As mentioned, CARB funds a suite of projects through the Low Carbon Transportation 
Program that prioritize equity by providing mobility and advanced technology transportation 
access to people in low-income and disadvantaged communities. Clean Cars 4 All is a 
program that focuses on providing incentives to lower-income California drivers to scrap their 
older, high-polluting car and replace it with a zero- or near zero-emission replacement. The 
Financing Assistance for Lower-Income Consumers Program, otherwise known as the Clean 
Vehicle Assistance Program, and local financing assistance project in the Bay Area, helps 
lower-income residents finance used or new conventional hybrid electric, plug-in hybrid 
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electric, battery electric, or fuel cell electric vehicles. The Sustainable Transportation Equity 
Project (STEP) is a new pilot that takes a community-based approach to overcoming barriers 
to clean transportation in disadvantaged and low-income communities throughout California. 
STEP aims to address community residents’ transportation needs, increase residents’ access 
to key destinations (e.g., schools, grocery stores, workplaces, community centers, medical 
facilities), and reduce greenhouse gas emissions. And finally, the Clean Mobility Voucher Pilot 
Program project supports zero-emission car-sharing, ride-sharing, bike-sharing, and 
innovative transit services for low-income and disadvantaged communities. All of these 
projects are specifically designed to benefit members of California’s communities most 
vulnerable to the effects of climate change and poor air quality, and support SB 350 and the 
State’s equity goals. 


As part of the 2017 State Budget, the Legislature 
appropriated $135 million to CARB to reduce 
agricultural sector emissions through grants, 
rebates, and other financial incentives for 
agricultural harvesting equipment, trucks, 
agricultural pump engines, tractors, and other 
equipment used in agricultural operations. CARB 
developed the FARMER Program and approved 
guidelines that establish the program framework, 
eligible projects, reporting requirements, and 
oversight provisions. CARB is directing this 
funding to air districts to administer for 
agricultural truck and equipment replacement 
projects. 


Another more recently-established project under the Low Carbon Transportation investments 
is the Clean Off-Road Equipment Voucher Incentive Project, known as CORE. CORE is 
designed to accelerate deployment of cleaner off-road technologies by providing a 
streamlined way for fleets ready to purchase specific zero-emission equipment to receive 
funding to offset the higher cost of such technologies. This project is analogous to the Hybrid 
and Zero-Emission Truck and Bus Voucher Incentive Project (HVIP), but specifically targets 
zero-emission off-road freight equipment that is currently in the early stages of commercial 
deployment. Borne out of a $40 million allocation of Low Carbon Transportation funds in the 
Fiscal Year 2017-18 CARB Low Carbon Transportation and AQIP Funding Plan, CORE 
provides vouchers to California purchasers and lessees of zero-emission off-road freight 
equipment on a first-come, first-serve basis, with increased incentives for equipment located 
in disadvantaged communities. 


Given the COVID-19 pandemic and the resulting health and economic crisis, California’s 2020 
State Budget was drastically different from those enacted in recent years reflected estimated 
spending of $5.7 billion to respond directly to the COVID-19 pandemic. Despite this fact and 
the initial budget deficit last year, California has rebounded and proved resilient through the 
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COVID-19 pandemic such that the fiscal outlook for 2021 is significantly better, as 
demonstrated by the 2021 State Budget. Among other things, the 2021-22 State Budget 
includes an unprecedented level of investment in ZEVs, with $2.3 billion for CARB over the 
next three years as part of a $3.9 billion comprehensive, multi-agency package to accelerate 
progress toward the state’s 2035 and 2045 zero-emission vehicle goals. 


Ongoing Push to Identify Potential New Controls 


Regardless of near-term challenges with levels of incentive funding or timing of federal 
regulatory action, CARB is moving forward to address mobile source emissions and will take 
action where possible to lower emissions now. For the near-term, there is potential for 
emissions reductions from newer programs that are expected to be considered by the Board 
over the next couple of years; these could provide significant benefits in communities of 
concern and the broader regions that need further reductions for attainment of air quality 
standards. In addition, there are newer regulatory concepts that are in earlier phases of 
development, but will likely achieve reductions in time for the mid-term 2030, 2031, and 
2037 deadlines. These are described in detail in the following chapter. 
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Chapter 4 - CARB Actions to Achieve Near Term Emissions 
Reductions 


As outlined earlier, California has the two areas with the most critical near-term air quality 
challenges in the nation, the South Coast and the San Joaquin Valley air basins. The 
near-term targets for these areas are attainment of the 80 ppb 8-hour ozone standard by 
2023, the 35 microgram per cubic meter (µg/m3) 24-hour fine particulate matter (PM2.5) 
standard by 2024, and the 12 µg/m3 annual PM2.5 standard by 2025. Additionally, by 2031, 
both regions are required to meet the 75 ppb 8-hour ozone standard. Also, there is an 
immediate need to reduce emissions and exposure in communities that are 
disproportionately impacted by high levels of localized pollution. The selected communities 
under California’s AB 617 CAPP have five and ten-year targets to reduce exposure, with 2024 
being the target date for the first tranche of Community Emissions Reduction Plans (CERPs). 
Achieving emission reductions through mobile source regulatory actions (e.g., emissions 
standards) takes time. Emission standards for new vehicles and engines adopted today will 
not realize substantial emission reductions until years in the future due to the need for 
manufacturers to design and put into production new models, and the subsequent time for 
the existing fleet to turnover to newer, cleaner equipment. To achieve near-term emission 
reductions, CARB has focused on in-use emissions, incentives, and sectors in which proven 
technology can be more rapidly deployed. Emission reductions from federal and local 
sources are also critical to achieving near-term targets and are discussed in greater depth 
later in this chapter. 


With respect to regional air quality issues, the overall attainment strategies are defined 
through the SIP process,55,56 which considers all sources, mobile, stationary and area sources. 
Through the SIPs for South Coast and San Joaquin Valley, CARB and the local air districts 
have committed to NOx and PM emissions reductions from all sectors through various 
measures, while recognizing that additional measures are needed to attain the standards. For 
example, to meet the 8-hour ozone standards in South Coast Air Basin, an additional 108 tpd 
and 88 tpd of NOx emission reduction is needed in 2023 and 2031 respectively,57 relative to 
the baseline emissions included in the most recent attainment plans. In San Joaquin Valley, 
an additional 13 tpd of NOx and 0.1 tpd of PM2.5 emissions reduction are needed to meet 
the 2024 and 2025 targets,58 respectively. This section of the 2020 Strategy highlights the 
major near-term mobile source measures that CARB will consider to make progress towards 


55 CARB. 2019. South Coast 8-Hour Ozone SIP Update. Available: 
https://ww3.arb.ca.gov/planning/sip/planarea/scabsip/2019o3update.pdf 
56 https://ww3.arb.ca.gov/board/books/2020/102220/20-11-5pres.pdf 
57 https://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2016-air-quality-
management-plan/1997-ozone-contingency-measure-plan/scab-1997-8-hour-ozone---public-consultation-
meeting---presentation.pdf?sfvrsn=6 
58 https://ww3.arb.ca.gov/board/books/2020/102220/20-11-5pres.pdf 
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attaining the national ambient air quality standards and reducing exposure in impacted 
communities. As CARB develops the State SIP Strategy and subsequent SIP commitments 
for submittal to U.S. EPA, we will also consider, in coordination with other local and state 
agencies, opportunities for emission reductions for other sectors, such as new and existing 
buildings. 


On-Road Vehicles 


As previously described, CARB has recently adopted a number of regulations for the on-road 
heavy-duty sector, including Heavy-Duty Warranty Phase 1, Periodic Smoke Inspection 
Program (PSIP) Amendments, Innovative Clean Transit (ICT), Zero-Emission Airport Shuttle 
Bus, Advanced Clean Trucks (ACT), and Heavy-Duty Omnibus (see Chapter 3 for more 
details). In addition to these adopted measures, CARB is considering a suite of enhanced or 
new measures to further reduce emissions from heavy-duty vehicles in California such as: 


• Heavy-Duty Inspection and Maintenance Program; and
• Advanced Clean Fleets including Zero-Emission Drayage


In addition to heavy-duty regulations, CARB is considering Advanced Clean Cars II for the 
on-road light and medium-duty vehicles. 


These measures are further described in the following sections. 


Heavy-Duty Inspection and Maintenance Program – Implementation in 2023 


Over the years, CARB has adopted regulations designed to reduce emissions from 
heavy-duty truck fleets by mandating vehicles to meet stricter emissions standards, and 
requiring replacement of older engines with cleaner engine technology that includes diesel 
particulate filters, NOx controls, and OBD. As a result of these collective efforts, emissions 
from heavy-duty vehicles are lower than in previous years and are continuing to decline. 
While emissions from heavy-duty trucks are declining, they are still significant; and the 
majority of heavy-duty truck emissions are now coming from a small percentage of vehicles 
whose engines and emissions control systems are malfunctioning or are poorly maintained. 
As shown in Figure 4, CARB staff estimate that by 2031, 65 percent of PM emissions and 
47 percent of NOx emissions from heavy-duty diesel trucks will be due to emissions control 
systems that are malfunctioning or poorly maintained. 
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Figure 4 – NOx and PM2.5 Emission Contributions from Malfunctioning Heavy-Duty 
Diesel Trucks in California 


Statewide PM2.5 Emissions from HD Statewide NOx Emissions from 
Diesel Trucks in 2031 HD Diesel Trucks in 2031 


Pre-2010 Clean 
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Vehicles 
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(Dirty) Vehicles 
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Pre-2010 Clean Vehicles 
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Vehicles 


47% 


CARB staff, in consultation with its state agency partners,59 is developing a comprehensive 
heavy-duty vehicle inspection and maintenance program (Heavy-Duty I/M) as directed by 
Senate Bill 210 (Leyva; Statutes of 2019). The proposed program would apply to all on-road 
non-gasoline60 heavy-duty vehicles with a gross vehicle weight rating over 14,000 pounds 
that operate in California, including vehicles registered out of state and out of country. This 
robust program would be the first-of-its-kind to rely on remote telematics to periodically 
download and transmit engines’ OBD data to 
CARB for use in identifying malfunctioning 
emissions-related components and requiring 
timely repairs. The periodic testing 
component would be complemented by 
roadside emissions monitoring (remote 
sensing devices and/or CARB’s Portable 
Emissions AcQuisition System, known as 
PEAQS) to detect high emitting vehicles 
between periodic test cycles and require 
additional testing and repair to ensure 
emissions control components are operating 
properly. Vehicle owners would be required 
to demonstrate that their vehicles’ emissions 


59 The California Department of Motor Vehicles (DMV), California Highway Patrol (CHP), the Bureau of 
Automotive Repair (BAR), and the California Department of Food and Agriculture (CDFA). 
60 Heavy-duty gasoline vehicles with a gross vehicle weight rating over 14,000 pounds are already required to 
comply with BAR’s Smog Check program. 
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control systems are properly functioning, thereby reducing excess NOx and PM emissions 
resulting from mal-maintenance and tampering. Key program elements include: 
1) streamlined testing processes that nearly eliminates vehicle downtime for inspections;
2) requirements for all heavy-duty vehicles to possess a valid compliance certificate accessible
upon request by CARB or CHP inspectors; and 3) the ability for DMV to withhold vehicle
registration on non-compliant California vehicles. The regulation is projected to begin
implementation starting January 1, 2023.


To ensure that the benefits of the Heavy-Duty I/M program will be maximized in the 
near-term, CARB is planning to deploy a network of PEAQS sensors in the South Coast and 
San Joaquin Valley regions. PEAQS captures a portion of the emissions from the exhaust 
plumes of passing heavy-duty vehicles and, within seconds, reports the concentration of 
pollutants, including carbon dioxide (CO2), black carbon particulate matter (BC), and 
nitrogen oxide (NO), in the vehicle exhaust. 


Since early 2019, CARB has been working to adapt PEAQS into a rugged, autonomous, 
remote sensing device that can be deployed at locations throughout the state and transmit 
data back to CARB data servers. These autonomous units also capture identifying 
characteristics of the vehicle associated with a particular emissions plume. 


In August of 2019, CARB staff installed the first autonomous, roadside plume capture, 
remote sensing device in San Bernardino County. Following that successful rollout, CARB 
installed the second autonomous PEAQS unit in Riverside County in August of 2020. These 
systems have monitored thousands of vehicles and are used to enforce opacity emissions 
standards established by current CARB regulations. 


Moving forward, CARB plans to retrofit these two systems with NOx sensors and will install 
all future systems with NOx sensors to support enforcement of the forthcoming 
Heavy-Duty I/M Program, which regulates both particulate matter and NOx emissions. Under 
this regulation, enforcement action will be initiated on high emitting trucks screened by 
PEAQS and repairs will be required if follow up tests indicate the need for maintenance. 


Because of the immediate need for PM and NOx emissions reductions to achieve air quality 
targets, in advance of the Heavy-Duty I/M regulation, CARB plans to install eight more units 
within the San Joaquin Valley and South Coast Air Basins by January 1, 2023 bringing the 
network to a total of 10 systems. Two to three of these systems will be installed over the 
course of 2021 in Madera, Kern, and Los Angeles Counties. In 2022, CARB will install the 
remaining five to six systems in Los Angeles, Merced, and Riverside Counties. 


CARB staff has conducted a series of public workshops and workgroup meetings for 
Heavy-Duty I/M to engage stakeholders and invite their input throughout CARB’s public 
process for program development and will continue to do so throughout 2021. The Board 
will consider the proposed Heavy-Duty I/M regulation at its December 2021 Board hearing. 


50 







      


 


 


         
 


             
            


              
             


               
             


             
              


              
          


           
                


                
                 


              
            


  


           
      


         
       


        
        


       
       


       
       


      
       


            
             


              
            


            


 


   


October 28, 2021 


Advanced Clean Fleets and Zero-Emission Drayage – Implementation in 
2023 


Besides the Heavy-Duty I/M regulation, CARB is also considering measures to accelerate the 
turnover of the heavy-duty diesel vehicles by setting zero-emission requirements for fleets. 
The proposed Advanced Clean Fleets (ACF) regulation will focus on strategies to ensure that 
the cleanest vehicles are deployed by government, business, and other entities in California 
to meet their transportation needs. This effort is part of a comprehensive strategy to achieve 
a zero-emission vehicle truck and bus fleet by 2045 everywhere feasible, and significantly 
earlier for certain well-suited market segments as directed by the Advanced Clean Trucks 
resolution and Executive Order N-79-20. The initial focus is on high priority private fleets, 
public fleets, and drayage fleets, where the initial transition to zero-emission would occur in 
applications where zero-emission technologies are well suited for use. 


The proposed ACF regulation will have multiple components including requirements for 
public fleets, private and federal fleets, and drayage trucks. In order to make sure fleets have 
enough ZEVs to meet the ACF requirements, they will likely need to turn over some older 
vehicles that are past their useful life and replace them with ZEVs. Staff plans to bring a 
recommendation to the Board in December 2021 with a final decision in early 2022. 
Implementation would begin in 2023 to complement the approved Advanced Clean Trucks 
regulation. 


To support ACF’s drayage targets, CARB is developing zero-emission drayage truck 
requirements. The current concept will require 
all Class 7 and 8 drayage trucks operating at 
intermodal seaports or railyards to be full 
zero-by 2035. To achieve this target, all trucks 
that are added to the statewide drayage truck 
registry shall be zero-emission starting in 2023. 
In 2035, any truck entering seaports or 
intermodal railyards would be required to be 
zero-emission. Over the last couple of months, 
CARB staff held several workgroup meetings 
focused on how to transition public fleets, 
private and federal fleets, and drayage trucks to zero-emissions.61 CARB also recently 
initiated an effort called “Project 800” to support the deployment of zero-emission trucks 
serving California ports with the goal of having 800 zero-emission drayage truck orders in 
2021 and to address financial and other technical issues associated with large-scale 
zero-emission truck deployments in California. As discussed in the December 2020 CARB 


61 https://ww2.arb.ca.gov/our-work/programs/advanced-clean-fleets/advanced-clean-fleets-meetings-events 
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Board hearing, CARB staff are also proposing funding and incentive plans to further 
accelerate the transition of fleets to zero-emission technology.62 


In addition to near-term measures discussed earlier, it is noteworthy to mention that 
U.S. EPA is planning to adopt new NOx emission standards for heavy-duty vehicles through 
an effort known as the Cleaner Trucks Initiative (CTI).63 U.S. EPA released an Advanced 
Notice of Proposed Rulemaking in 2020 with potential program elements, including lower 
NOx emission standards, improvements to in-use testing procedures, lengthened warranty 
for emission-related components, lengthened useful life, consideration of rebuilding, and 
incentives to transition to newer technology. These new standards are planned for model 
year 2027 and newer vehicles. Proposed rulemaking for CTI is expected to take place in 
2021. 


Advanced Clean Cars (ACC) II – Implementation in 2026 


The Advanced Clean Cars (ACC) regulations are responsible for setting criteria pollutant and 
GHG emission standards for light-duty and medium-duty vehicles and establishing a ZEV 
requirement. Building on ACC I which reduced fleet average non-methane organic gas 
(NMOG)+NOx emissions from roughly 0.1 g/mile for new model year 2016 vehicles to 
0.03 g/mile for model year 2025 vehicles, ACC II is currently in development to strengthen 
criteria pollutant control measures beyond model year 2025 and ensure that the regulatory 
requirements translate into real-world emission benefits and contribute to 2031 attainment of 
regional SIP targets. Additionally, staff will be proposing how to increase the ZEV 
requirement towards the 100 percent target established by the Governor’s Executive 
Order N-79-20, as well as creating new requirements for ZEVs to ensure that they can serve 
as full replacement vehicles for conventional combustion vehicles for further emission 
reductions. The regulatory package is anticipated for Board consideration in summer 2022. 


Given the fleet average basis for NMOG+NOx criteria standards, staff is currently 
considering various options to prevent new combustion vehicles from being certified at 
higher emission levels as a greater volume of ZEVs enter the market. Staff is considering 
whether to exclude ZEVs from the fleet average calculation or lower the fleet average to 
account for the growing share of ZEVs as well as further promote a transition to cleaner 
combustion. Staff is also proposing to eliminate some of the highest certification bins to 
ensure conventional vehicles are forced to certify to cleaner emission levels. The proposed 
changes further reduce NOx emissions reductions by accounting for aggressive driving 
conditions and better controlling cold start emissions. Changes to the plug-in hybrid (PHEV) 
test procedures will also help reduce NOx emissions that are generated by PHEV cold starts 
that occur during high-power driving. 


62 https://content.govdelivery.com/accounts/CARB/bulletins/2b59347 
63 https://www.epa.gov/regulations-emissions-vehicles-and-engines/cleaner-trucks-initiative 
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Additionally, staff will propose changes for medium-duty vehicles that were recently included 
in the Heavy-Duty Omnibus Regulation. As this vehicle class can also certify using light-duty 
chassis certification procedures, staff is currently investigating changes to these procedures 
and requirements to ensure that equivalent emission reductions are achieved regardless of 
which regulation a medium-duty vehicle certifies under. 


Finally, increasing ZEV market shares as proposed in ACC II will also contribute to NOx 
emission reductions, but only if these ZEVs are displacing miles driven by combustion 
vehicles. To ensure these emission benefits are sustained over the full life of the vehicle, 
proposed new ZEV assurance measures will require manufacturers to provide a warranty and 
meet a durability requirement, similar to what is required for emission control systems on 
conventional vehicles. A battery state of health indicator is also being proposed to facilitate 
warranty claims and ensure consumers can be fully informed on the battery’s condition. 
Lastly, should an older ZEV eventually need repair, staff is proposing that service information 
be provided by the manufacturer to all licensed repair technicians and not just dealer service 
centers. 


Table 5 lists NOx emission reductions in the South Coast and San Joaquin Valley from the 
near-term on-road measures discussed above including those that are already adopted by 
the Board. Targeting in-use malfunctioning vehicles, Heavy-Duty I/M will bring immediate 
and essential emission reductions once it is implemented. The Heavy-Duty I/M program is 
anticipated to reduce NOx by 3.5 tpd from South Coast air basin baseline emissions levels in 
2023. By 2031, other new measures will provide additional emissions reductions, resulting in 
overall NOx emission reductions of 38-42 tpd. Similarly, in 2024, near-term measures will 
provide 11 tpd NOx benefits from the baseline in the San Joaquin Valley. Roadside emissions 
monitoring with PEAQS through Heavy-Duty I/M and ZE Drayage and ACF will achieve some 
additional NOx emissions reductions beyond CARB’s mobile source commitments in 
2016 State SIP Strategy. Note that Heavy-Duty I/M provides more emissions benefits starting 
in 2024, after the program is fully phased in. 


Table 5 – On-Road NOx Emissions Benefits 


Measure(s) South Coast 
2023 


San Joaquin 
Valley 2024 


South Coast 
2031 


ACT and Omnibus <0.1 tpd <0.1 tpd 7 tpd 
Federal CTI 0 tpd 0 tpd 4 tpd 


Heavy-Duty I/M 3.5 tpd 11 tpd 18 tpd 
ZE Drayage and ACF 0 tpd <0.1 tpd 6-10 tpd


ACC II 0 tpd 0 tpd 3.2 tpd 
Total 3.5 tpd 11 tpd 38-42 tpd


CARB’s efforts to reduce PM2.5 emissions statewide are expected to have significant 
co-benefits in communities that are disproportionately impacted by poor air quality. While 
exposure to cancer-causing diesel particles has decreased substantially in all communities, 


53 







      


 


 


            
           


         
               


             
             
           


            
            
               


               
     


         


 
   


    
    


    
    
     


              
             


     


               
           


             
            


         


           
               


                
           


            
              


 


                
  


   


 


 


 


 


 


 


October 28, 2021 


including reductions in disadvantaged communities that are three times greater than other 
communities, exposure to diesel particles in disadvantaged communities remains on average 
twice that experienced in non-disadvantaged communities.64 Consistent with the 
2018 CERPs, the near term measures listed in this chapter go beyond existing efforts to 
further reduce air pollution disparities and will further reduce cumulative exposure to air 
pollution in disadvantaged communities.65 In particular, ZE Drayage will result in lower PM2.5 
emissions in communities located near ports. Substantial PM2.5 emission reductions from 
Heavy-Duty I/M will also have co-benefits in communities adjacent to warehouses, ports, 
railyards and other facilities that generate heavy-duty truck traffic. The near-term on-road 
measures discussed in this chapter are expected to reduce PM2.5 emissions by 0.6 tpd and 
0.9 tpd in 2025 and 2030, respectively. Table 6 provides further details on PM2.5 emission 
reductions from each measure. 


Table 6 – Statewide PM2.5 Benefits from On-Road Measures 


Measure(s) Statewide 
2024 


Statewide 
2025 


Statewide 
2030 


ACT <0.01 tpd <0.01 tpd 0.03 tpd 
Heavy-Duty I/M 0.5 tpd 0.6 tpd 0.8 tpd 


ZE Drayage and ACF <0.01 tpd <0.01 tpd 0.2 tpd 
ACC II 0 tpd 0 tpd NYQ 
Total 0.5 tpd 0.6 tpd 1.0 tpd 


For programs that have not yet been adopted, staff made the following assumptions to 
estimate emissions benefits. Note that these estimates may be refined later, as these 
regulations are still under development: 


• ACC II: Staff used the light-duty vehicle scenario outlined in Chapter 6 of this
document to estimate the NOx benefit associated with this program.


• CTI: The program requirements are not yet defined. Therefore, initial benefits were
estimated by assuming new federally-certified trucks with model year 2027 and newer
would have 90 percent cleaner in-use NOx emissions.


• ACF and Zero-Emission Drayage: Staff modelled upper-bound emissions benefits by
assuming accelerated turnover of vehicles that are older than 18 years of age, or reach
15 years of age and 800,000 miles, to ZEVs for calendar years 2030 and 2031. Similar
assumptions were made for lower-bound estimates, but accelerated turnover was only
modelled for specific fleet groups, including drayage, refuse, public, utility, and buses.
Staff are mainly using these assumptions for modeling the benefit of ACF above and


64 California Air Resources Board, Air Quality Progress in California Communities, July 23, 2016, available at: 
https://www.arb.ca.gov/board/books/2016/062316/16-6-2pres.pdf 
65 https://ww2.arb.ca.gov/resources/ab-617-statewide-strategy-summary 
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beyond ACT for year 2031. In early years (i.e., 2023 and 2024), staff are assuming that 
ACF may not provide additional benefit beyond ACT. Staff are currently conducting 
more detailed level analysis of ACF utilizing the EMFAC2021 model.66 Preliminary 
results from these analyses were presented at the March 2021 workshops of Advanced 
Clean Fleet regulation67 and the Mobile Source Working Group for Heavy-Duty Trucks 
Meeting #2.68 Please note that the emissions benefits presented in this document are 
based on an earlier version of the EMFAC model, EMFAC2017. 


• Heavy-Duty I/M: For initial implementation in 2023, staff assumed the program would
result in a 27 percent reduction in deterioration for California-registered vehicles and a
14 percent reduction for out-of-state registered vehicles that travel to California. From
2024 to 2030, staff modelled a 74 percent reduction in deterioration for
California-registered vehicles and 55 percent for out-of-state vehicles. Finally, for 2031
and subsequent calendar years, an 83 percent reduction in deterioration was assumed
for California vehicles and 62 percent for out-of-state. These assumptions are based
on the impacts of the whole Heavy-Duty I/M program, including periodic OBD data
submission, opacity testing, and high emitter screening.


Off-Road Vehicles and Equipment 


For the off-road sector, CARB has recently adopted a Control Measure for Ocean-Going 
Vessels (OGV) At Berth that expands the regulation to include additional vessel types and 
visits, as well as additional ports and terminals. The updated regulation expands 
requirements to include auto carriers (roll-on/roll-off vessels) and tankers, and new ports and 
terminals, reducing emissions from an additional 2,300+ vessel visits per year. The rule 
requires that every vessel coming into a regulated California port either use shore power 
(e.g., plug in to the local electrical grid) or a CARB-approved control technology to reduce 
harmful emissions. It also requires boiler emission controls for tanker vessels operating 
boiler-powered, steam-driven pumps to off-load cargo (typically crude petroleum products). 
The updated rule starts implementation in 2023 for container, reefer and cruise vessels, auto 
carriers in 2025, and tanker vessels in 2025 for Los Angeles and Long Beach and 2027 for 
Northern California. While the 2016 State Strategy assumed South Coast NOx reductions of 
0.3 and 1 tpd in 2023 and 2031, respectively, the adopted measures result in almost four 
times higher reductions than previously assumed (i.e., 1.1 and 3.6 tpd of NOx reduction in 
2023 and 2031, respectively). 


66 https://arb.ca.gov/emfac/ 
67 https://ww2.arb.ca.gov/sites/default/files/2021-03/210302emissions_ADA.pdf 
68 http://www.aqmd.gov/home/air-quality/clean-air-plans/air-quality-mgt-plan/2022-aqmp-mobile-source-
working-groups 


55 



https://arb.ca.gov/emfac/

https://ww2.arb.ca.gov/sites/default/files/2021-03/210302emissions_ADA.pdf

http://www.aqmd.gov/home/air-quality/clean-air-plans/air-quality-mgt-plan/2022-aqmp-mobile-source-working-groups

http://www.aqmd.gov/home/air-quality/clean-air-plans/air-quality-mgt-plan/2022-aqmp-mobile-source-working-groups





      


 


 


               
             


           
    


     
       
     


       
       


 


       
     


      
       


           
            
           


    


             
           


              
                  


          
      


        
        
         


        
       


        
           


        
              
                 


              
                


 


                   
             


 


October 28, 2021 


In addition to the recently adopted OGV At Berth Control Measure, CARB is developing a 
number of measures for other off-road sectors. The measures include an in-use locomotive 
regulation, amendments to commercial harbor craft (CHC) regulation, TRU Airborne Toxic 
Control Measure amendments, and 
zero-emission requirements for small off-road 
engines (SORE) and forklifts. For the cargo 
handling equipment (CHE) and construction 
sectors, the concepts outlined later in the 
document will serve as guidelines for future 
rule-making. 


These measures are not limited to specific 
communities and will provide benefits 
statewide. However, because they are aimed 
at freight and industrial facilities, they will 
provide substantially more benefits to communities near ports, railyards, and industrial 
facilities. These communities have been among the most negatively impacted by air 
pollution. These measures are further described in the following sections. 


Commercial Harbor Craft (CHC) 


The proposed amendments to the regulation for CHC will expand existing requirements to 
cover more vessel types, have more stringent emission requirements, mandate zero-emission 
and advanced technologies for certain vessel types, and require the use of renewable diesel 
for all vessels. Under the new rule, most engines on vessels would need to be turned over to 


the cleanest available engine (Tier 3 or 4) and be 
retrofitted with Diesel Particulate Filters (DPFs) 
starting in 2023, phasing in through 2034. Commercial 
fishing vessels, which are currently not subject to 
in-use engine requirements, would need to have Tier 2 
or newer engines. New excursion vessels would be 
required to be zero-emission capable hybrid starting 
in 2025, and all short-run ferries (those traveling 
3 nautical miles or less on a single run) would be 
required to be full zero-emission by 2026. Renewable 


diesel would be required for all vessels starting in 2023. Besides climate benefits, renewable 
diesel has been found to reduce NOx emissions by 10 percent and PM by 30 percent for 
older engines that do not employ Selective Catalytic Reduction (SCR) systems or DPFs.69 The 
proposed regulations could reduce NOx emissions in South Coast by 0.8 tpd and 2.5 tpd in 


69 Durbin, T.D. et al. CARB Assessment of the Emissions from the Use of Biodiesel as a Motor Vehicle 
Fuel in California “Biodiesel Characterization and NOx Mitigation Study,” October 2011. Table ES-6, 
xxxvii. 
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2023 and 2031, respectively. Since the majority of CHC emissions occur near ports, those 
emission benefits are especially important for disadvantaged communities surrounding ports 
such as Los Angeles, Long Beach, and Oakland. The regulation is expected to be considered 
by the Board in November 2021. 


Transport Refrigeration Units 


The upcoming regulatory measure for TRUs includes the 
transition of diesel truck TRUs to zero-emission, a more 
stringent diesel PM emission standard for the remaining 
TRU categories, and lower global warming potential 
refrigerant. The transition of diesel truck TRUs to 
zero-emission supports the development of zero-emission 
infrastructure and is in alignment with Executive 
Order N-79-20. To reduce PM emissions and address the 
increasing population of TRUs equipped with diesel 
engines less than 25 horsepower, which have less 
stringent PM standards, trailer TRUs, domestic shipping 
container TRUs, railcar TRUs, and TRU generators sets 
manufactured in 2023 and later would be required to 
meet the most stringent standard for PM (Ultra-Low Emission TRU or ULETRU). While this 
measure does not focus on NOx reductions, CARB is evaluating the category for longer-term 
measures focused on full zero-emission operation of TRUs. This measure is planned for Board 
consideration in fall 2021 (staff proposal released in summer 2021). The PM reductions focus 
on protecting public health in and around areas where TRUs congregate, specifically 
distribution facilities and industrial complexes. Facilities are more likely to be found in 
disadvantaged communities and low-income neighborhoods, and reducing PM provides near 


term benefits focused on 
community health risks. Staff 
plan to assess zero-emission 
options for trailer TRUs and 
the remaining TRU 
categories in a second 
rulemaking for Board 
consideration in the 
2023-2024 timeframe. 
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Locomotives 


The draft in-use locomotive regulatory concepts 
include a Spending Account, Useful Life Limit, a 
30-minute idling limit as well as reporting and
recordkeeping requirements. The Spending Account
rule would require railroads to deposit funds into an
account, with a tentative schedule starting in 2023.
The funds deposited are calculated based on the
locomotive emission levels (NOx and PM) and the
annual work performed in California. The deposited funds will be held in each individual
railroad’s Spending Account and would be required to be used to purchase Tier 4 or cleaner
locomotives. CARB is also proposing to ban operation of very old locomotives in California.
Railroads traditionally remanufacture locomotives many times to extend their usage. The
regulation would restrict the use in California of the oldest, dirtiest locomotives—those that
exceed double their useful life and have already been rebuilt several times. The concepts will
include mechanisms to transform California’s locomotives to zero emissions as directed by
Executive Order N-79-20. Based on the current concepts, the Spending Account and Useful
Life Limit together could reduce NOx emission in South Coast by 7.0 tpd in 2030. The
regulation is expected to be considered by the Board in 2022.


Small Off-Road Engines and Forklifts 


SORE and the broad forklift categories of equipment are both excellent candidates for a 
complete transition to zero-emission operation. CARB is 
currently moving forward with parallel zero-emission 
requirements for both sectors, which are expected to be 
implemented starting with model year 2024. 


SORE are spark-ignition engines rated at or below 
19 kilowatts (i.e., 25 horsepower). The SORE sector has 
become increasingly important, and smog-forming 
emissions from them will exceed light-duty passenger cars 
in the state in 2021. At the same time, the potential for full 
zero-emission operation is clear as 48 percent of the lawn 
and garden equipment and over 70 percent of the light 
commercial equipment in California are already electric. 
Note that the fraction of small (i.e., less than 25 hp) generators that are zero-emission lags 
significantly behind that for other light commercial equipment like air compressors and 
pressure washers. 


CARB is currently developing a proposal to implement significantly tightened exhaust and 
evaporative emission standards for generator engines and emission standards of zero for 
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-Off Road Sector NOx (tpd) PM2.5 (tpd) 
SC 2023 SJV 2024 SC 2031 Statewide 2030 


OGV At Berth 1.1 <0.1 3.6 0.09 
Locomotive 0 0.55 7 1.1 


SORE 0 <0.1 2.8 0.3 
TRU 0 <0.1 0.4 0.34 
CHC 0.8 <0.1 2.5 0.3 


Forklift 0 0 3.7 0.3 
CHE 0.1 <0.1 0.9 <0.1 


Construction & Mining <0.1 <0.1 3.4 0.4 
Total Off-road 2.0 0.55 24.3 2.83 
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other engines by model year 202470. Starting in model year 2024, the new emission 
standards will accelerate a transition of all SORE regulated by CARB – or about 90 percent of 
all SORE in the state – to ZEE. The regulation is expected to be considered by the Board in 
fall 2021. The remaining 10 percent of SORE includes new engines which are used in 
construction equipment/vehicles or used in farm equipment/vehicles which are smaller than 
175 horsepower that fall under section 209, subsection (e)(1)(A) of the Act. The Act does not 
grant CARB the authority to regulate the emissions from engines used in these equipment. 


CARB staff are also preparing zero emissions requirements for forklifts, which are widely used 
in industrial and construction applications. The zero 
emissions requirements, currently in development for 
feasibility and cost effectiveness, cover all forklifts from all 
applications, including gasoline, natural gas, and diesel 
forklifts of all sizes. This measure could be brought before 
the Board as early as 2022 with implementation starting in 
2025. 


While these measures may narrowly miss providing 
benefits in 2023 in South Coast, they will provide significant reductions in the late 2020s and, 
by 2031, will achieve a combined 6.7 tpd of NOx reductions in South Coast. 


Table 7 lists NOx emission reductions in the South Coast and San Joaquin Valley from the 
near-term off-road measures discussed above. Combined, these off-road measures will 
achieve approximately 2 tpd of NOx reductions in South Coast in 2023, while achieving 24 
tpd of NOx reductions by 2031, and nearly 3 tpd of PM2.5 across the state in 2030. These 
measures will have a particularly large impact in communities near the ports (especially the 
Ports of Los Angeles, Long Beach and Oakland), railyards, and distribution centers. 


Table 7 – Near-Term Emissions Reductions from the Off-Road Sector 


70 https://ww2.arb.ca.gov/resources/documents/march-24-2021-workshop-slides 
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Potential Near-term Emissions Reductions 
Table 8 summarizes total on-road and off-road NOx emissions benefits in the South Coast 
and San Joaquin Valley. Please note that some of the regulations and programmatic 
concepts listed in Table 8 were identified as measures in the 2016 State SIP Strategy; 
however, some of the new proposals are expected to provide additional emissions 
reductions beyond what was anticipated in the 2016 State SIP Strategy. For example, while 
the SORE measure was anticipated to provide 2 tpd of NOx emissions benefit in 2031 in 
South Coast, the new regulatory proposal is estimated to reduce emissions by almost 3 tpd. 
Please refer to Table 4 of the 2016 State Strategy for the State Implementation Plan71 for 
more details on measures and their anticipated benefits. Measures included in the 2016 State 
SIP Strategy are marked with an asterisk in Table 8 of this document. 


It is important to note that, aside from regulatory actions, achieving our air quality and toxics 
risks reduction goals depends on incentive funds to advance clean technologies and to 
accelerate the replacement of older engines with new cleaner technologies. Because the 
success of incentive measures depends on future funding allocation, staff conservatively 
opted to only list the incentive measures that are most likely to be implemented and result in 
near term emission reductions. An example of these measures is the “San Joaquin Valley 
Agricultural Equipment Incentive Measure” where staff demonstrated a NOx emissions 
reduction of almost 5.9 tpd as a result of agricultural equipment turnover that occurred 
between 2015 and 2019 through various incentive programs such as Carl Moyer, FARMER, 
and the Natural Resources Conservation Service (NRCS) grant program provided by 
U.S. Department of Agriculture. It is worth noting that the Governor has proposed as part of 
the 2021-22 State Budget an additional $363 million be allocated over two years for 
continued replacement and upgrades of agricultural diesel engines through the FARMER 
Program (this proposal is still under consideration by the Legislature). Based on the State 
Budget approved in July 2021, the pending FARMER Program funding, and funding 
provided through Carl Moyer and NRCS grant programs, staff anticipates that an additional 
5.1 tpd of emissions reductions can be achieved through 2024 to meet the overall emissions 
reduction commitment of 11 tpd for agricultural equipment replacement. This is presented as 
“San Joaquin Valley Agricultural Equipment Incentive Measure 2” in Table 8. 


Included in Table 8 are also the anticipated emissions reductions from Clean Truck Fund Rate 
(CTF Rate) which has been under development since 2018 by the San Pedro Bay Ports. This 
measure has been adopted, but has yet to be acted on. Once implemented, the measure is 
anticipated to generate approximately $120 million per year, enough to replace 1,200 diesel 


71 https://ww3.arb.ca.gov/planning/sip/2016sip/rev2016statesip.pdf 
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trucks a year with cleaner technologies. The measure is further described later in this 
document. 


Table 8 - Overall NOx (tpd) Emissions Reductions in South Coast (SC) and San Joaquin 
Valley (SJV) for Mobile Source Measures (Adopted and In-progress) 


Measures Adoption Implementation SC 
2023 


SJV 
2024 


SC 
2031 


Amendments to HDVIP and PSIP* 2018 2019 N/A N/A N/A 
Innovative Clean Transit* 2018 2023 <0.1 <0.1 0.2 


South Coast On-Road Heavy-Duty 
Vehicle Incentive Measure* 


2018 2019 1 N/A N/A 


San Joaquin Valley Agricultural 
Equipment Incentive Measure 1** 


2019 2015 N/A 5.9 N/A 


San Joaquin Valley Agricultural 
Equipment Incentive Measure 2** 


2025 2015 N/A 5.1 N/A 


Zero-Emission Airport Shuttle* 2019 2027 <0.1 <0.1 <0.1 
Ocean Going Vessels At Berth* 2020 2024 1.1 <0.1 3.6 
ACT and Heavy-Duty Omnibus* 2020 2024 <0.1 <0.1 7 


U.S. EPA CTI* 2021 ~2027 0 0 4 
Commercial Harbor Craft 2021 2023 0.8 <0.1 2.5 


Heavy-Duty I/M** 2021 2023 3.5 11 18 
Zero-Emission Drayage and 


Advanced Clean Fleet 
2021 2023 0 <0.1 6-10


Small Off-Road Engines* 2021 2024 0 <0.1 2.8 
Transport Refrigeration Unit* 2021 2024 0 <0.1 0.4 


In-Use Locomotive 2022 2024 0 0.55 7 
Advanced Clean Cars II* 2022 2026 0 0 3.2 
Zero-Emission Forklift* 2022 2025 0 0 3.7 


Cargo Handling Equipment TBD TBD 0.1 <0.1 0.9 
Construction & Mining TBD TBD <0.1 <0.1 3.4 


San Pedro Bay Ports Clean Truck 
Fund Rate 


2020 TBD 1.4*** N/A N/A 


TOTAL 7.9 22.55 63-67
* Identified in 2016 State SIP Strategy
** Identified in San Joaquin Valley Supplement to the 2016 State Strategy for the State Implementation Plan72 


*** Assuming that the San Pedro Bay Ports Clean Truck Fund Rate program can generate $240M between 2022 – 2023 (total
of two years). Of course, with further delay in the program implementation the emissions reduction will end up being 
lower. 


72 https://ww3.arb.ca.gov/planning/sip/2016sip/valleystrategy.pdf 
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Achieving Near Term Air Quality Goals Requires Further Emissions 
Reductions at Federal and Local Level 
As illustrated in Table 8, while the proposed measures achieve significant near-term emission 
reductions in both South Coast and San Joaquin Valley, they do not fully address the 
emissions reductions needed to meet federal air quality standards in 2023, 2024, and 2031. 
For South Coast, the measures listed in Table 8 will achieve an additional nearly 8 tpd of NOx 
emissions reductions in 2023 which is significantly less than the 108 tpd NOx emissions 
reductions needed to meet the 8-hour ozone standard of 80 ppb. Despite a significant 
number of regulatory actions and incentive programs considered by CARB, it will be very 
challenging for the South Coast and San Joaquin regions to attain the federal ambient air 
quality standards for ozone and particulate matter without additional emissions reductions by 
local, federal, and international entities. 


For California to meet federally mandated air quality standards, it is imperative that through 
a combination of regulatory action and infusion of incentive funding, the federal government 
act decisively to significantly reduce emissions from federally regulated sources of air 
pollution in California, including interstate trucks, ships, locomotives, aircraft, and certain 
categories of off-road equipment. Figure 5 shows that in 2023, NOx emissions from federally 
regulated sources contribute almost 50 percent of mobile source NOx emissions in the South 
Coast air basin. This graphic clearly demonstrates why the lack of action by the previous 
federal administration has hindered the region in achieving the emissions reductions needed 
to attain ambient air quality standards in 2023 and emphasizes the need for aggressive and 
immediate actions to address emissions from these sources. 


Figure 5 - NOx Emission Contributions from Primarily Federally Regulated Sources in 
South Coast Air Basin in 2023 
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In order to achieve necessary reductions from these sources, staff proposed the following 
actions for each of the mobile source sectors that are primarily regulated by the federal 
government. These measures are further discussed in Chapter 6 of this document through 
the proposed scenario concepts. 


I. Heavy-Duty Trucks (Lead Agency: U.S. EPA) – Actions needed by 2021
• Adopt federal Low-NOx heavy-duty truck emission standards
• Adopt national level zero emission truck requirements along with more stringent GHG


standards for medium- and heavy-duty vehicles
• Enable state leadership on zero emission trucks by prioritizing federal grants toward


zero emission technology and their associated infrastructure


II. Locomotives (Lead Agency: U.S. EPA) – Actions needed by 2022
• Adopt more stringent standards for new locomotives and require remanufactured


locomotives to meet current standards
• Establish zero emission standards for switchers and provide funding toward


technology and infrastructure development for zero emission line-haul locomotives


III. Off-Road Engines (Lead Agency: U.S. EPA) – Actions needed by 2022
• Adopt more stringent emission standards for off-road engines (gasoline and diesel)


including preempted categories
• Establish zero emission standards for off-road engines where feasible
• Prioritize federal technology demonstration funding to zero emission off-road


equipment


IV. Marine Vessels (Lead Agency: U.S. EPA) – Actions needed by 2023
• Advocate in International Maritime Organization (IMO) for more stringent NOx and


PM standards for marine engines
• Establish clean fuel and clean vessel visit requirements for ocean going vessels at


national level


V. Aviation (Lead Agencies: U.S. EPA/Federal Aviation Administration) – Actions needed
by 2023
• Develop more stringent criteria and GHG standards for aircraft engines
• Establish clean visit, clean fuel, and zero emission on-ground operation requirements


for aircrafts


CARB will continue to work closely with U.S. EPA and other federal agencies on these 
proposed concepts to ensure that they achieve the needed emissions reductions for meeting 
national ambient air quality standards and support development of future state 
implementation plans. While regulatory action at the federal and international level will help 
drive the introduction of cleaner technologies, fuels, and fueling infrastructure, their 
emissions reductions rely on the pace of natural fleet turnover which is not always sufficient 
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Ports 


Container Statistics 
(twenty foot equivalent units TEU) 


March 
2019 


March 
2020 


March 
2021 


Percent increase 
since 2019 


Port of Los Angeles 650,977 449,568 957,599 47% 
Port of Long Beach 552,821 517,664 840,387 52% 


Total 1,203,798 967,232 1,797,986 49% 
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to meet California’s immediate near-term needs, especially in 2023. Additional funding 
mechanisms, partnerships, research and demonstration projects, and other innovative 
strategies can incentivize accelerated deployment of the cleanest technologies. As noted 
earlier, the 2021-22 State Budget includes unprecedented levels of investment in 
zero-emission vehicles and the infrastructure needed to support them. Specifically, the final 
budget devotes $3.9 billion over the next three years to fast-forward the State’s 
zero-emission vehicle goals. While this proposal can significantly accelerate the pace of 
market development for zero emissions technologies and achieve further near-term 
emissions reductions, federal funding will be crucial to fully address the NOx reductions 
needed in the South Coast air basin by 2023. If provided, the federal funding can help 
recoup the necessary emissions reductions from federal sources that were not achieved 
during the previous federal administration. 


Aside from actions at the federal and international level, efforts at local levels are needed to 
help the non-attainment regions in California meet the national ambient air quality standards. 
Efforts like road pricing could contribute to reducing air pollution. In addition, freight 
operations at major ports in California generate significant emissions from ships, trucks, 
trains, tugboats, and terminal equipment, thus contributing to regional air quality issues and 
local health risk. According to the 2017 Clean Air Action Plan, despite significant progress in 
reducing diesel toxics as well as NOx emissions, the Ports of Los Angeles and Long Beach 
remain the largest source of pollution in Southern California. Additionally, the recent 
increases in cargo movement during the pandemic demonstrate the necessity for additional 
actions to reduce the freight industry’s impacts on regional air quality as well as local 
communities’ exposure to air toxics. According to recent container statistics provided by the 
Ports, in the past two years the San Pedro Bay Ports (SPBP) have seen an average increase of 
50 percent in cargo movement (twenty-foot equivalent units - TEU). This rapid increase in 
cargo movement has resulted in unprecedented levels of marine vessel congestion and 
resulting regional and near source pollution impacts. When marine vessel congestion peaked 
in February 2021, up to 40 vessels were queued near the SPBP. In comparison, in previous 
years, only one vessel on average was waiting to enter the Ports. 


Table 9 – Container Statistics at San Pedro Bay Ports 


The 2017 Clean Air Action Plan developed by the Ports of Los Angeles and Long Beach has 
identified several emission reduction and efficiency improvement strategies that can be 
implemented locally to further reduce emissions within the next few years. These actions rely 
on accelerating the adoption of cleaner engine technologies and operational changes 
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through incentives and new requirements. An important part of these strategies is the 
proposed modification to the Clean Trucks Programs with a goal of transitioning to zero 
emission trucks by 2035. A critical element in the implementation of the Clean Trucks 
Program is the establishment of a Clean Truck Fund Rate (CTF Rate) which has been under 
development since 2018. As outlined in the 2017 Clean Air Action Plan, beginning in 2020, 
the Ports were planning to charge a rate for loaded containers hauled by heavy-duty trucks 
that enter or exit the Ports’ terminals, with exemptions for trucks that have engines certified 
to the CARB Heavy-Duty Omnibus manufacturing standard or better (i.e., zero emission). The 
funds collected through this process would be allocated to a clean truck funding program 
that would incentivize the purchase of cleaner drayage trucks. Despite the Ports’ economic 
analysis demonstrating minimal cargo diversion if the Ports charged upward of $70 per TEU, 
the Long Beach and Los Angeles Port Commissions adopted a CTF Rate of $10 per TEU for 
loaded containers hauled by heavy-duty trucks that enter or exit Port terminals. Based on 
recent cargo volumes and anticipated rebates, this CTF Rate could generate approximately 
$120 million per year73 which could be used to annually replace up to 1,200 trucks a year with 
cleaner technologies. Although, the CTF Rate was adopted by the Ports in March 2020, it has 
not yet been implemented due to concerns about the economic impacts of COVID on the 
worldwide economy. The delayed implementation of this program is resulting in a loss of 
potential air pollution mitigation revenue of approximately $10 million per month for 
incentivizing the introduction of cleaner trucks in the South Coast region. If this program had 
been implemented as planned, it would have generated a minimum of $480 million between 
2020 and 2023 (Table 10), enough to replace almost 4,800 diesel trucks with cleaner 
technology. This is equivalent to replacing almost one-third of the population of active 
drayage trucks operating at these ports and would have resulted in approximately 2.5 tpd of 
additional NOx emissions reductions in South Coast by 2023. This illustrates the critical role 
that these local programs can play in maximizing near term emission reductions, and why it is 
important to implement them as quickly as possible. CARB will continue working closely with 
the Ports and other local authorities to further develop and implement the local measures 
needed to improve air quality and reduce near source exposure in the region. 


Table 10 - Actual and Anticipated Revenue from Ports’ CTF Rate Program Between 2020 
and 2023 


Year Anticipated Revenue Actual Revenue 
2020 $120 million $0 
2021 $120 million TBD 
2022 $120 million TBD 
2023 $120 million TBD 
Total $480 million TBD 


73 According to Ports’ statistics, in 2020 more than 11.8 million TEU of loaded containers were have either 
entered or exited the San Pedro Bay Ports’ terminals 
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Chapter 5 - Pathways Forward to Meet California Goals 


Defining the scope of actions necessary to implement a strategic vision to meet all of 
California’s goals requires an integrated planning process. In order to identify the strategies 
and program concepts that will best help CARB and the State meet all of its targets, it is 
imperative to look comprehensively at the potential benefits to all three categories of 
pollutants that CARB strives to reduce: criteria pollutants, toxics, and greenhouse gases. To 
do this, CARB uses scenario planning tools to quantify changes in ozone and PM2.5 
precursor emissions, GHG emissions, diesel toxics emissions, and petroleum usage as various 
technologies are projected to populate the vehicle and equipment fleets. CARB’s tools, 
known as the Mobile Emissions Toolkit for Analysis (META) and Vision, are used to evaluate 
scenarios with varying assumptions about potential technology and fuel mixes, and explore 
different rates at which those technologies could become widely used. 


Integrated planning is critical to evaluate strategy concept scenarios for meeting the State’s 
public health, climate, and community risk reduction goals. Technologies, energy sources, 
and vehicle travel, as well as the best policy tools, will vary by sector based on the status of 
technology development in various applications, the multi-pollutant benefits, and the 
interactions between regulatory and programmatic strategies. CARB staff have identified in 
the 2020 Strategy a suite of strategy concepts, many of which CARB is actively pursuing 
through individual public processes, that will enable the State to achieve the technology 
trajectories identified in the scenarios and, consequently, meet California’s many goals. The 
concepts contained in the 2020 Strategy will continue to be developed and translated into 
measures for the next State SIP Strategy and other CARB planning documents over the 
coming years. By maximizing the use of zero-emission technology, these concepts maximize 
the emission reductions of criteria pollutants, greenhouse gases, and toxics. 


For on-road light-duty vehicles, these concepts include: 


• manufacturer requirements to foster clean technology production and sales;
• in-use requirements to accelerate penetration of newer technology; and
• incentive programs to promote and accelerate the use of advanced clean technologies
• outreach and education to increase consumer awareness and acceptance of advanced


vehicle and equipment technologies; and
• infrastructure planning and development to support the transition to cleaner


technologies.


For on-road medium- and heavy-duty vehicles, concepts include: 


• manufacturer requirements to foster clean technology production and sales;
• in-use requirements to accelerate penetration of newer technology;
• incentive programs to promote and accelerate the use of advanced clean


technologies;
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• enhanced enforcement strategies to ensure programs are achieving their anticipated
benefits;


• outreach and education to increase consumer awareness and acceptance of advanced
vehicle and equipment technologies; and


• infrastructure planning and development to support the transition to cleaner
technologies.


For off-road vehicles and equipment, concepts include: 


• manufacturer requirements to foster clean technology production and sales;
• in-use requirements to accelerate penetration of newer technology;
• incentive programs to promote and accelerate the use of advanced clean


technologies;
• outreach and education to and increase consumer awareness and acceptance of


advanced vehicle and equipment technologies; and
• infrastructure planning and development to support the transition to cleaner


technologies.


In the near term, incentive programs to promote and accelerate the use of advanced 
technologies will be key to meeting our pre-2030 air quality goals. 


Potential Emissions Reductions of Scenario Trajectories 


A summary of scenario assumptions, along with the total statewide fuel use and NOx 
emissions reductions from the 2020 Strategy scenarios, is provided in Table 11, and Figure 6 
and Figure 7. As shown, the scenarios in the 2020 Strategy would achieve an overall 
statewide NOx emissions reduction of 531 and 592 tpd in 2031 and 2037 respectively, which 
are equivalent to 48 and 55 percent reduction from projected baseline NOx emissions 
(including stationary and area source) in those years.74 Also, as a result of these strategies, 
mobile source NOx emissions in 2031 and 2037 will be 75 and 82 percent below 
2017 baseline. The scenarios will also reduce mobile source fuel consumption by 9.5 billion 
gallons of gasoline and 3.0 billion gallons of diesel equivalent in 2045. This equates to a 
well-to-wheel (WTW) GHG emissions reduction of approximately 94 million metric tons of 
carbon dioxide equivalent (MMT CO2e) in 2045, or 76 percent reduction from 2020. 


74 According to 2016 South Coast AQMP, the preliminary projections, based upon ozone “isopleths” developed 
for the 2031 emission scenarios indicate that 2037 Basin NOx carrying capacity to meet the 70 ppb standard 
could be as low as 75 tpd. This is additional 62 percent NOx reduction beyond the projected 2037 baseline and 
25 tpd of additional NOx emission reductions between 2031 and 2037. 
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Table 11 - Summary of the 2020 MSS Scenarios 


. Category Scenario Assumptions 


On-
Road 


Light-Duty 
Vehicles 


• 70% ZEV + PHEV sales in 2030
• 100% ZEV + PHEV sales in 2035
• 7.9 M ZEV by 2030
• 27.9 M ZEV+PHEV by 2045


VMT 
• ~15% reduction in statewide light-duty VMT by 2050


compared to business as usual


On-Road 
Motorcycles 


• Alignment with EU5 standard for MY2024+ motorcycles
• 100% ZEM sales in 2035 and onward


Medium-Duty 
Vehicles • 100% ZEV sales starting 2035


Heavy-Duty 
Vehicles 


• Reflect Heavy-Duty Omnibus, ACT, and Heavy-Duty I/M
starting in 2024, and federal 0.02 g/bhp-hr starting in
2027


• 100% of model year 2035 and newer vehicles registered
in California will be ZEV


• Accelerated turnover of older trucks


Off-
Road 


Off-Road 
Efficiency 


Improvement75 


• Zero-emissions and hybridization where feasible with the
goal of 12 percent reduction in GHG by 2030, and 30
percent by 2040


Off-Road 
Tier V Standard 


• Tier 5 being introduced starting in 2028-2030
• 50 – 90% NOx reduction from current Tier 4f standard


Rail 
• 100% of replaced locomotives will be Tier 4
• Remanufacturing limit
• Tier 5 being introduced in 2028


75 Excluding categories such as CHE and TRU that are going to zero-emission in other scenarios. This is done to 
avoid double counting 
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. Category Scenario Assumptions 


Ocean Going 
Vessels 


(out to 100 nm) 


• 100% of Tier 0/1/2 visits are phased out by 2031
• Tier 3 visits begin in 2025 (begin replacing all Tier 0-2)
• Tier 4 visits begin in 2028 (no additional Tier 3 visits)


Construction • Full turnover of Tier 0/1/2 to Tier 4f by 2033


Off-
Road 


SORE 
• All non-federally preempt SORE sales except for


generators will be zero-emission by 2024 (2028 for
generators)


Aircraft 


• 25 percent derate during take-off
• 40 percent reduction in Taxi time
• Single engine taxiing
• 40 percent reduction in APU usage


Transport 
Refrigeration 


Units 


• Accelerated penetration of electric TRU (from 10% in
2024 to 100% in 2033)


Commercial 
Harbor Craft 


• All vessels (including commercial fishing) being Tier 4/5
by 2031


• Introduction of Plug-in hybrid for excursions and
diesel-electric for tugs by 2030


Cargo Handling 
Equipment 


• Begin transition to full electric operation beginning in
2026 (accelerated turnover)


Agriculture • An incentive based concept consistent with the 2018 SJV
SIP


Airport Ground 
Support 


Equipment 
• Full electrification transition from 2025-2034


Forklifts • Transition to zero-emission technology starting in 2025
with fully electric fleet by 2034


Recreational 
Watercraft 


• New THC + NOx standards of 40 and 70 percent below
current levels 


• Electrification of small outboard and PWC engines
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CARB staff will continue to develop the concepts in order to translate them into measures 
that will be included in the State SIP Strategy being developed for the 70 ppb 8-hour ozone 
standard, along with other CARB planning documents to be released in the coming years. 


The 2020 Strategy scenarios illustrate that even with extremely aggressive electrification, 
accelerated turnover, coupled with aggressive VMT reductions and fuel decarbonization,76 


the mobile source sector alone cannot become carbon neutral by 2045. This emphasized the 
importance of CDR strategies such as mechanical and land-based sequestration. This 
economy-wide approach that includes consideration of CDR is introduced in a recent report 
by Energy and Environmental Economics (E3). 77 The E3 report provides insights into the 
types of economy-wide transformation that will be necessary to achieve carbon neutrality by 
mid-century. 


Figure 6 - Impact of the 2020 Strategy Scenario on Statewide NOx Emissions in 2031 and 
2037 


* Emissions from ocean going vessels are considered out to 100 nm


76 Fuel decarbonization refers to a group of strategies, including SB 100 electric grid requirements, liquid fuel 
carbon reductions through the Low Carbon Fuel Standard (LCFS), and other actions. 
77 Achieving Carbon Neutrality in California: PATHWAYS Scenarios Developed for the 
California Air Resources Board https://ww2.arb.ca.gov/sites/default/files/2020-
08/e3_cn_draft_report_aug2020.pdf 
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Figure 7 - Impact of the 2020 Strategy Scenario on Mobile Source Liquid Fuel 
Consumption in 2045 
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Additional Health Benefits of the Transition Away from Combustion 


Shifting to electric transportation will reduce pollution-related death and illness. State and 
regional emissions will decline substantially as fossil fuel burning vehicles are replaced by 
ZEVs and vehicles using renewable energy sources. The potential health benefits of phasing 
out fossil fuels in the transportation and off-road sectors and of reducing emissions of air 
pollutants and climate pollutants are substantial. 


A 2018 literature review looking at 65 articles demonstrated there was consistent agreement 
that increasing the adoption of ZEVs would reduce emissions of GHGs and some criteria 
pollutants.78 Few studies have been conducted looking at the health impacts of switching to 
cleaner cars, but a study completed in the U.S. estimates that 3700 to 6400 premature 
deaths would be avoided with a transition to hydrogen fuel cell vehicles in combination with 
a renewable energy infrastructure for vehicle charging.79 


Active and public modes of transportation can play a critical role in low-income and 
disadvantaged community mobility and access, and provide critical connectivity opportunities 


78 Requia et al. (2018). How clean are electric vehicles? Evidence-based review of the effects of electric mobility 
on air pollutants, greenhouse gas emissions and human health. Atmospheric Environment. 
79 Jacobson et al. (2005). Cleaning the air and improving health with hydrogen fuel-cell vehicles. Science. 
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where residents do not have access to a personal vehicle. Further leveraging these options 
across the State, as is discussed in the next chapter, will reduce pollution-related death and 
illness, and improve health, especially for those who face disproportionate burdens from air 
pollution exposure. Active transportation such as walking and biking can enhance health 
benefits from increased physical activity. Most public transit is accompanied by other forms 
of transportation such as walking and/or biking. State and regional emissions will decline 
substantially since riding public transportation can significantly replace passenger car trips 
and in addition can increase individual’s physical wellbeing from walking or biking to the 
public transportation. Even after considering exposure to air pollutants and potential traffic 
injury, the health benefits of active transportation and public transit can still be substantial.80 


Active transportation and public transit will 
not only contribute to a reduction in fossil 
fuel burning vehicles, but also will improve 
various health outcomes such as mental 
illness, cardiovascular diseases, and 
cancer.81 Additionally, walking, biking, and 
other variants of active transportation such 
as scooters will create a more social and 
cohesive environment, and improve an 
individual’s quality of life and increased life 
expectancy.82 The potential health benefits 
from replacing fossil fuels in the 
transportation sector with public 


transportation and active transport are substantial. More needs to be done to make sure that 
these critical transportation options are safe, accessible, and meet the needs of low-income 
and disadvantaged communities. 


Role of Cleaner Combustion and Zero-Emission On-Road Heavy-Duty 
Vehicles 


As we look forward, it is evident that there are certain areas where CARB, other State and 
local agencies, and other partners, will need to dedicate extra attention to fully analyze and 
determine the best path into the future. In order to meet our numerous standards, targets, 
and goals over the next thirty years, California will need to see a substantial transition of the 
mobile fleet, with zero-emission vehicles dominating the on-road fleet and certain off-road 


80 Maizlish et al. (2013). Health cobenefits and transportation-related reductions in greenhouse gas emissions in 
the San Francisco Bay area 
81 Furie, G. L., & Desai, M. M. (2012). Active Transportation and Cardiovascular Disease Risk Factors in U.S. 
Adults; Mueller et al. (2015). Health impact assessment of active transportation: A systematic review 
82 Sallis et al. (2004). Active transportation and physical activity: opportunities for collaboration on transportation 
and public health research 
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sectors, and penetrating into the remaining off-road sectors wherever possible, with cleaner 
combustion engine technologies and renewable fuels everywhere else. 


All forms of cleaner heavy-duty trucks and buses will be critical to achieving ambient air 
quality standards, near-term risk reduction goals, and climate targets. CARB has a number of 
programs already in place or under development to require and otherwise encourage the 
adoption of clean on-road heavy-duty vehicles; these include the Truck and Bus Regulation, 
the Heavy-Duty Omnibus Regulation, the Advanced Clean Trucks Rule, the forthcoming 
Advanced Clean Fleets rule, and various incentive programs including the Moyer Program. 


Trucks certified to CARB’s previous optional low NOx standard are currently in-use, and as 
such, are highly important for achieving more near-term SIP deadlines including attainment 
of the 80 ppb ozone standard in the South Coast Air Basin in 2023, attainment of PM2.5 
standards in the San Joaquin Valley in 2024 and 2025, and attainment of the 75 ppb ozone 
standard throughout the State by 2031. CARB’s recently adopted Heavy-Duty Omnibus 
Regulation includes more stringent engine standards which will phase in statewide starting in 
2024. It is expected that trucks manufactured to meet this standard or already certified to 
meet the pre-existing optional standard (0.02 grams per brake horsepower-hour) will 
contribute significant near-term NOx reductions for attainment, as well as to near-source risk 
reduction in and around disadvantaged communities. 


That said, as emphasized by Governor Newsom’s recent Executive Order, zero-emission 
trucks already play an important role in reducing emissions throughout the State and will be 
especially critical to meet long-term climate goals. In order to put California on track to meet 
climate goals in 2045 and 2050, 1.4 million medium- and heavy-duty ZEVs are necessary. An 
important first step to move the State in this direction is the Advanced Clean Trucks Rule, 
which was adopted by the Board in June 2020 and will implement manufacturer sales 
requirements beginning in 2024. CARB staff is also working to develop and bring to the 
Board the complementary Advanced Clean Fleets rule which will be brought to the Board for 
consideration by the end of 2021. 


Furthermore, the State of California announced last year a Memorandum of Agreement with 
14 other states and the District of Columbia to accelerate truck and bus electrification, with a 
goal of ensuring that 100 percent of all new medium- and heavy-duty vehicle sales are ZEV 
by 2050, and an interim target of 30 percent ZEV sales by 2030. While California will need to 
see 100 percent of on-road heavy-duty vehicle sales be ZEV by 2035, increased out-of-state 
sales of ZEV trucks will also be important for emissions reductions given that it’s estimated 
that around 50 percent of heavy-duty vehicle miles travelled on California roads is driven by 
trucks first sold out-of-state. 


Addressing Emissions from Primarily-Federally Regulated Sources 


In addition to reducing emissions from on-road vehicles and off-road equipment, another 
critical effort will be to ensure reductions in emissions from sources that are primarily 
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regulated at the federal and international level. In the 2016 Strategy, CARB discussed actions 
we could take at the State level and those that could be taken by U.S. EPA to achieve 
reductions from these sectors, which include ships, locomotives, aircraft, and certain off-road 
equipment. Since that time, CARB and our local partners in California have taken concrete 
actions to not only petition federal agencies for action, but also to directly reduce emissions 
using programmatic mechanisms within our respective authorities. Unfortunately, since the 
release of the 2016 Strategy and the subsequent petitions, action by U.S. EPA to limit 
emissions from these sources has yet to materialize, making it more challenging to meet 
federal air quality standards and reduce air pollution that harms public health in California 
and across the U.S. 


As shown in Figure 8, NOx emissions from California-regulated mobile sources in the South 
Coast have declined by 75 percent since 2000 while emissions from primarily 
federally-regulated mobile sources have declined by half that amount over the same time 
period. More significantly, whereas California-regulated mobile sources accounted for more 
than three times the NOx emissions of federally-regulated mobile sources in the South Coast 
in 2000, by 2030 NOx emissions from federally-regulated sources in South Coast will exceed 
emissions from California-regulated sources. These trends highlight the need for aggressive 
and immediate federal action to address emissions from interstate trucks, aircraft, 
locomotives, and ships, ensuring that the costs of attaining federal air quality standards are 
borne by all sources of air pollution. 


Figure 8 – Federal Action is Increasingly Critical 


While engine standards do exist at the federal and international level for new aircraft, 
locomotives, and ocean-going vessel engines and equipment, these standards do not reflect 
the current state of technology. In addition, equipment in these categories tends to remain in 
operation for long periods of time. As a result, emissions from these categories have not 
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decreased at the same pace as those for other mobile sources in California. Achieving the 
magnitude of emission reductions necessary from these categories will require strong action 
at the federal and international level, coupled with State and local advocacy and action to 
facilitate these efforts. It is critical to continue to reduce emissions from in-use equipment 
through new national emission standards for newly manufactured and remanufactured 
locomotives, adoption of more stringent emission standards for new ocean-going vessels and 
efficiency requirements for existing vessels, and by spurring the early implementation of 
clean technologies via mechanisms to incentivize the use of those technologies in California. 


In addition to off-road sources that are primarily regulated at the federal level, heavy-duty 
trucks are another category where action at the federal level is essential to California’s 
success. As mentioned previously, approximately half of heavy-duty VMT within California is 
driven by trucks first sold out-of-state. Without a more stringent federal engine standard, 
newer model year 2024+ vehicles certified or first sold outside of California will lack stringent 
standards. This will make it very challenging for California to meet federal air quality 
standards, particularly in areas with extreme air quality issues such as the South Coast Air 
Basin and the San Joaquin Valley. Currently, U.S. EPA is developing the Cleaner Trucks 
Initiative, which has many of the same elements as CARB’s recently-adopted Heavy-Duty 
Omnibus Regulation and begins in 2027. On January 21, 2020, U.S. EPA released an 
Advanced Notice of Proposed Rulemaking for pre-proposal comments. 


Regardless of the timing of federal action on emission standards, CARB is moving forward 
and will take action where possible to lower emissions now. As described earlier, CARB has 
identified strategies available to lower emissions from locomotives, aircraft, and ocean-going 
vessels. This includes partnerships with ports and engine manufacturers to incentivize the use 
of cleaner technologies in California and to encourage the production of cleaner, more 
efficient engine technologies. 


Targeting Benefits in Low-Income and Disadvantaged Communities 


CARB has long worked to reduce negative effects of air pollution in the State’s most 
highly-impacted populations through programs to control emissions from freight transport 
and other significant sources affecting low-income and disadvantaged communities. In recent 
years, CARB and the State have been enabled through AB 617 programs, SB 350 equity 
efforts, and Low Carbon Transportation to renew our focus on and engagement with these 
communities. As discussed earlier, disadvantaged communities experience the highest levels 
of air pollution impacts in California. In addition, populations in these communities are 
generally more likely to be impacted by the COVID-19 health and economic crisis, in part due 
to already-high pollution exposure and impacts. As such, the need is greater than ever to 
reduce emissions and exposure in low-income and disadvantaged communities throughout 
the State, while also meeting community-identified clean transportation and mobility needs. 


CARB’s AB 617 CAPP is a first-of-its-kind statewide effort that includes community air 
monitoring and CERPs with the primary purpose of reducing exposure in communities most 
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impacted by air pollution. The program provides an opportunity to continue to enhance our 
air quality planning efforts and better integrate community, regional, and State level 
programs to provide clean air for all Californians, and is a complimentary mechanism through 
which CARB works to improve air quality in highly-impacted communities. Throughout the 
AB 617 process to date, many communities and their representatives have continually sought 
a transition of the dirtiest mobile sources in their communities to zero-emission technology as 
fast as possible. 


There are also a number of Low Carbon Transportation projects designed to advance CARB’s 
equity goals, including meaningful community engagement and inclusion in policy decisions, 
increasing access to critical goods and services, and improving connectivity to public transit 
and other clean options in communities, while reducing GHG emissions. And as previously 
described, the investment minimums for GGRF created under Assembly Bill 155083 also play 
a significant role in CARB’s ability to target benefits in disadvantaged communities. CARB 
and other State agencies are continually striving to go beyond the requirements of AB 1550, 
with 57 percent of projects implemented using California Climate Investment funds to date 
benefiting California’s disadvantaged communities and low-income communities and 
households.84 Because mobile sources are such a significant source of emissions throughout 
the State, much of California Climate Investment funding allocated to CARB, including a 
considerable portion of CAPP funds, is used to incentivize development and deployment of 
cleaner mobile source technology. 


Moving forward, CARB will continue to go above and beyond these various mandates to 
improve air quality and reduce exposure to criteria pollutants and toxics in low-income and 
disadvantaged communities. Many of the measures proposed in the 2016 Strategy have 
since been adopted by CARB as regulations and will provide substantial emissions and health 
benefits in these communities. In addition, programs under development and new concepts 
discussed here in the 2020 Strategy, including the Heavy-Duty Inspection and Maintenance 
Program and the Locomotive Emission Reduction Measure, have immense potential to 
provide additional benefits. More broadly, across all programs moving forward, CARB is 
working to factor in environmental justice and accelerate controls in communities of concern 
where feasible, and to engage more directly with community members throughout the 
regulatory development and implementation process. 


Ramifications of the Current Health and Economic Crisis 


The COVID-19 pandemic has already had extreme effects on lives and livelihoods, as well as 
on federal, State, and local budgets. In 2020, the State confronted a budget deficit of 
$54.3 billion, and the State Budget reflected estimated spending of $5.7 billion to respond 


83 Gomez, Chapter 369, Statutes of 2016 
84 2020 California Climate Investments Annual Report 
https://ww2.arb.ca.gov/sites/default/files/classic//cc/capandtrade/auctionproceeds/2020_cci_annual_report.pdf 
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directly to the COVID-19 pandemic. Despite the initial budget deficit last year, California has 
rebounded and proved resilient through the COVID-19 pandemic such that the fiscal outlook 
for 2021 is significantly better, as demonstrated by the Governor’s 2021 State Budget 
proposal. Amongst other things, in the proposed 2021 State Budget, Governor Newsom 
included a $1.5 billion comprehensive strategy to achieve the state’s zero-emission vehicle 
goals by 2035 and 2045, including securitizing up to $1 billion to accelerate the pace and 
scale of the infrastructure needed to support zero-emission vehicles. That said, with the 
deferral on GGRF appropriations handled through the Cap-and-Trade Expenditure Plan and 
funding levels for many incentives to achieve mobile source emissions reductions still 
uncertain, all efforts to reduce emissions and exposure are especially critical during this time. 
Air pollution can have a wide variety of negative effects on respiratory health, and COVID-19 
has been shown to pose greater risk to individuals suffering from respiratory illnesses. In 
addition, both COVID-19 and air pollution are seen to have a disproportionate impact on 
disadvantaged communities and people of color. 


Even prior to the current crisis, incentive funding was not yet at the levels needed to achieve 
the level of vehicle and equipment turnover necessary for attainment of near-term SIP 
deadlines. Given the reduced monetary resources available for incentives in the near-term 
due to COVID-19, increased emissions reductions from regulatory programs may be 
necessary. 


Ongoing Need for Incentive Funding to Support Clean Technology 


Regulations take considerable time to develop and in many instances, lead-time and 
transition periods are necessary for industry to feasibly comply; despite this challenge, 
significant emissions reductions are needed from mobile sources in California over the next 5, 
10, and 30 years. In recent years, the Board has repeatedly directed staff to advance 
regulatory deadlines where feasible in order to reduce emissions earlier than previously 
planned. To the extent possible, CARB will continue to explore areas where it may be 
possible to achieve emissions reductions earlier than currently scheduled in a developing 
regulation or by amending an existing regulation. 


While regulatory mechanisms have and will continue to achieve a majority of the necessary 
emissions reductions, incentive funding is of critical importance, especially in the near-term to 
advance technology development and deployment and accelerate the rate of fleet turnover 
to the levels needed to meet targets. Substantial funding and investment will be needed 
from all levels of government, and the private sector, to deploy clean technologies and the 
infrastructure to support them. Despite the delay in some funding appropriations specifically 
dedicated to incentive-based turnover of mobile source vehicles and equipment as a result of 
the COVID-19 pandemic, there is the potential to leverage other funding that may be 
available in this year’s budget and in coming years to achieve emission reductions from the 
mobile fleet and from other sources of air pollution statewide. The $1.5 billion included in the 
Governor’s proposed 2021 State Budget towards achieve the state’s zero-emission vehicle 
goals by 2035 and 2045 could play a substantial role, and it is likely that funding from a 


77 







      


 


 


           
    


             
               


               
               


            
         


  


October 28, 2021 


federal infrastructure would directly support the transition to clean and zero-emission 
vehicles as well. 


Like California has shown for decades, clean technologies and the markets evolving around 
them are compatible with, and contribute to, a thriving State economy. As the State moves 
forward and works to revive California from the current economic crisis, it is imperative that 
we use the funds that are available to achieve the maximum benefit possible for all 
Californians, and this includes reducing mobile source emissions through a transition to 
zero-emission technologies, and otherwise supporting the green economy. 
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Chapter 6 - 2020 Mobile Source Strategy Scenario Concepts 


In California, on-road and off-road mobile sources are the largest contributor to NOx and 
GHG emissions. In 2017, direct emissions from mobile sources were responsible for 
80 percent of statewide NOx (Figure 9) and 40 percent of statewide GHG (Figure 10) 
emissions when excluding emissions from the production of fuels that power them. 


Figure 9 – 2017 Statewide NOx Emissions by Sector 


Stationary 
17% 13% 


Medium DutyAreawide 
Vehicles 3% 


6% 


Heavy Duty Vehicles 


Light Duty Vehicles 


26%Off-Road Mobile 
35% 


Figure 10 – 2017 Statewide GHG Emissions by Sector 
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As outlined earlier in the document, while significant progress has been made in reducing 
mobile source emissions in California, substantial additional emissions reductions from 
today’s levels are required to meet air quality standards and California’s climate goals. The 
2020 MSS presents a top-down scenario modeling approach that defines the technology 
mixes needed to achieve these emissions reduction targets. These scenarios are also 
reflective of the scale of technology transformation that needs to happen within California’s 
mobile source sector. While the scenarios define the technology mixes, they do not 
necessarily pinpoint the strategies and policy tools that could be used to achieve them. Such 
a level of transformation requires multiple policy tools as no one tool will achieve all of our 
goals. Potential policy tools could include, but are not limited to, the following: 


• Manufacturer requirements to foster clean technology production and sales;
• In-use requirements to accelerate penetration of newer technology;
• Incentive programs to promote and accelerate the use of advanced clean


technologies;
• Zero-emission vehicle fueling and charging infrastructure planning and development;
• Regional land use and transportation planning to enable more transit and mobility


options, and to encourage less VMT for mobility needs;
• Transportation pricing to permanently signal to users the mobility options that are


more sustainable;
• Enhanced enforcement strategies; and
• Outreach and education to bridge the knowledge gap and increase consumer


acceptance of advanced vehicle technologies.


The scenarios developed for the 2020 MSS would require major changes to mobile source 
sectors, particularly a transformation to zero-emission technologies wherever feasible, and 
near zero-emission technologies with the cleanest, lowest-carbon fuels everywhere else. 


Scenario Modeling Tools 


Vision for Clean Air 


CARB’s Vision for Clean Air Framework, first released in 2012, was developed to enhance 
CARB’s ability to conduct transportation policy, multi-pollutant analyses to inform air quality 
and climate planning. It allows for the evaluation of technology, energy, and transportation 
system policy evaluations across multiple sectors and pollutants. In support of the 
2016 Strategy, CARB released the updated and expanded Vision 2.1. For the 2020 MSS, staff 
are using the same modeling framework, but with updated light-duty vehicle population and 
emission rates from EMFAC2017, 85 updated vehicle activity from California’s metropolitan 


85 California Air Resources Board (CARB) (2017). EMFAC2017 Web Database (v1.0.2) 
(https://arb.ca.gov/emfac/2017 ) 
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planning organizations (MPOs), and refined technology adoption forecasts. Refined 
technology adoption rates for zero-emission vehicles were updated based on the preliminary 
ZEV market projection analysis presented in the July 30, 2020 EMFAC 202x workshop.86 


Scenario assumptions for the light-duty vehicle sector are described later in this chapter. 


Mobile Emissions Toolkit for Analysis (META) 


META was developed to facilitate the updates included in the 2020 MSS. It uses the most 
current emissions inventory data as the basic framework and incorporates major strategies to 
reduce criteria and GHG emissions, to present what-if scenarios of technology mix, fuel 
consumption, and emissions for the on-road heavy-duty and off-road sectors. The META tool 
provides the explicit technical details and spells out strategy assumptions of the scenario 
analyses. Most importantly, it provides transparency for the 2020 MSS development. 
Scenarios visualized through the META tool are used to understand how different 
combinations of concepts will transform the technology mix of the future vehicle fleet and 
associated emissions. 


The on-road medium- and heavy-duty scenarios in META used population and emission 
outputs from EMFAC2017 with vehicle activities from MPO travel demand models. This 
version of EMFAC is used for SIP and transportation conformity purposes. EMFAC2017 
incorporated emissions reductions from regulations that had been officially adopted before 
the end of 2017. The emission benefits of regulations adopted between now and then, such 
as ACT, are modeled off-line within the META tool. EMFAC2017 outputs served as a baseline 
for populations and tailpipe emissions, broken down by EMFAC categories. This tool applies 
the scenario assumptions outlined later in this chapter to the baseline, and then calculates 
scenario technology population mixes, emissions, and fuel consumption for the 2020 MSS. 
META on-road allows for scenario selection (for heavy-duty only) and output type, including 
pollutant and fuel type. There are also options to model what-if scenarios with different 
combinations of cleaner combustion application scope and ZEV phase-in schedules. This 
provides an opportunity for end users to compare results with 2020 MSS scenarios. 


META-Off-road allows users to visualize the baseline and 2020 MSS scenario results and view 
assumptions for each off-road sector. Baseline inventories for each off-road sector in META 
are based on the most recent inventory results. In the Results pages, users may select 
outputs such as population, fuel use, NOx, PM2.5, and carbon dioxide (CO2) emissions for 
each off-road sector in the South Coast Air Basin, the San Joaquin Valley, and statewide 
domains. The “Results-Totals” page shows the comparison of annual totals between the 
baseline and MSS scenario. The “Results-Detailed” page provides detailed outputs broken 
down by either Tier group or fuel type for both scenarios. The “Scenario Description” page 
provides a summary of the data sources, inventory status, current rule concepts, 2020 MSS 


86 https://ww2.arb.ca.gov/sites/default/files/2020-07/EMFAC202x_2nd_Workshop_07302020_ADA.pdf 
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scenario details, and next step for CARB for each sector. The “Detailed Data” tab provides 
the detailed data behind each scenario. 


On-Road Light-Duty Vehicles 


Baseline and Existing Policies 


In California, the light-duty vehicle sector contributes a sizeable proportion of current NOx 
and GHG emissions. Light-duty vehicles are defined as vehicles with a gross vehicle weight 
rating (GVWR) less than or equal to 8,500 lbs. As shown in Figure 9 above, light-duty vehicles 
contribute 13 percent of the total NOx emissions statewide in 2017. In the South Coast Air 
Basin specifically, light-duty vehicles comprised 18 percent of the 2017 NOx emissions 
inventory. This represents a smaller proportion of the inventory than in prior years as a result 
of the aggressive light-duty vehicles regulations and incentives in effect. Future emission 
baseline projections are shown later in this section. 


As shown in Figure 10 above, light-duty vehicles comprise 28 percent of the GHG emissions 
in California, or about 70 percent of the direct emissions from vehicles or equipment. The 
indirect or upstream emissions from fuel production (for all transportation modes) are 
7 percent for refineries, 4.1 percent for oil/gas extraction, 0.9 percent for pipelines, and 
0.7 percent for agriculture fuel production.87 When coupled with the direct emissions from all 
transportation sources, the total GHG emissions from mobile sources and their fuel 
production represent more than 50 percent of the total statewide GHG inventory. The 
light-duty vehicle portion of the upstream fuel emissions depend on the emission 
characteristics of producing gasoline, as opposed to diesel or other petroleum products, at 
refineries. 


The sizable emission contribution of the light-duty vehicle sector is the primary reason that 
numerous existing policies have been adopted by CARB to control future year emissions, as 
shown in the next section. Taking into account currently adopted regulations and major 
CARB programs, emission inventory projections for the light-duty sector are provided below 
in Table 12.88 Emission projections for future years provide a critical glimpse into whether 
current policies are sufficient for achieving emission targets, or if additional actions are 
necessary. 


87 CARB GHG emissions inventory: https://ww2.arb.ca.gov/ghg-inventory-data 
88 To be consistent with SIP planning inventory, emissions in Table 12 are estimated based VMT provided by 
MPOs as custom VMT inputs to EMFAC2017. As a result, the GHG emissions for light-duty vehicles in 2017 is 
lower than the official GHG inventory 
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Table 12 - Baseline NOx and GHG Emission Projections for Light-Duty Vehicles 


NOx Statewide 2017 2031 2037 


Tailpipe, tons per day (tpd) 184.2 47.9 40.2 
% Change from 2017 - -74% -78%


GHG Statewide* 2017 2030 2045 


Vehicle, MMT CO2e/yr 98.8 68.9 61.8 


% Change (vehicle) from 2017 - -30% -37%
WTW**, MMT CO2e/yr 118.5 83.7 74.8 


% Change (WTW) from 2017 - -29% -37%


*Excludes biogenic sources
**WTW = Well-to-wheel emissions, including upstream fuel production and delivery


The table for statewide GHG emissions includes both vehicle emissions, and an inclusion of 
upstream fuel production emissions – this is known as “well-to-wheel” (WTW) when included 
with vehicle emissions. The analysis accounts for lower fuel lifecyle carbon content (both 
electricity and gasoline) over time. CARB staff estimated emissions from producing gasoline 
in 2020 and 2030, accounting for the anticipated lower carbon-intensity ethanol fuel blends 
in reformulated gasoline (E10 fuel) due to the 2018 Low Carbon Fuel Standard (LCFS) 
amendments. Emissions from producing electricity accounts for California’s power generation 
mix under the Senate Bill 10089 renewable requirements (a 60 percent renewable portfolio 
standard by 2030) and the phase-out of coal generation. These assumptions consider the 
unique conditions in California and show that driving an electric vehicle produces significantly 
lower emissions than a conventional gasoline vehicle. 


Because of current programs, Table 12 shows that light-duty vehicle emissions are projected 
to decline significantly in the next several decades. However, this is still not sufficient to 
achieve future emission targets. For additional context, Figure 11 below shows the baseline 
projection of electric vehicles in the on-road fleet. This shows the State is likely to achieve the 
Governor Brown’s target of 1.5 million zero-emission vehicles (including PHEVs) by 2025, as 
directed in Executive Order B-16-12 which guides State agencies to take actions to support 
the commercialization of ZEVs and launch the path to the 2050 climate targets, while 
providing air quality co-benefits. Figure 11, however, also shows that current programs 
across State agencies will only achieve approximately half of the 5 million ZEVs and PHEVs by 
2030 directed in the Governor Brown’s Executive Order B-48-18, signed in 2018 (noted as 
2.4 million in the figure). This 5 million goal represents the path necessary for the 2030 SB 32 
climate statutory requirements. 


89 De Léon, Chapter 312, Statutes of 2018 
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Figure 11 - Baseline Statewide Light-Duty Vehicle Technology Projections for the 
On-Road Fleet 


CARB staff have quantified the marginal difference in emissions between driving a mile with a 
new gasoline conventional vehicle compared to varying electric drive vehicles, coupled with 
California specific upstream fuel facility emission factors. 90 The figures below show the 
emissions per mile for a gasoline vehicle (ICE) compared to a PHEV, BEV, and FCEV in 
California. The data displays both the tailpipe emissions (“tank-to-wheel” or TTW) and 
upstream emissions associated with producing and delivering the fuel to the vehicles 
(“well-to-tank” or WTT). Combined, this is called a well-to-wheel emissions analysis 
comparing varying powertrain types. The analysis compares new passenger vehicles in two 
different years to account for improved vehicle fuel efficiency and fuel carbon content 
(electricity, hydrogen and gasoline) over time based on current vehicle and fuel regulations. 
The PHEVs are assumed to have a percent eVMT of 48 percent in 2020 and 70 percent in 
2030. As noted earlier, staff estimated emissions from vehicles using the most current CARB 
on-road vehicle inventory using EMFAC2017. 


90 California Air Resources Board (CARB) (2019). Staff Report: Initial Statement of Reasons. Public Hearing to 
Consider Electric Vehicle Supply Equipment (EVSE) Standards. Release Date: May 7, 2019. 
(https://ww3.arb.ca.gov/regact/2019/evse2019/isor.pdf) 
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The results are presented below for NOx and GHG emissions assuming a passenger car 
classification. The accompanying model includes further results for light-duty trucks.91 


Figure 12 shows that CARB staff project the WTW NOx emissions for the BEV to be 
83 percent lower in 2020 compared to a conventional vehicle, and slightly decreasing to 
80 percent lower in 2030. Figure 13 shows that CARB staff project well-to-wheel GHG 
emissions from a new BEV to be about 74 percent lower than a new gasoline vehicle in 2020, 
and increases to 80 percent lower in 2030. This trend highlights that BEVs have much lower 
emissions, and that for GHG emissions the difference is growing over time as emissions from 
producing electricity are expected to become lower. 


Figure 12 - NOx Emission Factors for Four Vehicle Technology Types in a Passenger Car 
(grams of NOx/mile) 


91 California Air Resources Board (CARB) Vision program model results for well-to-wheel emission factor 
comparison, https://ww2.arb.ca.gov/resources/documents/vision-scenario-planning 
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Figure 13 - GHG Emission Factors for Four Vehicle Technology Types in a Passenger Car 
(grams of CO2e/mile) 


Current Light-Duty Vehicle Policies 


CARB has been regulating light-duty vehicles for over 50 years. Some policies in place are 
described below. As discussed earlier, CARB’s currently effective regulations to control 
emissions from passenger vehicles are collectively called the Advanced Clean Cars (ACC) 
program. This California program combined the control of smog-causing pollutants and GHG 
emissions into a single coordinated package of regulations: LEV III Criteria, LEV III GHG, and 
a technology-forcing mandate for ZEVs. 


When CARB adopted ACC in 2012, the Board committed to conducting a comprehensive 
midterm review of three elements of the program: 1) the ZEV regulation, 2) the 1 milligram 
per mile particulate matter standard, and 3) the light-duty vehicle GHG standards for 2022 
and later model years. Staff’s review was conducted at the same time as a similar U.S. EPA 
and NHTSA midterm evaluation of the federal light-duty vehicle greenhouse gas and fuel 
economy standards for 2022 through 2025 model years at the national level. CARB 
concluded the following for its midterm review at its March 2017 hearing: 


• Adopted GHG standards remain appropriate for 2022 through 2025 model years;
• Continue with existing technology-forcing ZEV requirements to develop the market;
• Direct staff to immediately begin rule development for 2026 and subsequent model


years;
• Continue and expand complementary policies to help support an expanding ZEV


market; and
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• The particulate matter standard is feasible but further action is needed to ensure
robust control.


On April 13, 2018, however, the previous federal administration took a significant step 
toward dismantling the harmonized national program for reducing light-duty vehicle 
greenhouse gas emissions when it issued a revised, abbreviated final determination that the 
federal GHG and fuel economy standards for model year 2022 through 2025 vehicles were 
no longer appropriate, revoking the previous, comprehensive determination that the 
standards were appropriate.92 Over the course of the next year and a half, the previous 
federal administration revoked California’s Clean Air Act waiver for its GHG and ZEV 
light-duty standards, issued a regulation that those standards are preempted by the Energy 
Policy and Conservation Act (EPCA), and significantly relaxed the federal light-duty vehicle 
GHG and fuel economy standards.93 CARB challenged these actions and the litigation is 
pending.94 Additionally, CARB finalized a voluntary agreement with five automakers to 
adhere to more aggressive emission reductions on a contractual basis than required by the 
relaxed federal standards. On January 20, 2021, President Biden ordered U.S. EPA and 
NHTSA to consider rescinding these actions.95 


California and International Policy to Phase out ICEs 


Most recently, on September 23, 2020, Governor Newsom signed Executive Order N-79-20 
establishing a goal for 100 percent of in-state sales of new passenger cars and trucks to be 
zero-emission by 2035.96 The Governor’s order also directs CARB to develop and propose 
regulations towards reaching 100 percent zero-emission vehicle sales. Such an ambitious goal 
is the first in the United States, and complements what others are doing around the world. 
The specifics of each national target vary slightly in that some explicitly require 100 percent 
sales of electric vehicles while others require the opposite of 0 percent new gasoline, diesel, 
or fossil fuel vehicles. Timelines for these also vary widely with Norway, the most aggressive 
country targeting 100 percent electric vehicle sales by 2025, while Costa Rica and Germany 
are aiming for these levels by 2050 (see Table 13 for full listing of countries and target 


92 83 Fed. Reg. 16,077 (Apr. 13, 2018). 
93 See Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Years 2021-2026 Passenger Cars and Light 
Trucks, 83 Fed. Reg. 42,986 (Aug. 24, 2018); SAFE Vehicles Rule Part One: One National Program, 84 Fed. Reg. 
51,310 (Sept. 27, 2019); SAFE Vehicles Rule for Model Years 2021-2016 Passenger Cars and Light Trucks, 85 
Fed. Reg. 24,174 (Apr. 30, 2020). 
94 See California v. Wheeler, et al. United States Court of Appeals, District of Columbia Circuit, Case No. 19-
1239, consolidated under No. 19-1230 along with Nos. 19-1241, 19-1242, 19-1243, 19-1245, 19-1246, and 19-
1249; California v. Wheeler, et al., United States Court of Appeals, District of Columbia Circuit, Case No. 20-
1167, consolidated with Nos. 20-1145, 20-1168, 20-1169, 20-1173, 20-1174, 20-1176, and 20-1177. 
95 Executive Order No. 13990 of January 20, 2021, Protecting Public Health and the Environment and Restoring 
Science To Tackle the Climate Crisis, § 2(a)(ii), 86 Fed. Reg. 7,037 (Jan. 25, 2021). 
96 Available at https://www.library.ca.gov/Content/pdf/GovernmentPublications/executive-order-
proclamation/40-N-79-20.pdf. 
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dates97). Such targets send strong policy signals to the market. France and Spain have 
codified these targets as formal laws that would make these targets legally binding and 
enforceable requirements. 


Table 13 - Countries with 100% ZEV Sales or Phase Outs of Gasoline, Diesel, or Fossil 
Fuels 


Target Year Country (target type) 
2025 Norway (EV only) 
2030 Iceland (no gasoline/diesel vehicles) 


Ireland (no fossil fuel vehicles) 
Israel (no gasoline/diesel vehicles) 
Netherlands (EV only) 
Sweden (no gasoline/diesel vehicles) 


2032 Scotland (no gasoline/diesel vehicles) 
2035 Denmark (no gasoline/diesel /PHEV) 


UK (no gasoline/diesel /PHEV) 
2040 Canada (EV only) 


France (no fossil fuel vehicles) 
Portugal (no ICE vehicles) 
Singapore (no ICE vehicles) 
Sri Lanka (EV/HEV only) 
Spain (EV only) 


2050 Costa Rica (EV only) 
Germany (EV only) 


ZEV market support in partnership with California State Agencies 


As described in CARB’s Senate Bill 49898 report,99 California has a suite of regulatory, 
incentive, and supporting programs that accelerate the adoption of ZEVs (light-duty but also 
medium- and heavy-duty vehicles). The regulatory programs help ensure that vehicles are 
manufactured and supplied to the market (e.g., the ACC ZEV regulation) or procured for a 
certain usage (e.g., heavy-duty vehicle fleet requirements). Incentive programs help spur 
demand for these vehicles by encouraging consumers and fleet operators to purchase or 
lease ZEVs by offsetting some of the additional upfront costs of ZEVs compared to 
conventional vehicles (e.g., purchase rebates through the Clean Vehicle Rebate Project) or by 
developing and testing new technologies through demonstrations and pilots (e.g., the 


97 International Council for Clean Transportation (July 2020). Update on the global transition to electric vehicles 
through 2019. https://theicct.org/sites/default/files/publications/update-global-EV-stats-sept2020-EN.pdf 
98 Skinner, Chapter 628, Statutes of 2017 
99 California Air Resources Board (CARB) (2020). Assessment of CARB’s Zero-Emission Vehicle Programs Per 
Senate Bill 498. July 2020. (https://ww3.arb.ca.gov/programs/zev/SB-498-Report-072320.pdf) 
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Advanced Technology Demonstration Project). The supporting programs also play a critical 
role in facilitating ZEV market growth by providing ZEV fuels and refueling infrastructure 
(e.g., the LCFS and the Clean Transportation Program), building ZEV awareness, and sharing 
best practices among different jurisdictions through collaboration. These three types of 
programs work together to accelerate the ZEV market by fostering supply and demand 
across all phases of ZEV technology commercialization and market development. 


Assembly Bill 2127100 requires the California Energy Commission (CEC) to conduct a 
statewide assessment of the electric vehicle charging infrastructure needs in support of the 
5 million ZEV by 2030 target issued in Executive Order B-48-18. Developed through a 
collaboration between the CEC and National Renewable Energy Laboratory (NREL), the 
current version of Electric Vehicle Infrastructure Projection model (EVI-Pro 2), incorporates 
observed travel and charging data and evolving market and technology conditions to 
estimate the charging demand to meet the needs of future PEV drivers. EVI-Pro 2 designs 
the supply of charging infrastructure capable of meeting this demand, and quantifies the 
associated load impacts from charging. EVI-Pro 2 also leverages MSS county level projections 
to achieve more granular results and a higher degree of spatial resolution. More information 
on the CEC’s electric vehicle charging infrastructure assessment is on the CEC’s AB 2127 
webpage. 


The State also has a number of electric vehicle charging infrastructure programs. The Clean 
Transportation Program, administered by the CEC, provides funding to support PEV 
infrastructure through various grant solicitations. Additionally, CEC manages the California 
Electric Vehicle Infrastructure Project (CALeVIP) to provide streamlined incentives for electric 
vehicle charging infrastructure, and through 2019, CEC has allocated $71 million for charger 
rebates. The California Public Utilities Commission (CPUC) authorizes investor-owned electric 
utilities to undertake transportation electrification activities. In 2016, the CPUC approved 
charging infrastructure pilot programs for three large investor-owned utilities – Pacific Gas 
and Electric, Southern California Edison, and San Diego Gas and Electric – to install charging 
stations for a combined budget of up to $197 million.101 In 2018, the CPUC approved 
additional investor-owned utility projects to deploy charging infrastructure pursuant to 
Senate Bill 350.102 To date, CPUC has approved over $780 million for transportation 
electrification programs under SB 350.103 Finally, Volkswagen, through its subsidiary Electrify 
America, has agreed to invest $800 million over a 10-year period for ZEV infrastructure, 


100 Ting, Chapter 365, Statutes of 2018 
101 California Public Utility Commission, 2019. Summary of CPUC Actions to Support Zero-Emission Vehicle 
Adoption. https://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=6442459998 
102 De León, Chapter 547, Statutes of 2015 
103 California Public Utility Commission, Approved SB350 Projects. Accessed July 27, 2020: 
https://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=6442457944 
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October 28, 2021 


education, and access in California as part of a settlement with CARB. Electrify America will 
invest $200 million in four installments over the next 10 years.104 


The State also has a few important programs to support the rollout of hydrogen fueling 
infrastructure for light-duty vehicles. CARB’s LCFS Hydrogen Refueling Infrastructure credit 
provision has initiated the development of nine stations. Additionally, as part of the Assembly 
Bill 8105 program aimed at establishing at least 100 stations (45 existing stations are open, 
with retail service today), the CEC released its latest Grant Funding Opportunity 19-602 to 
solicit applications to co-fund new hydrogen fueling stations, with awards expected to be 
announced soon. To facilitate opening of new hydrogen fueling stations, CARB staff assists 
light-duty vehicle manufacturers and retail station operators by conducting independent 
testing to verify compliance with SAE fueling protocols. These are necessary steps to move 
California’s hydrogen fueling and fuel cell electric vehicle (FCEV) industries out of the current 
early adopter phase and into the broader mass-market. 


Scenario Analysis – Targeting New Vehicle Technology 


Targets 


As noted earlier, the State has a number of emission reduction targets that apply either to all 
sectors in the economy, or to the transportation sector as a whole (all mobile sources, 
including on-road and off-road sectors). Given the size of the contribution from light-duty 
vehicles to the 2017 emissions inventory, this sub-sector will need to make strong 
contributions toward regional and Statewide emission targets. Therefore, for the purposes of 
creating a reference for these light-duty scenarios, the results are compared to an 
equal-share reduction of the broader targets. This includes a 62 percent NOx reduction in 
2037 below the baseline 2037 NOx projections, citing preliminary estimates of the needed 
NOx reductions to meet the 70 ppb 8-hour ozone standard.106 For GHG emissions, with an 
uncertainty of whether natural and working lands will not provide increased carbon sinks over 
time, this analysis assumes mobile sources will need to achieve zero carbon emissions by 
2045 on a full well-to-wheel basis. CARB will be comprehensively evaluating strategies to 
achieve carbon neutrality through the 2022 Scoping Plan Update process, including 
renewable fuel supply constraints and unique challenges in varying sectors. 


In principle, to achieve full carbon neutrality by 2045 with direct vehicle and fuel production 
emissions from the light-duty vehicle sector, the entire on-road light-duty vehicle fleet needs 
to be either some form of an electric vehicle using renewable electricity/hydrogen or an 
internal combustion engine using sustainable biofuels. When considering the additional 


104 Volkswagen Group of America, 2017. California ZEV Investment Plan: Cycle 1. 
https://www.electrifyamerica.com/our-plan 
105 Perea, Chapter 401, Statutes of 2013 
106 https://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2016-air-quality-
management-plan/final-2016-aqmp/final2016aqmp.pdf?sfvrsn=15 
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constraint of dramatically reducing the criteria emissions from the vehicles themselves, 
separate from the upstream fuel production, the necessity for ZEVs becomes even stronger. 


The scenario described below is aggressive, as there are certain limitations that inhibit fully 
achieving carbon neutrality with direct vehicle and fuel production emissions. These 
limitations include the pace at which new ZEV sales can grow, the scrappage of legacy 
gasoline vehicles, and biomass supply limitations and competition from other sectors, among 
other factors. There are many combinations of strategies that can help to achieve these air 
quality and 2045 GHG light-duty vehicle equal-share emission targets, so the challenge is to 
identify the combination with the greatest chances for success, knowing that every individual 
strategy will need to be extremely aggressive. The following list describes key scenario 
considerations and assumptions that were considered. 


Framework for Scenario Development 


The strategies and scenarios described below do not reflect a market feasibility analysis, but 
rather were identified as strategies that are technically possible but most likely only under 
optimal policy and market conditions. The technology and fuel assumptions reflect staff’s 
current understanding of the vehicle and fuel technologies that have been developed and 
are already entering the market. Staff then make assumptions about their future potential 
market growth. 


Advanced vehicle technology and efficiency improvement form the foundation for the 
scenarios. Given the large incremental improvement in emissions per vehicle from 
electrification, the scenarios focus on aggressively moving to all-electric technologies, 
coupled with increases in conventional vehicle improvements. These strategies were assumed 
to have a correlation related to automaker investments – much of the industry will focus 
investments on electrification, but conventional vehicles will see a scaling up of existing 
efficiency strategies, such as hybrid powertrains (as compared to widespread investments in 
new innovations for conventional engine technology). Battery-electric vehicles were the 
dominant technology selected for the scenarios, but fuel cell electric vehicles are assumed to 
continue their growth in the market and are included in the scenarios. 


Further, the scenarios rely solely on new light-duty vehicle sales as the mechanism to change 
the fleet’s technology mix and did not assume any retrofit or accelerated scrappage policies. 
Finally, new mobility trends, namely ride-hailing services with high-mileage vehicles and 
connected, autonomous vehicles, create opportunities to substantially increase electric 
vehicle miles traveled (eVMT) by the fleet as a subset of vehicles are more intensively used 
and thus retired more quickly. 


The fuel supply sector will need to transition to nearly all renewable sources to achieve the 
equal-share emission targets. However, partly because there are limits to renewable sources 
depending on the fuel type, the results shown here do not quite achieve the “equal share” 
targets used in this analysis. These scenarios will be revisited as CARB develops the 
renewable fuel assessments for the 2022 Scoping Plan Update. Transportation electricity will 
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leverage the same grid supply mix that is changing economy-wide in response to State 
statutes for an aggressive renewable portfolio standard. Hydrogen was assumed to transition 
to all renewable sources, though there is currently no statute requiring these high levels. To 
offset remaining liquid fuel usage in the light-duty fleet, the 2016 Strategy had assumed that 
renewable “drop-in” gasoline would emerge on the market by 2020. However, a review of 
fuel technology advancements and new expected fuels shows that renewable gasoline is not 
being seriously developed for California markets. This, coupled with the ongoing supply 
constraint of low carbon biofuels anticipated to be primarily used in heavier mobile sources, 
led to the assumption that biofuels beyond ethanol in E10 would not be used in these 
light-duty vehicle scenarios. 


Reducing vehicle miles traveled is necessary to directly and immediately reduce mobile 
source emissions, and to bring the light-duty transportation sector within striking distance of 
carbon neutrality by 2045 and attainment of the 70 ppb 8-hour ozone standard in 2037. This 
scenario assumes a 15 percent reduction in statewide light-duty VMT by 2050 compared to 
business as usual assumption, the same as the 2016 Mobile Source Strategy and the 
2017 Scoping Plan. Further, the VMT reduction strategy areas discussed in this document 
reflect the nature of the actions necessary to achieve the level of reductions in the scenario. 
In addition to providing congestion mitigation and improved community mobility, VMT 
reduction also reduces fuel demand, and therefore can reduce investments and land-use 
impacts from advanced fuel sources (e.g. biofuels, build out of solar and wind, etc.). 


Scenario Input Assumptions 


Multiple scenarios were created to evaluate the impacts of varying the pace of ZEV sales, 
with a particular focus on either 2035 or 2040 as dates at which conventional vehicle sales 
could end. In the scenarios, PHEV sales were included, but at a declining ratio to ZEV sales 
and also assuming greater all-electric driving range107 than exhibited by PHEVs in the market 
today. The primary scenario selected assumed conventional vehicle sales end in 2035, with 
ZEV and PHEV sales reaching 100 percent by that date. Several specific technology and fuel 
assumptions are listed below, many of which would require new policy actions. 


• The relative ratio of combined ZEV and PHEV sales start at 75 percent ZEV/25 percent
PHEV in 2030 scaling to 90 percent/10 percent in 2045 (see Figure 14). The rationale
for this assumption reflects a projection that as pure ZEV technology advances, PHEV
costs will be relatively higher than BEVs given the complexity of two powertrains
(combustion engines and electric systems), and this cost differential will affect market
demand. Additionally, to achieve the emission targets, pure ZEV technology will need
to be prioritized.


107 Modeled as a larger “percent eVMT” which represents the proportion of a PHEV’s annual driving that is 
solely from the electric drive system. 
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• The relative ratio of combined BEV and FCEV sales start at 90 percent BEV/10 percent
FCEV in 2030 scaling to 75 percent/25 percent by 2045 (see Figure 14). The rationale
for this assumption reflects increasing FCEV adoption as hydrogen fueling
infrastructure expands and a subset of the vehicle market that will still require frequent
fast refueling, particularly in larger vehicle classes.


• PHEV eVMT is fixed at 70 percent (or about 52 miles of all-electric range) for
passenger cars and 50 percent (or about 28 miles of all-electric range) for light trucks
for all years after 2030. Although technology will continue to improve beyond 2030,
these values were kept constant in future years given that the technology will need to
be used on a larger number of larger vehicle platforms as the market grows. The
scenarios assume the technology improvements will be needed to maintain the eVMT
performance on heavier vehicles, some of which will require towing capability.


• New gasoline-only vehicles, including hybrids (non-plugged vehicles), are assumed to
have reduced GHG emissions by 2.0 percent per year from 2026 to 2035. This
assumption reflects an investment by the automotive industry in ongoing conventional
vehicle improvements while focusing most investments on ZEVs, and likely would
require a regulatory change to California’s vehicle standards.


• BEV and FCEV new vehicle efficiency is assumed to improve at 0.5 percent per year
from 2026 to 2045. This assumption reflects greater emphasis on cost reduction of
components and systems rather than on further improvements to efficiency.


• NOx emission factors do not change for new vehicles in any of the vehicle classes. This
assumption reflects the need for vehicles to remain clean and to prevent a backslide
on emission certification levels as a result of the increasing fraction of ZEVs. To
accomplish this, light-duty vehicle regulations will need to change to protect against
backsliding. The effect would be that as ZEV sales increase, the total light-duty new
vehicle fleet average for NOx emissions will decline. It is possible to additionally
assume conventional vehicle NOx emission levels will decline, in addition to ZEV sales.
CARB staff are considering this as a regulatory option in addition to regulatory
provisions to protect against emission certification backsliding.


• By 2045, approximately 90 percent of electricity and all hydrogen is assumed to be
from renewable sources. Per SB 100, electricity must be 60 percent renewable by 2030
(when coupled with nuclear and large hydro, the grid is likely to be higher than
60 percent of zero carbon sources by 2030); the statute further requires 100 percent
zero carbon on the grid retail sales by 2045.108 It is assumed 100 percent electrolytic


108 SB 100 requires that 100 percent of retails sales of electricity come from RPS-eligible and zero-carbon 
resources by 2045. SB 100 does not define zero-carbon resources. An interagency effort is underway to 
evaluate potential paths to achieving the 2045 goal, and this process evaluates electricity generation 
technologies that could be eligible zero-carbon resources and will model potential resource mix scenarios for 
2045. Refer to https://www.energy.ca.gov/sb100 for more information about this process. SB 100 allows for a 
small amount of electricity generated by natural gas in 2045 which could be replaced by renewably sourced bio-
methane, but this scenario did not assume bio-methane was available for electricity production. 
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hydrogen will utilize growing curtailed renewable electricity as utilities procure more 
zero GHG generation to meet the Renewable Portfolio Standard (RPS). 


• For remaining liquid fuel demand in 2045, all scenarios assume E10 ethanol blend in
gasoline as the fuel.


Figure 14 – Light-Duty Vehicle Sales Fractions by Technology Type 


Scenario Results and Trends 


In the primary scenario where new sales of ZEVs and PHEVs reach 100 percent in 2035, the 
on-road fleet still includes 15 percent conventional or hybrid vehicles in 2045, as shown in 
Figure 15. In 2045, 16 percent of total VMT is from conventional vehicles or PHEVs not using 
electricity. Given the aggressive nature of sales before 2035, up to 8 million ZEVs and PHEVs 
would be in the fleet by 2030, well above the Governor Brown’s target of 5 million ZEVs by 
2030. This modeled scenario reflects the more aggressive climate target being evaluated 
here compared to when Governor Brown established the 5 million ZEV target. 


94 







      


 


 


            


 


             
             


               
                


  


October 28, 2021 


Figure 15 – Statewide Light-Duty Vehicle Technology Penetration in the On-Road Fleet 


Under this fleet composition, combined with the fuel mix changes and VMT reduction 
assumptions, the primary scenario generates a 17 percent reduction in NOx emissions in 
2031 and a 43 percent reduction in 2037 relative to baseline projections of tailpipe emissions 
Statewide for each of those years. GHG emissions in 2045 are 87 percent lower than 2020 
levels. 
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Figure 16 - Statewide Light-Duty Vehicle NOx Emissions (Tailpipe) 
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Figure 17 – Statewide Light-Duty Vehicle GHG Emissions (Well-to-Wheel) 


Figure 18 shows the total liquid fuel usage for the light-duty fleet over time. Although a 
relatively small portion of the on-road fleet in 2045, combustion vehicles would still consume 
1.2 billion gallons of liquid fuel in 2045 – only 30 percent of which would be used by PHEVs – 
and contribute roughly three quarters of the fleet’s GHG emissions (see Figure 17). 
Therefore, the quantity of liquid fuel demand that remains in 2045 has an oversized influence 
on achieving the light-duty equal share emission targets. Separately, GHG emissions from 
electricity usage in vehicles would not be zero due to some remaining fossil natural gas 
usage for electricity generation but will be a small impact. 
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Figure 18 – Light-Duty Vehicle Liquid Fuel Demand (fossil gasoline, ethanol for E10) 


Discussion of Results 


The light-duty vehicle scenarios reveal that even with extremely aggressive electrification, 
coupled with aggressive VMT reductions and fuel decarbonization,109 the sector still cannot 
achieve its “equal share” of the reductions for NOx and GHG emissions in 2037 and 2045 
respectively assumed for this analysis.110 The emission reductions are sizeable, however, with 
a 43 percent reduction in 2037 of tailpipe NOx emissions below the 2037 baseline, and an 
87 percent reduction of well-to-wheel GHG emission reductions in 2045 below 2020 levels. 


The earliest possible date by which staff believe conventional vehicle sales possibly could end 
is 2035, and although automotive battery technology costs are rapidly declining, achieving 
this sales trajectory still faces broader market challenges of insufficient ZEV fueling 
infrastructure, electric drive manufacturing scale-up constraints, battery and fuel cell raw 
material supply constraints and uncertainty in consumer demand, particularly with lower 
income households. The next few years will be very telling in terms of new electric vehicle 


109 Fuel decarbonization refers to a group of strategies, including SB 100 electric grid requirements, liquid fuel 
carbon reductions through the Low Carbon Fuel Standard (LCFS), and other actions. 
110 As noted earlier, the “equal share” target for GHG emissions in this analysis is carbon neutrality for the 
light-duty sector by 2045. 
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models entering the market, and consumers seeing wider choices and fuel infrastructure 
advancements. 


The scenarios also reveal that while the State needs to push as hard as possible on 
electrification, CARB also needs to continue taking action to reduce NOx and GHG emissions 
from new conventional vehicles. A sizeable fraction of the on-road fleet in the later years will 
still use combustion engines, so new emission standards in model years 2026 to 2035 will 
have important benefits. For NOx emissions, this includes the need to strongly consider 
“anti-back-sliding” actions on conventional vehicles in the light-duty fleet average standards 
as ZEV sales scale up (as simulated in these scenarios), and possibly going further to require 
the fleet average standard to be lower, thus requiring conventional vehicles to get cleaner 
(not simulated in this scenario). For GHG emissions, an additional reason to consider new 
conventional vehicle GHG emission reductions (as simulated in this scenario with efficiency 
improvement assumptions) is the cumulative climate change mitigation for the years before 
electrification becomes dominant. This is noted because the difference in the 2045 annual 
GHG emission results from the scenario, with and without the conventional vehicle GHG 
improvements is small. But cumulative GHG emissions over time for these conventional 
vehicles will not be trivial. 


Further reductions from conventional vehicles would be possible with select actions not 
evaluated in these scenarios. For example, to further control NOx emissions, targeted 
policies (e.g. regulation changes) could focus on cold start emissions. For GHG emissions, 
advanced biofuels could be used, but were not considered here given the limitations on 
biomass supply. 


Scenario Analysis – Accelerated Vehicle Retirement 


As described above, phasing out new internal combustion engine light-duty vehicles by 2035 
is not sufficient to achieve the needed NOx emission reductions to meet the 2031 ozone 
standard in the South Coast Air Basin or the 2045 Statewide climate neutrality goal, assuming 
an equal share emission target for light-duty vehicles. Further emission reductions in the 
light-duty sector could be achieved through a suite of actions including accelerated vehicle 
turnover programs. 


This section focuses on an accelerated turnover scenario where the oldest light-duty vehicles 
registered in the South Coast Air Basin—those with the highest criteria emissions—are 
replaced with ZEVs or other alternative transportation options. California has several related 
incentive programs in place, but the scale of these would need to increase significantly to 
make up the gap to achieve the 2031 ozone standard in 2031 and the 2045 climate target. 


Equity considerations, including the specific clean transportation and mobility needs of 
low-income and disadvantaged communities, must be foundational to the design and 
implementation of accelerated vehicle turnover programs, in addition to enabling more 
individuals to purchase new electric vehicles. This includes understanding and overcoming 
some of the biggest barriers to ZEV adoption—affordability, access, awareness, and utility— 
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as identified in CARB’s SB 350 Barriers Report.111 CARB’s light-duty vehicle replacement and 
incentive programs, in addition to ongoing outreach and education efforts, play a large role 
in addressing these barriers and increasing adoption of ZEVs and use of other, more 
sustainable transportation modes. 


Current Scrappage Programs 


• Vehicle Scrappage: California’s Bureau of Automotive Repair (BAR) administers the
Consumer Assistance Program, 112 which provides either an incentive of $1,000 or
$1,500 for the voluntary scrappage of an eligible operational vehicle, with the higher
incentive amount provided to consumers having a household income of less than or
equal to 225 percent of the Federal poverty level.113, 


• Vehicle Scrappage and Replacement: Clean Cars 4 All114 provides incentives to
lower-income vehicle owners living in disadvantaged communities to retire a
functioning, high-polluting vehicle and replace it with a new or used ZEV, PHEV,
conventional hybrid vehicle, or an alternative mobility voucher. The average incentive
amount is approximately $8,500, although this varies both by income level and vehicle
technology of the replacement vehicle. An additional incentive of up to $2,000 is
available for the installation of electric vehicle charging infrastructure. Clean Cars 4 All
is administered through several air districts across the State. Some air districts run a
similar vehicle retirement and replacement program but allow for the replacement
vehicle to be a conventional internal combustion engine vehicle if it meets a minimum
fuel economy standard.


Scenario – Vehicle Population Implications 


• Retiring approximately 160,000 vehicles older than model year 2000 registered in the
South Coast Air Basin by 2031 would yield emission reductions of approximately
3.1 tpd of tailpipe NOx and 0.3 MMT/yr of WTW GHG in the year 2031.


• Retiring an additional 125,000 vehicles older than model year 2006 by 2037 in the
basin would result in emission reductions of 1.8 tpd of NOx and 0.4 MMT/yr of GHG in
2037.


• Assuming the 160,000 vehicles are turned over equally for the next decade between
2021 and 2031, the increased scale of vehicle turnover needed—16,000 vehicles every
year—would be about a ten-fold increase compared to the annual number of vehicles
retired in the South Coast Air District through Clean Cars 4 All.


111 https://ww2.arb.ca.gov/sites/default/files/2018-08/sb350_final_guidance_document_022118.pdf 
112 https://www.bar.ca.gov/Consumer/Consumer_Assistance_Program/ 
113 In order to qualify for the program, the vehicle must fail a Smog Check inspection. However, low-income 
consumers are also eligible to participate in program if vehicle passes a Smog Check inspection within the last 
180 days. 
114 Previously known as the Enhanced Fleet Modernization Program Plus-Up. 
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• In 2031, these 160,000 older vehicles would contribute approximately 22 percent of
the total light-duty vehicle NOx tailpipe emissions in the South Coast Air Basin while
only representing 1.5 percent of all light-duty vehicles expected to be registered in
the basin, according to EMFAC.


• Retiring an additional 125,000 vehicles older than model year 2006 between 2031 and
2037 in the basin would result in emission reductions of 1.8 tpd of NOx and
0.4 MMT/yr of GHG in 2037.


Anticipated Regulatory Actions 


Advanced Clean Cars II 


The ACC regulations are responsible for setting criteria pollutant and GHG emission 
standards for light-duty and medium-duty vehicles and establishing a ZEV mandate (although 
CARB’s authority for the GHG and ZEV light-duty vehicle regulations has been preempted by 
federal action in the SAFE Rules - which California is contesting and the federal agencies 
have been directed to reconsider). ACC II is currently in development to strengthen these 
standards beyond model year 2025, and the regulatory proposal is anticipated for Board 
consideration in late 2021. Staff provided an informational Board update in May 2020, 
outlining staff’s preliminary thoughts on real-world emission reduction measures for 
combustion vehicles, cold-start emission reductions, improved emission control for plug-in 
hybrid vehicles, and new medium-duty requirements. 


Staff are also considering potential changes to the ZEV regulation stringency and new ZEV 
assurance measures like vehicle warranty, durability, standardized data requirements, and 
battery state-of-health monitoring requirements to ensure emission benefits from ZEVs. 
These latter ZEV assurance measures will be necessary to support wide-scale adoption of 
ZEVs, not just in the new vehicle market but in the used vehicle market as well. As new 
vehicle buyers typically do not own their vehicles for the entirety of the vehicles’ life, warranty 
and durability requirements are especially important to ensure that subsequent owners can 
experience the full utility of a ZEV powertrain in order to realize the expected emission 
reductions. Additionally, CARB is proposing that the battery’s state of health be accessible to 
drivers without the use of any specialized equipment so that vehicle owners are able to 
understand the vehicle’s need for repair and warranty qualifications or that used vehicle 
buyers will be able to evaluate the health of the battery. More detailed data would also be 
required to allow for repair technicians to assess the vehicle’s need for repair or for those in 
the battery repair or reuse industry to better assess the remaining battery life and ideal 
second life application. Finally, CARB is considering proposing that ZEV powertrain service 
and repair information be available to independent technicians to allow for vehicle servicing 
by non-dealer technicians. This provision will help ensure independent repair shops can 
continue to participate in the market as more ZEVs are added to California’s fleet and also 
provide consumers with more options for their vehicle servicing needs. All these measures 
are designed to ensure ZEVs fulfill their potential to reduce emissions. 
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Clean Miles Standard 


Senate Bill 1014,115 the Clean Miles Standard and Incentive Program, requires CARB to 
develop and the CPUC to implement a GHG reduction program for transportation network 
companies (TNC) such as Uber and Lyft. SB 1014 directs CARB to adopt GHG 
per-passenger-mile reduction and percent eVMT targets for TNCs by January 1, 2021. Staff 
anticipates achieving GHG goals through increased use of ZEVs and increased pooling, as 
well as use of transit and micro mobility modes of transportation facilitated by the TNCs. The 
program will begin in 2023 and increase in stringency through 2030. The Clean Miles 
Standard regulatory proposal is currently being developed; staff provided an informational 
Board update in January 2020 and the regulation is scheduled for Board consideration in 
early 2021. The Standardized Regulatory Impact Assessment has been made public, and the 
program expects to achieve at least 0.25 MMT CO2e/year of GHG emission reductions in 
2030. 


Additional Information 


Sensitivity scenarios 


In addition to the main scenario presented in this chapter, staff have evaluated a number of 
additional scenarios to gain an understanding of how certain assumptions influence the 
emissions results. This is important given that the main scenario does not yet achieve the 
light-duty equal share emission targets noted earlier. The first sensitivity scenario explored 
how influential the ZEV sales target was on the results of the main scenario. The sensitivity 
scenario explored a delayed date of 2040 for the end of conventional vehicle sales. As noted 
earlier, staff will revisit these scenarios as part of the 2022 Scoping Plan Update, and the fuel 
supply assumptions may change, affecting the emission results. 


Scenario with conventional vehicle sales ending in 2040 instead of 2035 


• +4 MMT/yr GHG emissions in 2045 compared to the 2035 scenario (83 percent
reduction instead of 87 percent below 2020 baseline emissions)


• +3.4 tpd additional NOx tailpipe emissions in 2037 Statewide compared to the
2035 scenario (35 percent reduction instead of 43 percent below 2037 baseline
emissions)


• 1.6 billion gallons liquid fuel demand (instead of 1.2 billion gallons in the
2035 scenario)


Scenario with aggressive growth in ride hailing vehicles 


• Assumes growth in high-mileage ride hailing services, including driverless automated
ride-hailing in later years


115 Skinner, Chapter 369, Statutes of 2018 
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• Slightly lower vehicle population for same mobility needs as vehicle age requirements
force older vehicles out of the ride hailing fleets


• Overall increase in light-duty VMT as increased “deadhead miles” over compensate
for increased pooling assumptions in the scenario. In 2045, the ride-hailing scenario
results in 944 million miles per day statewide compared to 905 million miles in the
main scenario,


• Increased deadhead VMT over-compensates for slightly higher fraction of the fleet as
electric, creating a small increase in the sector’s GHG emissions. In 2045, well-to-wheel
GHG emissions rise by +0.5 MMT/yr. However, had electrification not been prioritized
on the ride-hailing vehicles in this scenario, the rise in GHG emissions would have
been larger.


Additional details on equity considerations 


A cornerstone to addressing mobility equity is to focus on meeting the clean transportation 
needs and utility of low-income and disadvantaged community households. Previously 
identified barriers must be overcome in order to advance transportation equity: 


• Affordability: Advanced technology vehicles currently have higher upfront costs than
conventional vehicles. There is less ability to leverage traditional financing options.


• Access: There is a lack of new and used ZEV options at dealerships, used car lots, and
infrastructure available in their communities. Home charging is frequently not a viable
option for those who rent or live in multi-unit dwellings. Information on ZEVs, their
benefits, and low-cost financing options is not widely available.


• Awareness: Communities do not have as much information on advanced technologies
and how they can meet their needs. There is often a lack of transparency of the risks
associated with new or used ZEV battery life.


• Utility: ZEVs need to meet unique community needs, including longer battery range
for those living farther from destinations, sufficient space to transport tools and
materials or family members, and ability to charge in public spaces. Alternative
mobility options need to be safe, convenient, and affordable.


Providing a variety of solutions to address these barriers is essential in meeting the unique 
clean transportation needs of underserved communities. Some examples include: 


• Incentives provided through the Clean Vehicle Rebate Project and Clean Cars 4 All
Program provide low-income consumers with affordable financing and more options
when purchasing or leasing new and used ZEVs.


• The Clean Vehicle Assistance Program helps low-income Californians access grants
and loans for new and used ZEVs.


• The Zero-Emission Assurance Project, once launched, will help address concerns
regarding ZEV battery life and mitigate the risk of buying used ZEVs by providing a
rebate for the purchase of a replacement battery.


103 







      


 


 


           
            


             
            


 
             


           
         


  


  


 


 


 


 


October 28, 2021 


• Assurance measures being considered through the ZEV regulation—such as requiring
a battery state-of-health indicator and adding a useful life and minimum warranty
requirements—will reduce the risk of owning future new and used ZEVs and benefit
the secondary ZEV market, which is crucial to increasing access among low-income
consumers.


• The One Stop Shop Pilot Project provides a multi-pronged approach of expanding,
prioritizing, and tailoring ZEV and clean mobility outreach and education in
underserved communities, including how advanced technologies can meet their
needs.
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Beyond ZEVs: The Need to Reduce VMT 


Governor Newsom’s Executive Order N-79-20 to phase out the sale of internal combustion 
engine (ICE) vehicles by 2035 will result in substantial emission reductions from light-duty 
passenger vehicles, but ZEVs alone will not be sufficient to achieve the State’s climate and air 
quality goals. Even with phasing out the sale of new ICE vehicles, 30 percent of light-duty 
vehicles will still be gas-powered in 2045, by which time California must achieve carbon 
neutrality to help prevent the worst impacts of climate change. Reducing vehicle miles 
traveled (VMT) is necessary to directly and immediately reduce mobile source emissions, and 


to bring the light-duty transportation sector 
within striking distance of carbon neutrality 
by 2045 and attainment of the 70 ppb 


Reducing vehicle miles traveled (VMT) is 8-hour ozone standard in 2037.
necessary to directly and immediately 
reduce mobile source emissions, and to 
bring the light-duty transportation sector 
within striking distance of carbon neutrality 
by 2045 and attainment of the 70 ppb 8-
hour ozone standard in 2037. 


CARB’s previous 2016 Mobile Source 
Strategy and 2017 Climate Change Scoping 
Plan emphasized the critical role VMT 
reductions play in attaining 8-hour ozone 
standards, and meeting California’s 
2030 climate goals. This update to the 
Mobile Source Strategy uses the same 
targets for reducing VMT as these previous 


plans, which aim to reduce light-duty VMT by 15 percent by 2050 compared to business as 
usual. The intent of this section of the 2020 Mobile Source Strategy is to identify strategies 
CARB can undertake to assist in achieving additional reductions and support implementation 
of regional SCSs. In addition to needing to substantially reduce emissions, our growing 
dependence on cars also threatens our ability to achieve California’s critical health and equity 
goals. Historic decision-making favoring single-occupancy vehicle travel has shaped many 
communities. Where and how communities plan and build housing also imposes and often 
reinforces long-standing racial and economic injustices that leave residents with little choice 
but to spend significant time and money commuting long distances in search of an affordable 
place to live. This places a disproportionate burden on low-income Californians, who end up 
paying the highest proportion of their wages for housing and transportation.116 Meanwhile, 
growth in VMT, where it involves or incentivizes land conversion, impedes California’s ability 
to store carbon and maintain resilient ecosystems and the life-sustaining resources they 
provide, including clean air and water, food, and fiber. 


116 CARB’s 2018 Progress Report showed that as housing is becoming less affordable, California’s low-income 
residents are relocating at greater rates than the rest of the population. Low-income residents are moving at 
greater rates to inland parts of Southern California and to the San Joaquin Valley, especially near the boundary 
of the Bay Area. Few are moving into the coastal areas of Southern California and the Bay Area, the latter of 
which has the highest displacement risk in the state. 


105 



https://ww3.arb.ca.gov/planning/sip/2016sip/2016mobsrc.pdf

https://ww3.arb.ca.gov/planning/sip/2016sip/2016mobsrc.pdf

https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/scoping_plan_2017.pdf

https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/scoping_plan_2017.pdf





      


 


 


           
                
               


          
              


            
               


                 
    


            
                


              
           


            
             


              
            


             
              


              
               


              
            


 


                
   


               
        


  
                


   
           


  
                


  
                  


               
         


 
                   


                  
                 


 


October 28, 2021 


Moreover, auto ownership is expensive. Low- and moderate-income households spent over 
half their yearly income to acquire their last vehicle,117 and it costs on average $9,000 per 
year to own, maintain, and operate a private vehicle, which represents about 16 percent of 
average US household expenditures.118 Rural and suburban households report about 
25 percent more VMT than urban households, and thus, incur higher cost burdens.119 Finally, 
building and maintaining roads is expensive - roadway maintenance costs alone have 
ballooned to over $1.4 billion per year in California.120 California’s roads have some of the 
worst congestion in the nation, and 10 million more vehicles are projected to be on the road 
by 2050. 


Without additional policy intervention, VMT may continue to rise. California needs to 
re-envision its built environment in a way that reduces the number and length of trips people 
make, as well as make walking, biking, transit, and other mobility options become more 
viable. Along with reducing GHG emissions and air pollution,121,122 lowering transportation 
expenses by driving less helps people meet other critical household needs, accumulate 
wealth, buy homes closer to key destinations, and increase discretionary income. Less driving 
will reduce congestion, save the State money by not having to build expensive new 
transportation infrastructure, and reduce overall costs to maintain the road system. 


Reducing VMT is difficult. Many factors influence an individual’s travel choices, and they 
interact with one another in a complex manner that is not always well understood. 
Investments in viable travel alternatives such as transit, cycling, and walking, as well as 
regional growth patterns all play a role in influencing personal travel behavior. It is also 
important to acknowledge that other factors determined at a macro-level, such as gas prices 
and employment, play a significant role in influencing personal travel behavior.123 When 


117 Pierce, G. DeShazo, J.R., et al. 2019. Designing Light-Duty Vehicle Incentives for Low- and Moderate-Income 
Households. https://ww3.arb.ca.gov/research/single-project.php?row_id=65259 
118 Handy, S. 2020. Reducing Car Dependence Has Economic, Environmental, and Social Benefits. UC Davis: 
National Center for Sustainable Transportation. http://dx.doi.org/10.7922/G2J101FV Retrieved from 
https://escholarship.org/uc/item/7js9s5jk 
119 Pierce, G. DeShazo, J.R., et al. 2019. Designing Light-Duty Vehicle Incentives for Low- and Moderate-Income 
Households. https://ww3.arb.ca.gov/research/single-project.php?row_id=65259 
120 Bureau of Transportation Statistics. 2015. Highway Statistics 2015. Table SF-12. 
https://www.fhwa.dot.gov/policyinformation/statistics/2015/sf12.cfm 
121 Ewing, R., Hamidi S. 2016. Urban sprawl as a risk factor in motor vehicle crashes. 
https://doi.org/10.1177/0042098014562331 
122 Busch, B., Lew, E., & Distefano, J. 2015. Moving California Forward: How Smart Growth Can Help California 
Reach Its 2030 Climate Target While Creating Economic and Environmental CoBenefits. Joint report by Energy 
Innovation Policy and Technology LLC, and Calthorpe Analytics. Available: https://energyinnovation.org/wp-
content/uploads/2015/11/Moving-California-Forward-Full-Report.pdf 
123 Travel behavior is influenced by a number of factors including income, the costs of owning and operating a 
vehicle, other travel options, the time cost of travel, urbanization, and highway capacity. During the last SB 375 
Target Setting Update MPOs cited a rebound effect of increased overall driving due to increasing vehicle fuel 
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CARB released its 2018 Progress Report to the Legislature on SB 375 Implementation 
(SB 375 Progress Report), the report day-lighted several issues that impede California’s 
success in reducing VMT and that despite our collective efforts to put in place transportation 
plans with more coordinated land use plans and policies that would reduce transportation 
emissions, implementation of those plans is not occurring as envisioned. These shortcomings 
do not rest fully on any particular entity, but fixing them will require greater leadership across 
all levels of government. The report identified a number of key areas for future action and 
additional collaboration, including: aligning certain State funding sources with environmental, 
equity, and other priorities; increasing affordable travel and housing choices in under-served 
communities; developing sustainable and equitable methods of funding the transportation 
system; deploying new mobility options that complement environmental and equity 
priorities; piloting innovative approaches to speed adoption of clean transportation options; 
improving access to data; and updating and strengthening SB 375. This document is 
intended to identify actions that CARB, for its part, can undertake to begin to advance 
implementation of those recommendations. 


The recipe for success in reducing VMT requires many ingredients, but two essential ones 
include a focus on equity and partnerships. 


Addressing Equity 


Historically, many transportation and land use policies in California created, exacerbated, and 
perpetuated systems through which white, middle- and high-income populations advanced 
their privilege at the expense and detriment of Black, Indigenous and People of Color 
(BIPOC) communities, people of low-income, and other under-served communities. In turn, 
those systems contributed to the stark disparities Californians observe today across race and 
levels of income in relation to access to quality housing, educational attainment, employment 
rates, and general health and life expectancy, among others.124 CARB is committed to 
dismantling embedded systems of disenfranchisement and discrimination, and to prioritizing 
the needs of historically under-served communities in our work. The 2020 Strategy aims to 
mark a decisive step by CARB on a much longer path to develop the knowhow and 
frameworks for collaboration to combat longstanding inequities through California’s 
transportation and land use policies and programs. 


State transportation agencies have reviewed their past policies and impacts, and 
acknowledged their contributions to structural inequities. In June 2020, CalSTA Secretary 
David S. Kim made an official statement recognizing that the expansion and improvement of 


efficiency, as a significant factor making it difficult to achieving their targets. As part of the Advanced Clean Car 
II Rulemaking, CARB will analyze the rebound effect 
124 For example, life expectancy varies by as much as 21 years in the San Joaquin Valley depending on zip code; 
zip codes with the lowest life expectancy tend to have a higher percentage of Hispanic and low-income 
residents. (Joint Center for Political and Economic Studies; Fresno State’s Central Valley Health Policy Institute. 
2012. Place Matters for Health in the San Joaquin Valley: Ensuring Opportunities for Good Health for All) 
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California’s transportation system disproportionately benefitted some population groups and 
burdened others, and that “far too often, past transportation decisions quite literally put up 
barriers, divided communities, and amplified racial inequalities, particularly in our Black and 
Brown neighborhoods.”125 In December 2020, the California Department of Transportation 
(Caltrans) issued its own Equity Statement affirming that “communities of color and 
under-served communities experienced fewer benefits and a greater share of negative 
impacts associated with our state’s transportation system.”126 Finally, in January 2021, the 
California Transportation Commission (CTC) declared that “new highways were frequently 
constructed through predominately Black, Latino, Asian, and low-income neighborhoods to 
meet the needs of primarily white suburban commuters, and through tribal lands” while 
other “racist policies and decisions also influenced the siting of other types of transportation 
infrastructure, such as commuter railways, and the delivery of transit services.”127 


Land use policy has been another structural pillar for socioeconomic and environmental 
inequity in California. The current makeup of our cities – their patterns of racial and social 
segregation, investment and underinvestment, and residents’ varying rates of income, 
education and health – is heavily rooted in legacy federal urban renewal, housing, and 
mortgage insurance programs that codified and advanced racial discrimination dating back 
to the 1930s.128 Local governments in California acted to protect these federal programs 
through zoning decisions that “drove new industrial facilities to or near redlined 
communities, while at the same time upholding race restrictions through local covenants.”129 


Last fall, CARB adopted Resolution 20-33 acknowledging that “impacts from air pollutants 
and greenhouse gases disproportionally affect communities of color … condemn(ing) racism 
and racial bias in all forms and in all spaces, and welcom(ing) the opportunity to establish and 
enhance proactive measures to ensure racial equity permeates all of CARB’s activities both 
internal and external.”130 Upholding that commitment will require introspection on our 
potential role effecting inequitable outcomes (intentionally or unintentionally) through 
decades of work focused on reducing air pollution and greenhouse gas emissions. It will also 
require that, moving forward, CARB center equity in all its efforts by prioritizing the needs of 
those most and worst affected by air pollution and the impacts of climate change, such as 
BIPOC communities, low-income communities, and other under-served communities. CARB 


125 CalSTA, Secretary David S. Kim Issues Statement on Racial Equity, Justice and Inclusion in Transportation, 
2020. 
https://calsta.ca.gov/press-releases/2020-06-12-statement-on-racial-equity 
126 Caltrans, Caltrans Equity Statement, 2020. https://dot.ca.gov/about-caltrans/equity-statement 
127 CTC, Racial Equity Statement, 2021. https://catc.ca.gov/about/racial-equity-statement 
128 Richard Rothstein, The Color of Law: A Forgotten History of How Our Government Segregated America. 
2017. 
129 CalEPA. Pollution and Prejudice: Redlining and Environmental Injustice in California. 2021. 
https://storymaps.arcgis.com/stories/f167b251809c43778a2f9f040f43d2f5 
130 CARB. Resolution 20-33: A Commitment to Racial Equity and Social Justice. 2020. 
https://ww3.arb.ca.gov/board/res/2020/res20-33.pdf 
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believes that true changes will not come from just investing in these communities, but also 
from ensuring that these communities have a more active role in needs assessment, solutions 
design, and planning processes that lead to such investments and other strategic policy 
decisions. 


CARB is taking key steps in that direction with the 2020 Strategy. In developing the 
strategies and actions to reduce VMT included here, equity outcomes have been a key 
consideration. CARB is making commitments to expand our collaboration with under-served 
communities in transportation needs assessments to identify clean mobility projects for 
funding; to studying and providing recommendations to develop equitable road pricing 
programs; and to crafting a strategy of State policy solutions that increase the development 
of equitable infill housing projects. However, CARB is cognizant that centering equity in our 
work also requires considering how an action engages within the historic and ongoing 
context of systemic racism. For example, there is a potential for road pricing and infill 
housing programs to work against equity if agencies do not appropriately design and 
implement them. Recent decades have been marked by a significant in-migration of white 
and middle- and high-income households and businesses to the core of California’s most 
populous cities, a steep increase in core city rents and real estate values, and the relocation 
of BIPOC and low-income communities to peripheral areas further away from employment 
hubs, key services, and good transit service. Strategies that increase infill and transit-oriented 
development have brought up concerns around displacement of existing residents due to 
increasing land values. In addition, as the housing cost burden is rising in every region, for all 
income-levels, pricing strategies raise serious concerns. Pricing can put a greater burden on 
low-income Californians, who also experience greater cost burdens from vehicle ownership 
than wealthier Californians or who have no alternatives to driving. CARB and its partners will 
need to confront these realities head on when developing solutions. 


Integral to CARB’s push to center equity in its VMT reduction work will be building new 
structures for engagement, co-creation, implementation, and program evaluation with 
BIPOC, low-income, and under-served communities. Over the years, CARB’s various 
programs and agency-wide perspectives on equity have benefitted greatly from the 
participation, ideas and activism of local communities, community-based organizations (CBO) 
and non-governmental organizations (NGOs) concerned with equity issues. As CARB moves 
to further develop and implement the VMT reduction strategies and actions identified in the 
2020 Strategy, it is committed to elevating and empowering under-served communities’ 
voices in the decision-making process; identifying who will benefit or be burdened by a given 
decision (including examining potential unintended consequences of a decision); designing 
strategies to advance equity and mitigate unintended negative consequences; and, to 
structuring mechanisms for successful implementation and evaluation of impacts. CARB will 
intentionally lead these efforts with a racial justice perspective to confront the impacts of a 
long history of systemic racial inequity and the intersectionality of race with low-income and 
other under-served communities. CARB will also closely monitor its efforts to collaborate with 
BIPOC communities across multiple geographies and fields of policy intervention so that it 
can continue to learn and improve over time. 
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CARB does not hold all the answers, but it is committed to the work of building out robust 
structures to center equity in its work and to prioritizing the needs of under-served 
communities. The great urgency of racial and other inequities today demands that we take 
actions now, learn by doing, and improve our approach iteratively. Ahead of the 2020 
Strategy lies the development of the 2022 Scoping Plan Update, where we will be working 
closely with State agency partners like CalSTA, Caltrans, and the CTC who are similarly 
committed to prioritizing transportation equity in State policy. Let this be an invitation to all 
stakeholders, and particularly local communities and CBOs, to reach out to CARB and 
engage in shaping how the agency advances equity moving forward through the 2020 
Strategy, the Scoping Plan update, and CARB’s work at-large. 


Partnerships 


Growth in VMT is governed by a host of interconnected factors that are not confined by 
political boundaries or addressed through singular policy domains; successful VMT reduction 
policy relies on reinforcement across all levels of government using multiple policy levers. 
Meeting the magnitude and complexity of the challenge will require improved alignment 
across multiple agencies and systems that address the interconnected relationship of land 
use, housing, economic and workforce development, transportation investments, and travel 
choices. 


An important State effort that reflects, and seeks to address, this complexity is the Climate 
Action Plan for Transportation Infrastructure (CAPTI) that CalSTA is developing in 
collaboration with CARB and other State agency partners, pursuant to Executive Order 
N-19-19. Executive Order N-19-19 directs CalSTA to leverage the State’s $5 billion
transportation funding portfolio in a manner to help achieve the goals in the 2017 Climate
Change Scoping Plan. Over the course of the last year, CalSTA and partner agencies have
identified a number of actions to better align transportation investment priorities with State
climate goals. Actions that involve CARB and aim to reduce VMT are included in this
document.


Another key partnership opportunity is the reconvening of the State Agency-Metropolitan 
Planning Organization (MPO) Working Group. Through this Working Group, CARB staff are 
working with the Governor’s Office of Planning and Research (OPR), MPOs, and other State 
agencies to support improvements to regional planning and SB 375. As part of this effort, 
CARB staff are working with MPOs to discuss principles for establishing an evaluation 
framework that can help prioritize State funding in a manner with the greatest potential to 
advance SCS implementation. 


CARB is also: 


• Participating in the State’s Housing and Transportation Coordination Working Group,
which facilitates cross-disciplinary learning and collaboration, including funding
program guideline changes to better incentivize coordinated housing and
transportation projects with State funds.
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• Holding joint meetings with the CTC and Department of Housing and Community
Development (HCD) twice a year to help better align state transportation, housing,
climate, and air quality programs and policies.


• Collaborating with State and regional partners to enhance our understanding of travel
behavior. For example, a partnership between CARB, Caltrans and the Sacramento
Area Council of Governments (SACOG) is leading to new approaches to use “big
data” to assess regional travel patterns in the Sacramento region and enhance
planning.131 


• Participating in the interagency Transportation Research Roundup Group to ensure
that State-funded transportation research is well-coordinated, and to identify
cross-agency research collaboration opportunities.


Continuing to build on and expand partnership opportunities will be an important and 
necessary component of CARB’s work to achieve greater VMT reductions and meet our 
collective emissions reduction goals. The actions identified in this chapter are examples of 
this view, all of which will require collaboration and partnerships across multiple State 
agencies, regional and local government, tribal governments, transit operators, air districts, 
private companies, and environmental and community-based organizations. 


Process to Develop VMT Actions in the Mobile Source Strategy 


The 2020 Strategy represents a waypoint in a broader interagency and stakeholder process 
that lies ahead to identify actions to reduce passenger VMT. Specifically, while the 
2020 Strategy identifies a suite of actions CARB could take under its authority, the 2022 
Scoping Plan Update will identify a broader set of actions across State government to reduce 
VMT to meet State climate goals. This process will be outlined in more detail at the end of 
this section. 


The scope of this chapter in the 2020 Strategy includes concepts organized around eight 
strategy areas that build from or support related, ongoing efforts, or would be new actions 
that CARB could initiate under its existing authority within the next several years. These eight 
strategy areas represent often mentioned types of strategies for reducing VMT and are 
aligned with the challenge and opportunity areas explored in CARB’s SB 375 Progress 
Report, which relied on input from MPOs; academics; builders; environmental, public health, 
and equity advocates; State and local government practitioners; and public stakeholders. 


The strategy areas are: 


1. Increase Transportation Choices and Improve Access
2. Authorize and Implement Equitable Pricing of Transportation


131 www.sacog.org/post/big-data-pilot-project-transportation-planning-replica 
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3. Align State Funding Programs to Reduce Vehicle Travel and Achieve the State’s
Greenhouse Gas Emissions Reduction Goals


4. Shape the Deployment of New Mobility Options in Ways That Reduce VMT
5. Better Align Land Use Planning with the Scoping Plan’s Goals
6. Accelerate Infill Housing Production
7. Support Local and Regional Partners to Implement VMT Reduction Measures
8. Elevate the State of Science to Inform the Development and Implementation of


Sustainable Community and Transportation Policies


In the next section, CARB staff provides additional detail on the importance of each strategy 
area in reducing VMT, current challenges and opportunities, and a description of the 
concepts CARB could undertake. Because CARB’s existing authority is limited when it comes 
to VMT-reducing actions, staff have identified areas where new resources and legislation 
would be necessary. Above all, strong partnerships, alignment, and close collaboration across 
State agencies, MPOs, and affected stakeholders will be critical to maximize impact. 


In each of the following strategy areas, CARB staff identify why the strategy is important for 
VMT reduction, known challenges and opportunities, and actions it could pursue in the 
near-term to advance the strategy. 


Strategy Area 1: Increase Transportation Choices and Improve Access 


Increasing viable options other than a personal vehicle, such as walking, bicycling, transit, or 
other emerging mobility options to get people where they need to go more conveniently 
and frequently is a necessary step to VMT reduction. However, decades of transportation and 
land use planning practices have created car-dependent communities in which driving is a 
virtual necessity to access most destinations. In addition, residents and visitors face a 
disaggregated public transportation network that is often not as friendly to use as it might 
be, is costly to operate, and faces new competition for ridership in many places. Transit 
ridership has fallen across California and there continues to be a relatively small percentage 
of people who walk and bike to work, approximately 4.5 percent.132 COVID-19 has taken a 
particularly devastating toll on transit, with several agencies dealing with public perceptions 
about contagion, record-low ridership and resulting revenue losses, and detrimental service 
cuts that affect vulnerable groups and essential workers in the greatest need of transit 
services. 


Overall, the need for greater investments in all modes is needed to advance transportation 
choices to help slow VMT growth. Important strides to increase funding for transportation 
choices have been made, including increasing public transit, road maintenance, and active 
transportation spending, but as CARB’s SB 375 Progress Report shows, more must be done 
to shift transportation investments and accelerate progress on climate, accessibility, health 


132 CARB. 2018. 2018 Progress Report: California’s Sustainable Communities and Climate Protection Act. 
Available: https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf 
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and equity benefits. Caltrans’ California Transportation Plan 2050 (CTP 2050) offers some 
insight into the substantial magnitude of funding needed to implement this transformation 
and uses a compilation of the MPO regional transportation plans (RTP) and SCSs to estimate 
the lower bound cost, of more than $1 trillion over the next 20 years. While CARB 
acknowledges the substantial need for increased investment, this document highlights and 
focuses on actions CARB could immediately undertake within its authority to help advance 
these broader objectives. 


Recently, CARB has invested efforts in identifying and overcoming barriers to clean 
transportation access for low-income residents. As discussed previously, CARB published the 
SB 350 Barriers Report in February 2018. Through the statewide public process to develop 
recommendations for this study, residents and stakeholders stressed that transportation and 
mobility needs vary widely across communities and across demographic groups within 
communities. Residents of low-income and disadvantaged communities stated their interests 
and needs were not being adequately considered during transportation planning efforts that 
affected their communities. And yet, in order for clean transportation projects to successfully 
reduce GHG emissions and VMT, residents have to buy into and utilize the implemented 
clean transportation services. Consequently, the SB 350 Barriers Report recommends 
expanding assessments of community residents’ transportation needs to identify barriers to 
accessing and adopting clean, transportation and mobility options for low-income 
communities and communities most burdened by air pollution. The study also recommends 
involving those community residents in transportation planning and project implementation. 


CARB has piloted this approach in two funding programs - the Clean Mobility Options (CMO) 
Voucher Pilot and the Sustainable Transportation Equity Project (STEP). So far, CARB is 
funding 24 small-scale community transportation needs assessments (totaling $1.15 million) 
through CMO and eight larger-scale community transportation needs assessments and 
planning projects (totaling $1.75 million) through STEP. Based on the proposals received in 
the STEP solicitation and the CMO voucher application window, there is significant demand 
for transportation needs assessments. STEP received 20 Planning and Capacity Building 
Grant proposals requesting $7.2 million in total and was oversubscribed by more than four 
times the available funding, while CMO received 44 needs assessment voucher applications 
requesting $2 million in total and was oversubscribed by twice the available funding. 


CARB is also funding clean transportation projects selected to fulfill unmet transportation 
needs identified by community residents. In STEP, CARB is investing $17.8 million in 
VMT-reducing projects in three communities that have conducted and plan to continue 
extensive community engagement through the grant’s duration. Through CMO, CARB is 
investing $20 million in shared mobility project vouchers in communities statewide. Based on 
demand for these pilots, it is also clear that more funding is needed to implement clean 
mobility projects identified by community residents. 


The impacts of COVID-19 on transit agencies have been immense, but also present an 
opportunity to implement changes to increase transportation choices. Monterey-Salinas 
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Transit, in a first-of-its kind partnership with Caltrans and Visa to implement contactless 
payments in public transit buses, is already discovering that during the COVID-19 pandemic, 
customers prefer this form of payment over cash.133 Contactless payments may provide an 
opportunity to renew transit ridership after the pandemic. London, for example, in its first 
year accepting contactless payments, saw a four to five percent growth in ridership.134 


Contactless payments will also lower the cost for transit providers, as it is expensive to 
operate and maintain cash collection systems. These savings can be passed on to riders.135 


Washington D.C, for example, spends 10 cents per dollar collecting cash fares, but just 
4 cents per dollar on credit/debit card fares.136 


Having so many different transit systems also makes it harder for riders to understand and 
use the services available to them. Opportunities to align services include the California 
Integrated Travel Project (Cal-ITP), which aims to implement a statewide contactless 
integrated fare payment and data reporting system that allows for seamless fare payment 
and collection across transit agencies and mobility service providers. Cal-ITP would not 
require a unique card, app, ticket, or account for each transit service, increasing the 
accessibility and usability of diverse transportation options. Cal-ITP would standardize 
contactless payments allowing transit riders to pay from bank cards (such as credit, debit, and 
prepaid cards) and smart devices equipped with mobile wallets. This simplifies the payment 
process across modes and service providers, and provides real-time data services for trip 
planning. Importantly, as part of this effort, Cal-ITP is working to address solutions for 
California’s most underserved communities and un- and underbanked transit users by 
offering a unique verification system for individuals to receive free or reduced fares across all 
California transit providers without having to prove eligibility to each transit agency, thereby 
making it easier to use transit. 


In light of these challenges and opportunities, CARB could expand work to identify 
community needs, fund an array of transportation choices to meet those needs, and reduce 
barriers to the use of transit. 


Strategy Area 2: Authorize and Implement Equitable Pricing of 
Transportation 


Adjusting price signals in ways that make it advantageous to travel via carpool, public transit, 
and active transportation than to drive alone can provide a powerful incentive to shift travel 


133 MST. 2020. MST Announces A New Partnership with Caltrans, Visa Introducing Contactless Fare Payment 
Demonstration. Available https://mst.org/news_items/mst-announces-a-new-partnership-with-caltrans-visa-
introducing-contactless-fare-payment-demonstration/ 
134 Transport for London. 2016. Commissioner’s Report. Available: http://content.tfl.gov.uk/board-160203-
item05-commissioners-report-v2.pdf 
135 Caltrans. 2021. CAL-ITP. Available: https://www.calitp.org/ 
136 Caltrans. 2021. CAL-ITP. Available: https://www.calitp.org/ 
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patterns and reduce congestion while also providing revenue that may be reinvested to 
expand travel choices. Research and analysis show that pricing – whether through congestion 
pricing, tolling, parking pricing, or cordon pricing-is one of the most effective strategies for 
reducing statewide VMT and GHG emissions when paired with effective alternatives to 
driving alone.137,138 


Pricing transportation can take many forms. It can be a charge to motorists for use of the 
roadway network based on how many miles they drive, instead of how many gallons of gas 
they use, under a “user pays” principle. Pricing can also take the form of behavioral pricing 
policies that are meant to incentivize users to prioritize or avoid certain trips, or to switch to 
other modes. These can include instituting pricing for operating vehicles in certain lanes at 
peak times, driving into certain designated areas, parking in prime locations, as well as 
instituting lower-cost transit passes, and pricing structures that encourage carpooling or 
avoiding unnecessary trips. 


Pricing, however, raises serious equity concerns, especially for those Californians already 
paying a significant portion of their income on housing and transportation. This is made even 
worse as the housing cost burden is rising in every region, for all income levels.139 As housing 
prices have soared in job centers, commutes can lengthen if people have to drive further to 
find a home they can afford. Pricing can also put a greater burden on low-income 
Californians, whose household transportation cost burden is already higher than wealthier 
Californians due in part to these households driving older and less efficient cars. Thus, any 
strategies developed will need to consider these equity concerns and ensure that they do not 
place an additional burden on those already struggling with rising housing and transportation 
costs, and those who have no alternatives to driving. 


While further progress on pricing strategies would require State action, five regions in 
California report they have already adopted or are beginning to consider pricing, including 
some rural regions with heavy tourist traffic or heavy traffic passing through their region.140 


They include implementing congestion-based bridge tolls that vary the cost of the toll based 
on whether or not the driving occurs during peak commute hours; creating networks of 
express lanes that are free to transit, carpools, vanpools, and motorcycles and that are 
available to single-occupant vehicles for a toll; educating the public about the high costs of 
traffic congestion and the possibility of creating mobility zones via congestion pricing; and 
valuating means-based pricing strategies for public transit. 


137 https://dot.ca.gov/-/media/dot-media/programs/transportation-planning/documents/ctp-2050-v3-a11y.pdf 
138 Carbon Neutrality Studies: Vehicle Emissions and Fossil Fuel Demand and Supply | CalEPA 
139 CARB. 2018. 2018 Progress Report: California’s Sustainable Communities and Climate Protection Act. 
Available: https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf 


140 CARB. 2018. 2018 Progress Report: California’s Sustainable Communities and Climate Protection Act. 
Available: https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf 
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These pricing strategies also help regions overcome significant losses in revenue from State 
and federal gas taxes as a result of more fuel-efficient vehicles and ZEVs.141 The Southern 
California Association of Governments (SCAG), for example, assumes increases in federal gas 
taxes, revenue from a yet-to-be implemented mileage-based user fee that replaces the gas 
tax, local pricing policies (e.g., congestion and parking) and fees placed on transportation 
network companies (TNCs). These new revenue sources amount to $128 billion – nearly 
20 percent of the RTP’s budget - and are important to implementing the SCS. 


Equitable pricing can also achieve other important benefits aside from VMT and GHG 
reductions. As analyzed in Caltrans’ CTP 2050, the impacts of increasing the cost of driving in 
California’s most congested counties (exempting the lowest income quintile) and 
implementing cordon pricing in California’s ten most populous downtowns results in a 
positive economic impact. As travelers shift from driving to other modes, reduced congestion 
allows for faster and more efficient travel for those who rely on roadways, including freight 
vehicles. 


Changing the structure of costs people incur to access the transportation system provides an 
opportunity to more equitably and sustainably reduce congestion, increase transportation 
choices, and fund the transportation system as a whole. Any transportation system pricing 
program, regional or state, will need to be implemented in conjunction with requirements to 
use the resulting revenue to invest in alternatives to driving alone, with a particular focus on 
ensuring low-income residents have affordable access to jobs and other key destinations. 
Revenues from pricing could be used to fund shuttles, enhance transit service, facilitate 
pooling by ride-hailing, install protected bike lanes, implement bike-and scooter-sharing, as 
well as provide financial incentives, including low-and no-cost transit passes. 


In light of these challenges and opportunities, CARB could collaborate with other agencies in 
developing an equitable pricing strategy. (This action supports implementation of the 
CAPTI.) 


Strategy Area 3: Align State Funding Programs to Reduce Vehicle Travel 
and Achieve the State’s Greenhouse Gas Emissions Reduction Goals 


A critical test of progress on VMT reduction is whether investments have shifted in ways that 
improve transportation choices, especially those that make it easy for people to drive less. 
Improving the alignment of funding, especially funding for transportation infrastructure, with 
State and regional goals is a necessary strategy for success. Yet, few funding sources exist 
that prioritize climate mitigation or VMT reduction, and the overall ratio of dollars planned to 
be spent on roads versus on infrastructure supporting other transportation modes in the 
largest regions of California has shown remarkably little shift since SB 375 became law in 


141 See Figure 17 showing the decline in total liquid fuel usage for the light-duty fleet over time under the 
primary scenario. 
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2008.142 Structural factors also make it difficult to align SCS planning and transportation 
funding allocations, in part because many funding decisions are not controlled by the MPOs 
who develop the regional SCS plans.143 


New opportunities have made it possible for State agencies to improve collaboration on 
reducing passenger VMT, while simultaneously advancing crucial climate, health, housing, 
equity, and conservation goals. For example, the Road Repair and Accountability Act of 2017 
(SB 1)144 made significant and supportive shifts away from past transportation packages, 
provided essential funding for fixing existing infrastructure, and increased investment in 
multi-modal programs. In addition, Governor Newsom issued two EOs that provide direction 
for State transportation spending, including support for VMT reduction projects. Executive 
Order N-19-19 directs CalSTA to leverage $5 billion in annual discretionary State 
transportation funds to reduce GHG emissions in the transportation sector and align 
transportation spending with the State’s Climate Change Scoping Plan, where feasible. It also 
calls for actions from multiple State agencies to reduce GHG emissions and mitigate the 
impacts of climate change (e.g., direct investments to support smart growth to increase infill 
housing production; reduce congestion through strategies that encourage a reduction in 
driving and invest further in walking, biking, and transit). As discussed earlier, Executive 
Order N-79-20 explicitly points to the critical role of transit, passenger rail, active 
transportation, complete streets, and micro-mobility as tools to expand mobility options, 
encourage mode shift, and reduce overall VMT, and further directs CalSTA to identify near-
term actions and investment strategies by July 15, 2021 to improve clean transportation and 
sustainable freight and transit options. The draft Investment Framework for the Climate 
Action Plan for Transportation Infrastructure developed in response to the EO identifies 
guiding principles for investments that will help achieve VMT reductions, such as “Investing in 
networks of safe and accessible bicycle and pedestrian infrastructure,” “Promoting projects 
that do not increase passenger vehicle travel,” and “Promoting compact infill development 
while protecting residents and businesses from displacement.” 


One action in CAPTI that CARB proposes to lead is a collaborative process with state and 
regional partners to develop a framework for identifying projects that best advance the 
objectives of the RTP/SCSs and the Scoping Plan. In a time of constrained resources, the 
framework is intended to both help prioritize projects that do the best job of advancing SCS 
implementation and to send clear and consistent signals about what types of transportation 
and land use projects will bring the State important SCS benefits. These benefits include 
improvements in public health, especially in communities that are already the most burdened 
by pollution, as well as conservation of natural and working lands, expanded access to homes 


142 CARB. 2018. 2018 Progress Report: California’s Sustainable Communities and Climate Protection Act. 
Available: https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf 
143 CARB. 2018. 2018 Progress Report: California’s Sustainable Communities and Climate Protection Act. 
Available: https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf 
144 Beall, Chapter 5, Statutes of 2017 
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https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf

https://ww2.arb.ca.gov/sites/default/files/2018-11/Final2018Report_SB150_112618_02_Report.pdf
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that are affordable to households at a range of income levels, reduced traffic congestion and 
road maintenance burden, improved transportation choices for people of all incomes, and 
planning for attainment of air quality standards. 


In light of these challenges and opportunities, CARB could explore collaboratively 
developing tools that help advance project selection and transportation planning to better 
align with climate and equity goals. (This action supports implementation of the CAPTI.) 


Strategy Area 4: Shape the Deployment of New Mobility Options in Ways 
That Reduce VMT 


New mobility brings together technology, transportation services, as well as public and 
private business models into a new transportation landscape providing new options for 
travelers such as public and private bike and scooter share, carsharing, ride-hailing, 
on-demand delivery, on-demand transit, and automated vehicles. These services offer the 
opportunity to transform our transportation system in ways that help reduce VMT by 
providing options for riders that need them and slowing growth in auto ownership, 
optimizing linkages with public transit, as well as helping to facilitate carpooling. 


However, without additional State policy, these services could also increase VMT and GHG 
emissions, result in safety concerns, and exacerbate equity issues related to service gaps and 
costs by disrupting and competing with existing services. For example, VMT by ride-hailing 
services offered by transportation network companies (TNCs) grew 24-fold between 2014 
and 2018, with a 2018 TNC share of total light-duty VMT in California of 1.2 percent.145 TNC 
growth is expected to continue growing until market saturation. The share of trips from TNCs 
is still small compared to trips overall, but is rapidly increasing and contributing to 
congestion, especially in urban areas.146 With dead-head miles (one-way trips without a 
passenger), VMT from TNCs is greater than the equivalent would be if driven in personal 
vehicles.147,148 


Additionally, changes in transportation behavior resulting from the COVID-19 pandemic are 
also contributing to the changing transportation landscape. In particular, the pandemic has 
accelerated the growth of on-demand delivery services even further.149 The share of VMT 


145 CPUC. 2014-2018 Transportation Network Companies historical data provided to CARB. 
146 San Francisco County Transportation Authority. 2018. TNCs and Congestion: Final Report. Available: 
https://www.sfcta.org/sites/default/files/2019-05/TNCs_Congestion_Report_181015_Finals.pdf 
147 CARB. 2019. Clean Miles Standard 2018 Base Year Emissions Inventory Report. Available: 
https://ww2.arb.ca.gov/sites/default/files/2019-12/SB%201014%20-
%20Base%20year%20Emissions%20Inventory_December_2019.pdf 
148 Henao, A., Marshall, W.E. The impact of ride-hailing on vehicle miles traveled. Transportation 46, 2173–2194 
(2019). https://doi.org/10.1007/s11116-018-9923-2 
149 Matson G. et al. Longitudinal Analysis of COVID-19 Impacts on Mobility: An Early Snapshot of the Emerging 
Changes in Travel Behavior” (2021). https://escholarship.org/uc/item/2pg7k2gt 
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coming from new mobility services will increase rapidly as the use of these delivery services 
continues growing, especially without any policies in place to help make these services more 
efficient and sustainable. 


In light of these challenges and opportunities, CARB could continue and expand regulations 
around new mobility services to help support an expanding ZEV market and an efficient 
transportation system. 


Strategy Area 5: Better Align Land Use Planning and Development with the 
Scoping Plan’s Goals 


Integrated planning that aligns land use and housing development with transportation 
options that are accessible to and near daily needs reduces the number and length of vehicle 
trips. Densifying development through infill, making sure growth occurs in walkable or 
transit-oriented areas, and disallowing leapfrog development out in natural or agricultural 
areas are known land use strategies for supporting VMT reduction. While land use 
decision-making in California is under the control of cities and counties, myriad state polices 
in California affect land use development patterns. In recent years, California has adopted 
new laws to support growth through infill and transit-oriented development through the 
CEQA and housing planning processes, as well as put in place competitive funding programs 
to support these objectives through State transportation, housing, and climate investment 
programs. 


Most prominently, SB 375 was adopted in 2008 and intended to be the State’s primary 
mechanism to achieve significant emissions reductions from changed land use patterns and 
improved transportation. The law set forth new requirements for California’s MPOs to include 
sustainable communities strategies within their RTP, and was intended to set forth a 
long-range vision for the region’s land use allocation. However, as described in more detail in 
CARB’s SB 375 Progress Report, many of the forecasted results of this State policy, including 
achievement of more compact growth and per capita VMT reduction, have been slow to 
occur. 


Stakeholders interviewed by CARB staff during preparation of the SB 375 Progress Report 
pointed out that the regional SCSs’ impact on local development decisions to date are 
minor. Interviewees cited fundamental challenges to achieving greater consistency between 
local plans and the SCS. These challenges included issues with the clarity of SCS plans and 
not being able to easily distinguish whether a potential local action supports or interferes 
with implementing the region’s SCS, as well as lack of direct, ongoing and predictable 
incentives or penalties to localities that support conformance with SB 375 goals. Interviewees 
also cited the elimination of key tools for land use change, specifically, the loss of 
redevelopment revenue in 2012 as continuing to have a major impact. 


In addition to identifying challenges pertaining to local alignment with regional plans, 
interviewees identified opportunities to strengthen local and regional plan alignment with 
State VMT reduction goals. In particular, interviewees pointed out that the SB 375 law itself 
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could be changed to require State and regional alignment on VMT reduction targets out to 
2050, so that regional and local planning efforts focus on identifying needed long-term land 
use and transportation systems strategies, as opposed to vehicle technology strategies that 
advance GHG emissions reductions only. 


A combination of changes to law are needed to help address these challenges and increase 
delivery of the current SB 375 program’s targeted VMT reductions from land use change. To 
address the issue of clarifying VMT reduction goals and timelines between government 
agencies, the legislature would need to add authority for CARB to set regional VMT-based 
targets for 2035, 2045, and 2050, aligned with key State climate planning milestones. To help 
with the issue of clarity of SCS plans and local implementation of them, SB 375 would need 
to be modified to direct MPOs to identify what transportation, housing, and land use project 
investments and supporting local implementation actions are most critical to achieving its 
SCS VMT reduction strategies and targets, and to monitor whether its local agencies are 
implementing land use decisions that conform. In cases where a local agency is taking action 
that will interfere with its regional SCS’s VMT reduction goal, the legislature could direct 
MPOs to issue a formal warning to the local agency and report on outcomes to State partner 
agencies. Requiring these SCS plan clarifications could help increase likelihood of delivering 
SB 375 VMT reductions by providing clear and consistent signals to local agencies on the 
amount, type, accessibility characteristics of growth needed in its communities to achieve 
California’s SB 375 goals so that the agency can more easily operationalize that information 
in its planning, funding, and permitting processes. State agencies would also be able to use 
identified local priority investments and actions to help better align and prioritize State 
funding decisions toward VMT reduction. 


In light of these challenges and opportunities, CARB could update SB 375 to provide actions 
and incentives that help advance SCS implementation. 


Aligning land use planning to meet California’s VMT reduction needs also means providing a 
counterbalance and complement to urban development strategies through strategies like 
land conservation. Conservation is an effective method to reduce VMT and provides 
extensive co-benefits beyond reducing transportation emissions. When natural and 
agricultural lands are lost to more intensive uses, the carbon stored in the soil and plant 
biomass on the land is degraded or lost as carbon dioxide.150 In addition, the construction of 
roads and sprawl-style development leads to the parcelization and fragmentation of natural 
and working lands. This fragmentation can make it more difficult and costly to implement 
effective conservation and restoration management strategies. Protecting agricultural lands 
from conversion to developed lands also helps protect natural lands by limiting the relocation 


150 California loses, on average, approximately 50,000 acres of farmland per year, mostly due to urbanization. 
Strategic Growth Council. 2019. Annual Report to the Legislature: 2018-2019 Fiscal year. California Department 
of Conservation. Division of Land Resource Protections Farmland Mapping and Monitoring Program. 
https://www.conservation.ca.gov/dlrp/fmmp 
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of agricultural production.151,152,153 As agricultural production relocates, it is likely to move 
farther from existing support infrastructure such as markets, processors, and farm worker 
housing. Directing new growth to existing communities without displacing current residents 
can prevent the conversion of natural and working lands, and the associated impacts to 
climate, water, and air, while fostering compact development that reduces VMT. And, as 
highlighted during the pandemic, there is significant demand for outdoor recreational 
opportunities. Creating and maintaining walkable and bikeable outdoor recreation within 
cities can provide a multitude of other benefits, including improved public health, economic 
vitality, wildlife habitat conservation, and community cohesiveness. 


Further, as we chart a path towards carbon neutrality, direct GHG emission reductions alone 
are not enough to reach our ambitious goals. Carbon sequestration is also necessary to 
achieve carbon neutrality, and investments in the conservation and restoration of natural and 
working lands are essential for storing carbon in ways that are resilient to the effects of 
climate change. In accordance with Governor Newsom’s Executive Order N-82-20, agencies 
are required to analyze and project the impact of climate change and other stressors on 
California’s biodiversity, advance multi-benefit and cooperative approaches to steward 
natural and working lands, and CARB is expanding efforts to understand the relationship and 
synergies of taking an integrated cross-sector approach. 


In light of these challenges and opportunities, CARB could update State planning guidance 
to better connect State climate, transportation, and conservation goals with regional 
planning. (This action supports implementation of the CAPTI.) 


Strategy Area 6: Accelerate Infill Housing Production 


Policies that will result in higher densities have often been mentioned in the suite of land use 
tools that might reduce VMT. These policies include direct changes to land use, such as 
encouraging urban infill through combinations of infrastructure, zoning, or public finance 
policies that, for example, focus development around transportation nodes (including transit 
stations) and job centers. 


151 From 1973 to 2000, 2,014 km2 of agricultural lands were converted to urban land use in California. However, 
overall agricultural land use declined by only 473 km2 because of conversion of natural lands (predominantly 
grasslands and shrublands) to agriculture. Sleeter, B. M., Wilson, T. S., Soulard, C. E., & Liu, J. (2011). Estimation 
of late twentieth century land-cover change in California. Environmental Monitoring and Assessment, 173(1-4), 
251-266.
152 Broadly, as prime farmland near cities is converted to development, rangelands are converted to croplands.
Greene, R. P., & Stager, J. (2001). Rangeland to cropland conversions as replacement land for prime farmland
lost to urban development. The Social Science Journal, 38(4), 543-555.


153 From 1984 to 2008, 40 percent of the loss of rangelands in California was due to conversion to more 
intensive agricultural use. Cameron, D. R., Marty, J., & Holland, R. F. (2014). Whither the rangeland?: Protection 
and conversion in California's rangeland ecosystems. PLoS One, 9(8), e103468. 
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Accelerating infill housing production will need to be a key strategy in the context of 
California’s severe housing shortage. To meet current demand, keep pace with future 
growth, and provide a safe, decent, and affordable home for all Californians, State estimates 
suggest that we need to build over 2 million new homes and more than double the pre-2020 
pace of development over the next decade. The housing shortage contributes to increased 
VMT, and hinders our ability to meet GHG reduction goals. The dearth of available and 
affordable housing – particularly in high market demand areas with a diversity of viable, 
low-carbon transportation choices – forces households to live farther from their destinations 
and drive greater distances to meet their basic needs, contributing to the rise in per capita 
VMT, as reported in CARB’s SB 375 Progress Report. 


Additionally, in virtually all regions of the state, and at all but the highest income levels, the 
shortage of available and affordable homes also affects quality of life, economic prosperity, 
and resilience to climate impacts, and exacerbates widening social and racial equity gaps. It 
means as California housing prices soar to some of the highest in the nation, households pay 
ever greater shares of their income on rent or mortgage payments, not only hurting 
household finances but potentially constraining their expenditures at local businesses. 
Californians then also have fewer options to choose the neighborhood or even the region in 
which they live, and have limited access to employment, schools, and economic mobility. 
Importantly, all of these impacts disproportionately affect low-income households and 
communities of color, which are already disadvantaged by historic and present-day 
discrimination in housing law and practice, and broader patterns of systemic and 
institutionalized racism. 


The causes of these issues are intertwined; so are the solutions. As VMT rises, equity gaps 
widen rather than narrow, and the basic costs of living grow more unattainable for 
Californians, it is ever more imperative to address the nexus of housing, climate and equity 
objectives holistically, rather than as separate policy goals. For these reasons, where and how 
we build new housing matters – and will shape our ability to meet GHG reduction goals and 
advance social and racial equity. Building housing in types and locations that reduce long 
commutes and dependence on cars – e.g. places that are higher-density, location-efficient, 
and well-served by low-carbon transportation options – helps reduce VMT and GHG 
emissions, enhance climate resilience, improve quality of life, and increase access to 
economic opportunity. 


The current imbalance of housing supply can be attributed to many factors. CARB’s SB 375 
Progress Report summarizes key challenge areas cited during interviews with builders, 
regional, and local agencies. These include: State and local regulatory and taxation 
structures, whether MPO RHNA allocations support local jobs-housing balance, as well as the 
higher cost and lack of funding opportunities for infill development compared to greenfield 
development. Political dynamics in many parts of the state pose further hurdles for infill 
housing as much-needed new housing is often halted or prohibited altogether by extensive 
and costly local review processes. Additionally, a dearth of financing tools and resources for 


122 







      


 


 


           
      


             
            


            
         
            


                
       


              
               


              
              


                
           


                 
               


                 
             


              


             
             


              
              


              
            


                
            


              
            


           
 


           
  


              
             
              


               


October 28, 2021 


infill-supportive infrastructure presents a significant hurdle to infill housing development in 
many parts of the state. 


The challenges and solutions to California’s housing crisis are numerous, complex, and a 
topic of extensive scholarship and debate. Fundamentally, however, future growth that aligns 
California’s housing, climate, and equity goals will require broad, systemic changes and 
significant, multi-sector collaboration and innovation. This includes technological, financial, 
regulatory, political, and public education measures to deliver new housing faster, cheaper, 
and with greater efficiency in ways that also advance climate and equity goals – and avoid 
unintended consequences like gentrification and displacement. 


Since 2017, the Legislature has passed a series of housing bills designed to address 
California’s housing shortage and affordability crisis. It is too soon to know what net effect 
these tools will have on the backlog of affordable housing need. However, given the 
magnitude of current housing shortfalls, as well as CARB’s findings on the importance of 
accelerating infill to further implementation of SCS plans, it is clear that more tools to directly 
address California’s biggest housing challenges will almost certainly be needed. 


Fortunately, the dynamic current state of California and the nation - on the brink of a slow 
but inevitable recovery from the impacts of COVID-19, in an era of renewed commitment to 
social and racial justice, and at the outset of a new federal administration – is ripe with 
possibility. And, CARB is well-positioned to play a strategic role in supporting collaborative 
efforts to achieve innovation and systemic change in where and how we grow. 


To accelerate infill housing production that advances CARB’s VMT reduction goals, CARB has 
recently expanded its work on policy development at the intersection of housing, climate, 
and equity – in collaboration with State agency partners and many others. CARB’s objectives 
in taking on this work are to advance housing production, GHG/VMT reduction, social and 
racial equity, and health and safety – including climate resilience. By working to achieve 
overlapping benefits for housing, climate, equity, resilience and health and safety outcomes, 
CARB’s goal is to demonstrate it is not only possible but also mutually beneficial to pursue 
multiple policy objectives holistically to achieve a better California for all. 


In light of these challenges and opportunities, CARB could study and explore infill housing 
development barriers and potential state solutions. CARB could also develop tools to 
increase outreach to stakeholders and alignment of housing, transportation and climate 
goals. 


Strategy Area 7: Support Local and Regional Partners to Implement VMT 
Reduction Measures 


Slower growth in VMT from more efficient land use development patterns is necessary to 
achieve deeper reductions in the transportation sector, and regional and local agencies are 
uniquely positioned to influence the future of the built environment and its associated GHG 
emissions. These agencies are tackling a multitude of issues that aim to increase housing and 
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mitigate the impacts of expanding freight sectors and other changes in land use and 
transportation systems. 


SB 743154 went into effect statewide on July 1, 2020 and fundamentally changes the way 
public agencies assess the impacts of land use and infrastructure projects. Specifically, public 
agencies will no longer identify localized traffic congestion as a significant impact on the 
environment under the CEQA, and will focus on the impact driving and auto dependence 
have on our environment. OPR and Caltrans both recognize VMT as a useful measure of this 
impact. To that end, land use development projects approved by local governments and 
capacity-increasing projects on the State Highway System where Caltrans is the lead agency 
(or when Caltrans designates another entity as the lead agency) will be evaluated based on 
the project’s propensity to increase VMT. This important structural and philosophical shift 
presents opportunities to streamline and lower the costs for infill development projects in 
low-VMT areas, and to identify and mitigate the environmental impacts from VMT where they 
occur. 


When a lead agency identifies a significant impact, it must identify feasible mitigation 
measures that could avoid or substantially reduce that impact.155 Under the new SB 743 
paradigm, transportation impacts extend well beyond the localized conditions around the 
project site. Opportunities to mitigate VMT outside of the project site (e.g., elsewhere in the 
region) may be an appropriate form of mitigation156, if all feasible on-site mitigation has been 
exhausted. However, there is currently no administrative mechanism to transfer funding and 
responsibility from a lead agency approving a project (e.g., local jurisdiction) to a responsible 
party that could implement off-site VMT mitigation measures (e.g., transit agency, mobility 
service provider). To overcome this barrier to implementing off-site VMT mitigation, 
individual jurisdictions are currently exploring the feasibility of VMT mitigation banking at 
different geographies, and stakeholders believe there may be a role for the State to make it 
easier for local governments to find local projects that mitigate VMT, deliver multiple 
community benefits, and prioritize equity considerations. Importantly, because CEQA 
requires impacts to be mitigated to the extent feasible, having options to simultaneously 
mitigate GHG emissions, criteria air pollutants, and VMT would benefit developers of 
projects and ensure impacts are, in fact, mitigated. 


In light of these challenges and opportunities, CARB could work with other state and regional 
agencies to support the development of a statewide VMT mitigation bank. (This action 
supports implementation of the CAPTI.) 


154 Steinberg, Chapter 386, Statutes of 2013 
155 Public Resources Code, § 21002.1, subd. (a) 
156 OPR. 2018 (December). Technical Advisory on Evaluating Transportation Impacts in CEQA 
http://opr.ca.gov/docs/20190122-743_Technical_Advisory.pdf 
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Strategy Area 8: Elevate the State of Science to Inform the Development 
and Implementation of Sustainable Community and Transportation Policies 


CARB has identified important data and research gaps that stand in the way of our ability to 
develop and implement more effective VMT reduction policies. For example, the 
development of the SB 375 Progress Report highlighted that there is not a standardized way 
to measure passenger VMT, and reliable passenger VMT data are not available at the 
regional level. In addition, rapidly evolving emerging mobility services generate significant 
amounts of data that could provide key insights into their diverse VMT impacts and potential 
strategies to manage them, but government agencies have very limited access to that data 
due to concerns around the disclosure of private and proprietary business information. 
Telework, telemedicine, remote learning, and other remote activities also offer interesting 
opportunities for trip reduction and curbing peak demands on the transportation system, 
while also presenting new challenges in terms of the equity impact of these policies and their 
potential impacts promoting different travel patterns.157 


Moreover, the COVID-19 pandemic has brought about additional challenges related to 
tracking VMT and assessing the impact of specific policies on VMT. Everyday practices that 
framed VMT patterns like going to work, school, shopping, the doctor, and visiting friends 
and family, among others, were all severely impacted by COVID-19. Numerous households 
and businesses have taken concrete steps (such as relocating homes or downsizing offices) to 
respond to these new conditions, and what they expect the world will look like after the 
COVID-19 pandemic. Attitudes towards commuting in public transit or densely populated 
workplaces seem to be shifting, and their long-term impact is a major concern. 


In response to these challenges, CARB has several research projects and partnerships 
underway to improve the planning and monitoring of policies to meet transportation, 
housing, health, and environmental goals. Those projects and partnerships are described in 
more detailed in the actions listed below. CARB is also seeking to establish a more 
collaborative relationship between State agencies, MPOs, and local governments to jointly 
solve shared issues and to better measure progress toward regional targets. Another body of 
work worth highlighting is CalEPA’s research around the State’s goal of achieving carbon 
neutrality by 2045 (in partnership with CARB and other State agency partners). This effort will 
help inform the upcoming 2022 Scoping Plan Update by identifying scenarios, related 
strategies, tradeoffs and benefits for areas where action can be taken now, as well as 
additional actions, targets, policies, research and technology development needed in the 
medium- and longer-term. 


In light of these challenges and opportunities, CARB could develop a Sustainable 
Transportation and Communities Research Roadmap to identify research that is needed to 


157 Zhu, P., Mason, S.G.. 2014. The impact of telecommuting on personal vehicle usage and environmental 
sustainability. Int. J. Environ. Sci. Technol. 11, 2185–2200 (2014). https://doi.org/10.1007/s13762-014-0556-5 
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support CARB and other agencies’ efforts related to transportation, housing, land use, and 
buildings. 


Next Steps 


The 2020 Strategy represents a waypoint, an early marker, in a larger interagency and 
stakeholder process that kicks into higher gear this spring to broaden the scope of State-led 
actions to reduce passenger VMT. Specifically, while the 2020 Strategy identifies a suite of 
concepts CARB could take under its existing authority within the next several years, the 2022 
Scoping Plan Update will define a more complete set of strategies, actions and commitments 
across State government to further reduce VMT and to also support successful 
implementation of the regions’ SCSs in order to meet air quality standards and the State’s 
climate goals. 


CARB will also launch an external engagement process as part of the 2022 Scoping Plan 
Update this spring to collaborate with regional and local government agencies, community 
organizations and community leaders, NGOs, academia, and other interested stakeholder 
partners, to assess proposed actions and identify new actions. Over time, the workshop 
process is expected to yield an overall strategy of priority short- and long-term actions that 
would be included in the 2022 Scoping Plan Update. As a result of these efforts, it is possible 
the actions identified in the 2020 Strategy will evolve. 


A draft of the 2022 Scoping Plan Update will be published in Early 2022. This draft will 
include, at minimum, the overall framework and list of proposed actions to reduce VMT and 
meet the State’s GHG reduction goals. The draft will also document the process to date, 
including stakeholder and community engagement and input. The final 2022 Scoping Plan 
Update will be published in late summer 2022, incorporating the feedback received on the 
draft, and fleshing out in more detail each activity, their expected impact, and their proposed 
implementation strategies. To stay up-to-date about opportunities for input on passenger 
VMT reduction strategies, please subscribe to CARB’s “SB 375 Implementation” email 
distribution list. 
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On-road Motorcycles 


CARB administers a program for reducing emissions from On-Road Motorcycles (ONMC). 
Current emissions limits for ONMCs are given in California Code of Regulations (CCR), title 
13, sections 1958 (exhaust) and 1976 (evaporative). Requirements for ONMC certification 
include provisions for demonstrating compliance with the applicable emission standards 
using specific test procedures, as well as emission labeling and warranty obligations. On-road 
motorcycles emission standards were last updated in 1998. 


There are currently 680,000 on-road motorcycles in the fleet growing slowly to approximately 
700,000 vehicles by 2050. CARB’s current mobile source emissions inventory demonstrates 
that as emissions from cars and trucks are reducing at a rapid rate – due to stringent 
regulation adopted by CARB – the relative emissions contribution from motorcycles will be 
increasing in future years. Therefore, similar to other mobile source categories, it is important 
that CARB seek the most cost effective emissions reductions from this sector as well. 


CARB staff are currently in the preliminary stages of developing new regulations for ONMC. 
An ONMC workshop was held in April 2018 to discuss potential harmonization with the 
recently adopted European Union (EU) standards for motorcycles. Technical Working Groups 
with CARB staff and a broad representation of industry stakeholders began meeting in June 
2018 to work through challenges related to harmonization, with the goal of developing new 
emissions for exhaust and evaporative standards for ONMC starting with the 2024 model 
year. Updates to the on-road motorcycle certification test procedures is scheduled to be 
presented to the Board in 2021. 


From a technological perspective, it is quite feasible to meet the Euro 5 standards. Several 
models currently being sold in California are actually certified to the Euro 5 standards. In fact, 
staff analysis of U.S. EPA's motorcycle certification database found that 38.6 percent (117 of 
306) of the engine families certified in 2020 have emissions levels that meet, or nearly meet,
the Euro 5 standards. In addition, CARB’s evaporative testing has shown that there is a need
to require more robust evaporative controls on motorcycles similar to what has been in place
on passenger cars for decades.


Zero-Emission Motorcycles (ZEMs) will play a role in reducing overall emissions by displacing 
emissions from internal combustion engines. Historically, some of the challenges facing ZEM 
adoption have included vehicle cost, limited range, availability of charging stations, and long 
charging time. With advancements in battery technology and an increase in the number of 
electric vehicle (EV) charging stations, ZEMs are becoming a more attractive option for 
motorcyclists. 


For the 2020 Strategy, staff have considered a scenario where starting with model year 2024, 
all new motorcycle sales will meet the Euro 5 standards. Also staff assumed a ZEM sales 
requirement that will start at 5 percent in 2025 and increases up to 100 percent by 2035 (i.e., 
model year 2035 and newer motorcycles will be all ZEM). Figure 19 illustrates the number of 
Euro 5 certified as well as ZEM under this scenario. 
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Figure 19 – Statewide Projected Motorcycle Populations – MSS Scenario 
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Staff assessment has shown that this scenario reduces the motorcycle statewide ROG + NOx 
emissions by approximately 3.1 tpd in 2031, and 7.7 tpd in 2037. Additional ROG reductions 
will be achieved through more stringent evaporative controls, although these have not been 
accounted for in staff’s assessment. In addition, electrification of motorcycles is projected to 
reduce fuel consumption by 28 million gallons per year by 2045. These results are shown in 
Figure 20 and Figure 21. 


Figure 20 - Statewide Smog-Forming Projections for On-Road Motorcycles – MSS 
Scenario 
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Figure 21 - Statewide Fuel Consumption for On-Road Motorcycles – MSS Scenario 
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On-Road Medium- and Heavy-Duty Vehicles 


In California, medium and heavy-duty vehicles are defined as vehicles with gross vehicle 
weight rating (GVWR) greater than 8,500 lbs. Emissions from on-road medium and 
heavy-duty vehicles are major contributors to poor air quality in California. In particular, these 
vehicles produce emissions in amounts highly disproportionate to the total population of 
these vehicles, accounting for only 6 percent of the on-road vehicle population, but 
72 percent of NOx emissions. The problem is complicated by the large number of heavy-duty 
vehicles, like long-haul trucks, registered in other states that travel on California's highways 
and roads, while bringing goods and commerce into and out of our state. For more than a 
decade, CARB has been working closely with the U.S. EPA, engine and vehicle 
manufacturers, and other interested parties to address this issue and reduce heavy-duty 
vehicle emissions in California. 


The on-road medium-duty vehicle (MDV) sector includes gasoline and diesel-fueled vehicles 
with GVWR greater than 8,500 lbs. and less than or equal to 14,001 lbs. This sector 
contributes approximately 7 percent of statewide mobile source NOx emissions and 
5 percent of statewide mobile source GHG emissions. Examples include heavy-duty pick-up 
trucks and walk-in vans. MDVs currently have a suite of requirements for controlling GHG and 
criteria pollutant emissions. These include criteria pollutant control through the LEV III 
standards that are part of the ACC program and GHG emission control through Phase 1 
GHG standards for medium- and heavy-duty engines and vehicles starting in 2014. In 
June 2020, CARB’s Board adopted California’s pioneering Advanced Clean Trucks (ACT) 
regulation,158 which pushes zero-emission technology penetration with sales requirements for 
medium- and heavy-duty truck manufacturers. 


The on-road heavy-duty sector consists of vehicles that have GVWR greater than 14,000 lbs. 
and are responsible for 33 percent of statewide mobile source NOx and 16 percent of 
statewide mobile source GHG emissions. This sector is unique from light- or medium-duty 
on-road sectors because close to half of VMT from the on-road heavy-duty sector is 
contributed by vehicles sold outside of California, or so called federal-certified vehicles. 
These federal-certified vehicles fall into two categories: 1) vehicles that were first sold 
out-of-state and then registered as used vehicles in California, and 2) vehicles that are sold 
out-of-state and continue to be registered outside of California. In the absence of federal 
regulation or a fleet rule, a California standard or mandated sales requirement will only 
impact vehicles that are sold in California but not those that are originally sold outside of 
California and are then brought into the state as used vehicles. 


CARB has made significant strides in reducing both criteria and greenhouse gas pollutants 
from heavy-duty vehicles through technology-forcing regulations. CARB’s Truck and Bus 


158 CARB (2019). Proposed Advanced Clean Trucks Regulation 
https://ww2.arb.ca.gov/rulemaking/2019/advancedcleantrucks 
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Regulation requires all fleets, registered in- and out-of-state, that operate in California to 
meet stricter NOx standards and have a diesel particulate filter (DPF) by 2023 (i.e. 
2010-certified technology).159 Also, the aforementioned Phase 1 greenhouse gas regulations 
for heavy-duty trucks and engines, as well as CARB’s Tractor-Trailer Greenhouse Gas 
(TTGHG) Regulation, have resulted in fuel efficiency improvements for the heavy-duty 
sector.160 


CARB’s newly adopted regulations on zero-emission trucks and buses will contribute to 
achieving both the State’s criteria pollutant and GHG reduction goals. The ICT regulation 
was adopted in December 2018 and requires all public transit agencies to gradually transition 
to a 100 percent zero-emission bus (ZEB) (either battery-electric or fuel cell) fleet.161 In 
addition, as mentioned previously, CARB adopted the ACT regulation in 2020, which 
requires the sale of heavy-duty ZEVs. To reduce NOx emissions from new on-road heavy-duty 
engines and ensure these emissions reductions are maintained as engines and vehicles are 
operated, CARB also adopted the Heavy-Duty Omnibus Regulation in 2020. This regulation 
includes certification of all combustion vehicles to a stricter standard on the Federal Test 
Procedure (FTP) cycle and a certification standard on a new low load cycle for 2024 and 
subsequent model year. Taken together, these requirements ensure lower NOx emissions 
over a more comprehensive range of vehicle operation. Additionally, this regulation includes 
in-use performance requirements such as more stringent in-use performance standards, 
lengthened engine useful life, warranty and durability requirements. Besides, in past few 
years, CARB adopted multiple regulations, which aimed at improving in-use performance 
including the Heavy-Duty Vehicle Inspection Program and the Periodic Smoke Inspection 
Program (PSIP) amendments starting in 2019,162 and Heavy-Duty Warranty Phase 1 starting in 
2022.163 


As noted in the 2017 Climate Change Scoping Plan,164 as well as 2016 Mobile Source 
Strategy, meeting our climate and air quality goals requires sustainable passenger and freight 
transportation powered by zero-emission technologies everywhere feasible, and cleaner 
combustion with renewable fuels everywhere else. In addition, the Governor’s Executive 
Order N-79-20 established zero-emission targets for short-haul and drayage truck fleets by 
2035 and also for zero-emission bus and long-haul truck fleets where feasible by 2045. To 


159 CARB (2019). Truck and Bus Regulation Compliance Requirement Overview. 
https://ww3.arb.ca.gov/msprog/onrdiesel/documents/fsregsum.pdf 
160 CARB (2018). Proposed California Greenhouse Gas Emissions Standards for Medium- And Heavy-Duty 
Engines and Vehicles (Phase 2) And Proposed Amendments To The Tractor-Trailer GHG Regulation. 
https://ww2.arb.ca.gov/rulemaking/2018/phase-2-and-tractor-trailer-amendments-regulation 
161 CARB (2018). Proposed Innovative Clean Transit Regulation, a Replacement of the Fleet Rule for Transit 
Agencies. https://ww2.arb.ca.gov/our-work/programs/innovative-clean-transit 
162 https://ww2.arb.ca.gov/our-work/programs/heavy-duty-diesel-inspection-periodic-smoke-inspection-
program/hdvip-psip 
163 https://ww2.arb.ca.gov/rulemaking/2018/hd-warranty-2018 
164 https://ww2.arb.ca.gov/sites/default/files/classic//cc/scopingplan/scoping_plan_2017.pdf 
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start on that path, CARB has conducted comprehensive technology and infrastructure 
assessments for the on-road heavy-duty sector as part of the annual Funding Plan for Clean 
Transportation Incentives for Low Carbon Transportation Investments and the Air Quality 
Improvement Program (see Long-Term Heavy-Duty Investment Strategy),165 as well as the 
ACT regulation.166 According to these documents, significant progress has been made in the 
readiness of zero-emission technology for on-road heavy-duty vehicles. Note that technology 
readiness generally assesses a technology’s technical ability to reliably perform in a majority 
of its typical duty cycles. It can be described as a continuum, progressing from early research 
and development, through low-volume demonstration and pilot phases, to full technical 
readiness where it might be considered commercialized. Technically-ready technologies may 
still face other barriers to market transformation. There have been thousands of successful 
deployments of battery-electric and fuel cell heavy-duty vehicles that operate locally 
(i.e. return-to-base operation), including zero-emission transit buses and large-scale 
purchases of electric delivery vans and trucks. Additionally, drayage and regional-haul 
applications and refuse trucks are in the demonstration phase with some now commercially 
available, as shown on HVIP eligibility list.167 


Heavy-duty ZEVs market and their applications are expanding. According to CALSTART’s 
Zero-Emission Technology Inventory (ZETI) tool,168,169 currently there are close to 
100 different models of zero-emission vans, trucks and buses that are already commercially 
available from approximately 26 manufacturers globally. The ZETI tool also estimates that by 
2023, the number of vehicle models available will grow to more than 200 models from 
approximately 49 manufacturers based on industry input and market analysis. Note that 
commercial availability is defined as availability for immediate production based on placed 
orders. Of the models announced to be available in 2023, 67 of them are planned to be on 
medium-duty vehicle platforms, and 19 of them will be deployed on heavy-duty platforms. 
These heavy-duty vehicles will potentially have all-electric ranges from 75 miles (e.g., Volvo 
VNR Electric) all the way up to 500 to 650 miles (e.g., Nikola Two FC and Tesla Semi) which 
makes them suitable for long-haul operation. There are also a number of models that are 
suitable for drayage trucks such as BYD 8TT model, Peterbilt 520EV/579EV, Mercedes Benz 


165 CARB (2019). Fiscal Year 2019-20 Funding Plan on Clean Transportation Incentives - Appendix D: Heavy-Duty 
Investment Strategy. https://ww2.arb.ca.gov/sites/default/files/2019-09/fy1920fundingplan-appd.pdf 
166 CARB (2019). Staff Report: Initial Statement of Reasons. Public Hearing to Consider the Proposed Advanced 
Clean Trucks Regulation. Appendix E: Zero-Emission Truck Market Assessment. 
https://ww3.arb.ca.gov/regact/2019/act2019/appe.pdf 
167 CARB (2020). HVIP Eligible Vehicle Catalog (web link: https://www.californiahvip.org/how-to-
participate/#Eligible-Vehicle-Catalog). 
168 CALSTART is a nonprofit organization working nationally and internationally with businesses and 
governments to develop clean, efficient transportation solutions. 


169 CALSTART (2020): Drive to Zero’s Zero-emission Technology Inventory (ZETI) Tool Version 5.5. 
https://globaldrivetozero.org/tools/zero-emission-technology-inventory/ 
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eActros, and Freightliner eCascadia Battery Electric Truck. These are just some examples of 
the zero-emission technologies that are already or planned to be commercially available in 
the next 2 to 3 years. 


Also in collaboration with the CALSTART, CARB developed a “beachhead” strategy that 
targets investments on beachhead or first success analysis, identifying the segments of the 
commercial vehicle market where zero-emission and near clean combustion technology is 
most likely to succeed first and transfer that success to other applications for different 
technology pathways. This analysis considered several key identifying factors such as 
technology readiness, duty cycle and use, industrial activity and capacity, and user 
economics. For every technology pathway (e.g. zero-emissions), this process starts with one 
beachhead application and then the success of that first application transfers or spreads to 
additional applications through, for example, adoption of similar drive trains or expansion of 
fueling infrastructure. For the zero-emission pathway, the first on-road beachhead application 
was battery-electric transit buses, which served as a “launch point” for shuttle vans, package 
and delivery vans and trucks, terminal tractors, class 8 drayage trucks, and regional 
distribution (freight) trucks. In a similar effort, the Institute of Transportation Studies at the 
University of California, Davis published a report titled “Zero-Emission Medium- and 
Heavy-Duty Truck Technology, Markets, and Policy Assessments for California”170 that 
assesses zero-emission medium- and heavy-duty vehicle technologies, their associated costs, 
as well as their projected market share. Several heavy-duty ZEV applications, such as 
battery-electric transit buses, yard trucks, and city delivery trucks, are already economically 
favorable despite higher purchase prices. Thanks largely to lower operational costs, the total 
cost of ownership for these vehicles is often less than their conventionally-fueled 
counterparts. Similar ZEVs using fuel cells are also attractive assuming a hydrogen cost of five 
dollars per kilogram. 


Additionally, CARB efforts towards heavy-duty decarbonization are consistent with the 
ongoing efforts across the globe in other jurisdictions. For example, Amsterdam, Netherland, 
Bergen, Oslo, Norway, British Columbia, and Canada all have set clear timelines to eliminate 
fossil fuel heavy-duty traffic in their region;171 the C40 Cities Climate Leadership Group have 
committed to ensure major areas in the cities are zero-emission by 2030;172 and multiple local 
authorities in different counties have released plans to electrify public transportation 
including buses and coaches in the next decades.173 In addition to local efforts, a number of 


170 https://escholarship.org/uc/item/7n68r0q8 
171 ICCT Briefing (2020), Update on the global transition to electric vehicles through 2019 
ICCT Briefing (2020), The end of the road? An overview of combustion engine car phase-out announcements 
across Europe 
172 C40 Cities, Green and Healthy Streets: The C40 Fossil Fuel Free Streets Declaration (web link: 
https://www.c40knowledgehub.org/s/article/Green-and-Healthy-Streets-The-C40-Fossil-Fuel-Free-Streets-
Declaration?language=en_US) 
173 ICCT Briefing (2020), Update on the global transition to electric vehicles through 2019 
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countries have proposed national plans to move towards the zero-emission heavy-duty goal. 
For instance, Norway has limited that 75 percent of new long-distance coaches and 
50 percent of new trucks sold in the country shall be zero-emission vehicles by 2030174 and 
Israel plans to ban the sales of diesel and gasoline buses and trucks starting from 2030.175 


Despite substantial progress made in technology development, there still remain significant 
barriers to zero-emission transition for the on-road heavy-duty sector, which are outlined in 
more detail in CARB’s Funding Plan for Clean Transportation Incentives for Low Carbon 
Transportation Investments and the Air Quality Improvement Program.176 For example, the 
biggest challenge identified for heavy-duty battery-electric technology is infrastructure 
availability and cost, which is key for scaling up from a small number of vehicles to larger 
deployments. CARB staff recognizes that the approaches and design of a heavy-duty vehicle 
infrastructure system will differ from the infrastructure network for LD vehicles, and may 
require sector or fleet-specific approaches. 


Transition to zero-emission technologies calls for actions and collaboration by multiple 
agencies. CARB is working collaboratively with other California State agencies to ensure 
these efforts are well aligned, bring the state into compliance with federal air quality 
standards, and reduce GHG emissions from mobile sources. Currently, the CEC is developing 
the Infrastructure Development Strategy with charging infrastructure assessments in 
response to Assembly Bill 2127.177 This bill requires a statewide assessment of the electric 
vehicle charging infrastructure needed to support the levels of electric vehicle adoption 
required for the state to meet its goals of putting at least 5 million zero-emission vehicles on 
California roads by 2030 and of reducing emissions of greenhouse gases to 40 percent below 
1990 levels by 2030. 


As part of their analysis for AB 2127, CEC is collaborating with Lawrence Berkeley National 
Laboratory (LBNL) to determine the number, locations, and types of charger deployments for 
MDV and heavy-duty electric vehicle infrastructure (“HEVI-Pro”) in California in 2030. 
HEVI-Pro aims to develop regional charging infrastructure needs for public, shared-private, 
and private charging, where charging is selected from suitable power levels from overnight 
charging (<50 kW) to public fast charging (multi-MW), for the range of medium and 
heavy-duty vehicle applications envisioned in California’s transition to ZEVs. The preliminary 
findings show that 134,000 battery electric MDV and heavy-duty vehicles deployed statewide 
in 2030 would require approximately 67,000 of 50 kW chargers and 11,000 of 350 kW 


174 Ibid. 
175P.K. Senecal et al. (2019), Diversity in transportation: Why a mix of propulsion technologies is the way forward 
for the future fleet, Results in Engineering 4 100060 (DOI: 10.1016/j.rineng.2019.100060) 
176 https://ww2.arb.ca.gov/sites/default/files/2019-09/fy1920fundingplan.pdf 
177 Ting, Chapter 365, Statutes of 2018 (web link: 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180AB2127) 
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chargers to complete their trips.178 CEC plans on releasing the first projections in conjunction 
with the 2020 Integrated Energy Policy Report, likely in late 2020. 


The Transportation Electrification Framework, released by the CPUC in February 2020, 
directs future investor-owned utility (IOU) investments and programs and ensures these 
investments are in accord with key State goals and policies. Since 2016, the CPUC authorized 
IOUs to direct over a billion dollars of funds to transportation electrification infrastructure. 
Additionally, California Governor’s Office of Business and Economic Development (GO-Biz) 
has been developing Zero-Emission Medium- and Heavy-Duty Vehicle Deployment and 
Market Acceleration Strategy (Big ZEV Strategy) as part of their ZEV Market Development 
Strategy. This report will identify State actions and areas where more can be done to 
overcome barriers to achieve market success and scale. 


In addition to infrastructure, the high upfront capital cost relative to conventional ICE vehicles 
is another challenge. Today and for the near future, battery-electric and fuel cell electric 
trucks and buses are expected have higher upfront costs when compared to their diesel or 
gasoline counterparts. This is due to a combination of low volume production and more 
expensive components, including batteries and fuel cell systems. The incremental upfront 
cost difference between ZEV and ICE vehicles is expected to decline over time. As with any 
new technology, there could also be additional upfront costs associated with ZEV 
deployment, such as professional services for site assessment and infrastructure buildout and 
planning, additional procurement processes, as well as operator and technician training. As 
described in detail within the ACT staff report,179 while BEVs cost more than conventional 
combustion vehicles initially due to their large upfront investments, they often pay back over 
time due to their lower operating costs resulting in a favorable total cost of ownership. 
Financing the vehicles and infrastructure can spread out the payments to be offset with 
ongoing reductions in operating costs. Additionally, incentive programs for vehicles or 
infrastructure may allow fleets to lower or eliminate these higher upfront costs. Educating 
fleets about the lifecycle costs and payback opportunities will be an important part of 
accelerating the ZEV market. 


Mobile Source Strategy Scenarios 


Medium-Duty Vehicles 


Starting with MDVs (8,501 – 14,000 lbs. GVWR), CARB is developing strategies for reducing 
criteria pollutants and GHG emissions from this sector, some of which may overlap with 


178 Preliminary findings from the first scenario of the Medium and Heavy-Duty Electric Vehicle Infrastructure 
Projections (HEVI-Pro) Tool illustrates the wide variation in the on-road vehicle duties and the potential for 
gigawatt-scale daytime and evening charging requirements. Credit: Lawrence Berkeley National Laboratory: 
https://efiling.energy.ca.gov/getdocument.aspx?tn=234209 
179 CARB (2019). Staff Report: Initial Statement of Reasons. Public Hearing to Consider the Proposed Advanced 
Clean Trucks Regulation. https://ww3.arb.ca.gov/regact/2019/act2019/isor.pdf 
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light-duty vehicle strategies, and some of which have overlap with heavy-duty vehicle 
strategies. Looking towards the future with the 2020 MSS scenarios, an important concept 
for MDV includes zero-emission transformation starting in 2024. One critical piece of this 
transition is CARB’s ACT regulation mentioned earlier. Besides, CARB is developing an 
Advanced Clean Fleet rule to accelerate the number of medium and heavy-duty ZEV 
purchases to achieve a full transition to zero-emission vehicles in California as soon as 
possible. Other concepts include enhanced LEV IV regulations through ACC II and continued 
energy efficiency improvements and GHG emission reduction through Phase 3 GHG 
standards, which is a continuation of the Phase 2 GHG standards.180 


Driven by California’s mid-century climate goals as well as the Governor’s executive order 
N-79-20, staff proposed a scenario to fully transform the medium-duty vehicle sector to
zero-emission technologies. Built upon the recently adopted ACT regulation, this scenario
further extends the ZEV phase-in schedule and assumes 100 percent of model year 2035 and
newer MDVs being sold in California to be zero-emission. As mentioned above, achieving this
level of ZEVs will require multiple concepts and tools in addition to CARB’s currently adopted
rules.


Figure 22 shows the technology for medium-duty vehicle population under this 2020 MSS 
scenario, which results in approximately 580,000 zero-emission MDVs driving on California 
roadways by 2045. As shown in Figure 25, the scenario will also translate to statewide NOx 
reductions of 0.25 tpd and 1.11 tpd in 2031 and 2037, respectively. This scale of fleet 
transformation will result in a fuel saving of about 0.15 billion gallons of diesel per year and 
0.26 billion gallons of gasoline per year in 2045 (Figure 23), which translates to a WTW GHG 
reductions of approximately 3.5 million metric tons (MMT) per year (Figure 24). Also by 2050, 
the WTW GHG emissions from MDVs will be 86 percent below the 2020 baseline. The WTW 
analysis presented in this document is only for informational purposes and the assumptions 
(e.g., renewable and bio-fuel mix) are further described in Appendix A. 


180 CARB (2018). Proposed California Greenhouse Gas Emissions Standards for Medium- And Heavy-Duty 
Engines and Vehicles (Phase 2) And Proposed Amendments To The Tractor-Trailer GHG Regulation. 
https://ww2.arb.ca.gov/rulemaking/2018/phase-2-and-tractor-trailer-amendments-regulation 
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Figure 22 – Statewide Medium-Duty Sector Vehicle Population 
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Figure 23 - Statewide Fuel Consumption by Medium-Duty Vehicles 
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Figure 24 - Statewide Well-to-Wheel GHG Emissions from Medium-Duty Vehicles 
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Figure 25 - Statewide NOx Emissions from Medium-Duty Vehicles 
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Heavy-Duty Vehicles 


Moving on to heavy-duty vehicles (above 14,000 lbs. GVWR), the 2020 MSS charts the course 
for the heavy-duty sector in the future through a range of concepts, the most important of 
which is the transition to ZEVs. An ambitious ZEV phase-in for newer vehicles and accelerated 
turnover of older and high emitting vehicles to ZEV ensures that this sector meets both near-
and mid-term air quality goals, while simultaneously achieving long-term climate goals. 
Currently, there are heavy-duty ZEVs on the market that meet both local and regional 
trucking needs. Many of CARB’s incentive programs, such as the Low Carbon Transportation 
Investments and the Air Quality Improvement Program, have supported introduction of 
heavy-duty ZEV technology. The recently adopted ACT regulation requires manufactures to 
produce and sell ZEVs starting from 2024 and the potential advanced clean fleet rule will 
ensure the purchase and deployment of ZEVs across the fleet. 


In addition to ZEVs, cleaner and more efficient ICE technology will also be essential for 
meeting air quality targets, especially in applications where ZEVs may not yet be capable of 
serving all duty cycles. As mentioned previously, one example of CARB’s effort towards 
cleaner ICE technology is the Heavy-Duty Omnibus Regulation. 


Another critical piece of CARB’s heavy-duty concepts includes the Heavy-Duty Inspection 
and Maintenance (Heavy-Duty I/M) program, which will ensure that the engines and 
after-treatment systems of heavy-duty vehicles are well-maintained throughout their lifetime. 
The Heavy-Duty I/M program will require all heavy-duty vehicles operating in California have 
properly functioning emissions controls systems. This program will be implemented 
beginning in 2023. On August 12, 2020, CARB staff conducted public workshops to discuss 
draft concepts for California’s future Heavy-Duty I/M program.181 


OBD systems are going play a critical role in implementation of the Heavy-Duty I/M program. 
Beginning with the 2022 model year, OBD requirements include Real Emissions Assessment 
Logging (REAL) requirements for the collection and on-board storage of NOx and CO2 
emission data, but there are currently no requirements to report REAL data to CARB. The 
opportunity exists to make better use of the REAL data, potentially via regular reporting 
requirements. OBD requirements also need to evolve to account for the much lower emission 
standards included in the Heavy-Duty Omnibus Regulation. 


Considering the above mentioned regulatory activities, staff developed a scenario that strives 
for zero-emission transformation consistent with governor’s Executive Order N-79-20, while 
emphasizing cleaner combustion technologies for ICE vehicles, utilization of renewable fuels, 
continued fuel efficiency improvements, as well as enhanced in-use performance. Taking into 
account those heavy-duty truck market segments that are suitable for transitioning to ZEVs in 


181 https://ww2.arb.ca.gov/our-work/programs/heavy-duty-inspection-and-maintenance-program 
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the near-term and implementation of the ACT regulation to accelerate ZEV sales, the major 
assumptions for the phase-in of heavy-duty vehicles includes: 


• Delivery and drayage fleets are assumed to have 100 percent ZEV sales starting with
model year 2024;


• Vehicle categories with low annual mileage or return-to-base operation, which have
similar duty cycle to transit buses, assumed ZEV phase-in that matches the ICT182 


regulation phase-in schedule;
• Other vocational and tractor vehicle categories are assumed to follow the ZEV sales


schedule as required by the ACT rule for Class 4-8 and Class 7-8 tractors until model
year 2030, after which ZEV sales assumptions ramp up to 100 percent sales in 2035;


• All California registered fleets, whether California certified or not, assumed to follow
the same ZEV phase-in schedule. As noted above, there are heavy-duty vehicles that
were originally sold out-of-state and then registered in California as used vehicles. This
assumption ensures that California fleets (not just those first sold in California) reflect
the ambitious ZEV phase-in schedule; and


• For model years 2035 and newer, 100 percent ZEV sales assumed for all vehicle
categories.


The remainder of model year 2024 and newer heavy-duty vehicles are cleaned up by more 
stringent engine standards, either through California’s Heavy-Duty Omnibus Regulation for 
vehicles only first sold (or certified) in California, or through the future federal Cleaner Trucks 
Initiative183 for all heavy-duty vehicles operating in California. 


While ZEV phase-in and cleaner technologies for ICE vehicles will reduce NOx emissions 
significantly, meeting CARB’s air quality targets in 2031 and 2037 requires additional 
reductions through accelerated scrappage of older and high-emitting vehicles and 
replacement with zero-emission technologies before the end of vehicles useful lifetime. With 
Omnibus and ZEV requirements applying to post-2024 model year vehicles, older pre-2024 
model year vehicles will contribute disproportionately to overall NOx emissions. According to 
the 2016 State SIP Strategy,184 there is a need for an additional 11 tpd of NOx reductions in 
the South Coast Air Basin by 2031 to meet the 2015 ozone standards of 75 ppb. To achieve 
the needed 11 tpd NOx reductions, staff determined that approximately, 31,000 heavy-duty 
model year 2023 and older vehicles would need to be turned over before their end of 
lifetime. At the statewide level, this translates to approximately 94,000 heavy-duty vehicles 
that would need to be scrapped and replaced with zero-emission technologies. Note that 
this scenario does not specify the exact mechanism of accelerated turnover, but rather 


182 CARB (2018). Proposed Innovative Clean Transit Regulation, a Replacement of the Fleet Rule for Transit 
Agencies. (https://ww2.arb.ca.gov/our-work/programs/innovative-clean-transit) 
183 https://www.epa.gov/regulations-emissions-vehicles-and-engines/cleaner-trucks-initiative 
184 https://ww2.arb.ca.gov/resources/documents/2016-state-strategy-state-implementation-plan-federal-ozone-
and-pm25-standards 
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defines the number of vehicles that are needed to meet air quality goals. It is also worth 
noting that turnover through a future regulation is currently limited by “useful life” provisions 
of the Road Repair and Accountability Act of 2017 (SB1). According to SB 1, should a future 
in-use regulations be adopted, trucks will not be required to turnover until they have reached 
13 years from the model year the engine and emission control systems are certified or until 
they reach 800,000 vehicle miles traveled (but no longer than 18 years from the model year 
the engine and emission control systems are certified for use), whichever is later.185 


Figure 26 shows the technology mix resulting from the heavy-duty scenario developed as 
part of the 2020 MSS. The scenario results in approximately 830,000 heavy-duty ZEVs in 
2045. This equates to about 1.9 billion gallons per year in diesel fuel savings (Figure 27), 
0.2 billion gallons per year in gasoline fuel savings, and WTW GHG emissions reductions of 
20 MMT per year (Figure 28). Also by 2050, the WTW GHG emissions from heavy-duty 
vehicles will be 66 percent below the 2020 baseline. As shown in Figure 29, the scenario also 
provides statewide NOx reductions of 141 tpd and 195 tpd in 2031 and 2037, respectively, 
which are equivalent to 67 and 86 percent reduction below the current baseline. 


Collectively, the 2020 MSS scenarios call for deployment of approximately 1.4 million 
medium- and heavy-duty ZEVs in California by 2045. This transition to ZEVs will results in a 
fuel savings of 2.1 billion gallons of diesel and 0.46 billion gallons of gasoline. By 2050, the 
WTW GHG emissions from MDV and heavy-duty vehicles will be approximately 71 percent 
below the 2020 baseline (assumptions in Appendix A). 


185 https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB1 
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Figure 26 – Statewide Heavy-Duty Population by Technology Type 
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Figure 27 - Statewide Fuel Consumption by Heavy-Duty Vehicles 
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Figure 28 - Statewide Well-To-Wheel GHG Emissions from Heavy-Duty Vehicles186 


 


 


 
186 These calculations include the use of a dairy biogas methane emissions factor that differs from the 
convention in our inventory as it includes avoided methane emissions; this was done to reflect some of the 
potential systems effects from choices in the MSS.  The estimated benefits for the use of dairy biogas do not 
reflect the accounting convention in the GHG inventory (https://ww2.arb.ca.gov/ghg-inventory-data) and 
therefore over-estimate the contribution of GHG benefits from the use of RNG in the transportation sector 
when compared to the accounting framework used in the GHG inventory, which is our primary data set to track 
progress towards achieving our statewide targets. Avoided methane emissions would occur from this fuel even 
if used in other sources, so there is no necessary link between those emissions reductions and the transportation 
system; what is shown here is one of many possible policy scenarios. The use of avoided methane emissions 
from dairy biogas in this scenario accounts for approximately 0.25% of the cumulative WTW GHG benefits from 
2020 to 2045. 
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Figure 29 - Statewide NOx Emissions from Heavy-Duty Vehicles 
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Off-Road Vehicles and Equipment 


Off-road equipment covers a wide range of sectors including locomotives, ocean-going 
vessels, commercial harbor craft, pleasure craft, portable generators, agricultural equipment, 
construction, mining, oil drilling, lawn and garden, aircrafts, recreational watercraft and many 
other industries. Off-road engines are significant sources of air pollutants such as NOx, 
reactive organic gases (ROG), and PM. Figure 30 shows statewide NOx emissions by sector 
in 2017.186 Off-road equipment contributes about 35 percent of total statewide NOx 
emissions in 2017. As the regulations for off-road equipment tend to follow those for on-road 
vehicles by a few years, the relative contribution of emissions from off-road equipment is 
expected to continue to grow, absent additional controls. By 2022, off-road equipment will 
replace on-road vehicles as the largest source of NOx emissions at the statewide level. In 
addition, off-road equipment consumed 1.5 billion gallons of diesel and more than 
400 million gallons of gasoline in 2017 and contributes to about 4 percent of the GHG 
emissions statewide. Without further progress in improving internal engine efficiency or 
transitioning to electrification, off-road diesel and gasoline consumption is expected to 
increase to 2.1 billion and 580 million gallons per year, respectively,187 by 2045. 


186 CEPAM: California 2019 ozone sip baseline emission projection - version 1.01 planning inventory tool 
187 OFFROAD2017 – ORION, https://www.arb.ca.gov/orion/ 
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Figure 30 - 2017 Statewide NOx Emissions by Sector188 
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The mobile source scenarios and concepts to reduce air pollutants and GHG emissions in the 
off-road sector are developed based on the following guiding principles: 


• Push for zero-emission technologies wherever feasible: Commercial deployment of
zero-emission technologies is still at an early stage for some off-road sectors due to
barriers in technology and cost. CARB is working closely to identify those off-road
sectors with the most potential for near-term transitions to zero-emissions.


• Introduction of cleaner combustion technology: Where electrification is not currently
feasible, introduce more stringent emission standards such as Tier 5 to reduce
emissions from new internal combustion engines, and OBD standards to ensure
emissions from those engines continue to meet expected levels throughout their
entire service lives.


• Accelerated turnover: Early turnover of older equipment to cleanest available
technologies including Tier 4 or 5 engines, hybridization, and retrofit engines with
after-treatment technologies such as DPF and selective catalytic reduction (SCR).


188 OGV 3 nm includes OGV emissions occurring within 3 nautical miles of the California coastline. 
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• Renewable fuel: Use renewable fuels where electrification is not available to reduce
GHG emissions.


Given the diversity of equipment and duty cycles that comprises the off-road sector, each 
sector includes a more detailed description of the specific strategies. Table 14 provides a 
short summary of the conceptual strategies for each off-road sector. 


Table 14 - Summary of Conceptual Off-Road Strategies 


Sector Summary of Strategy 


 Locomotives


• Significantly accelerate the turnover of all locomotives
operating in California to Tier 4 or cleaner


• Adopt Tier 5 locomotive standards with U.S. EPA
• Accelerate the adoption of zero-emissions locomotives and


infrastructure
• Replace the oldest switchers at railyards near communities with


Tier 4 or cleaner by 2030


 Ocean-Going Vessels


• Increase at-berth requirements for auxiliary engines and
boilers, while moving towards vessels visits with Tier 3 engines


• Adopt Tier 4 marine standards with U.S. EPA and IMO
• Work towards zero-emission OGV demonstrations


 Construction, Mining,
Industrial


• Accelerate turnover and require remaining Tier 0 through
Tier 2 engines be turned over by 2033


• Develop Tier 5 standards, including efficiency and hybridization
requirements to reduce GHG emissions, as well as first ever
requirements for OBD for off-road engines


 Agriculture


• Target cost effective reductive reductions in Tier 0 through Tier
2 equipment (tractors and non-tractors) by 2024, and maintain
incentive programs to accomplish additional reductions by
2031


• Develop Tier 5 standards, including efficiency and hybridization
requirements to reduce GHG emissions


 Commercial Harbor Craft


• Increase applicability of Tier 4 marine standards for commercial
harbor craft to apply to all vessel types, require DPFs and
develop Tier 5 marine standards


• Require new and in-use excursion vessels to be plug-in hybrid,
new tugboats diesel-electric, and 20 percent of all ferries to be
zero-emission by 2030
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Sector Summary of Strategy 
 Cargo Handling Equipment
 Airport Ground Support
 Small Off-Road Engines
 Transport Refrigeration Units
 Forklifts
 Spark Ignited Marine Engines


• Accelerate adoption of full zero-emission operation, with
100 percent zero-emission saturation by mid 2030s


• Where exceptions apply to a zero-emission mandate, cleaner
emissions standards and hybrid electric units would apply


 Aircraft
• Improvement in the current Air Traffic Operation (ATO) as well


as transitioning to zero-emission technologies such as
zero-emission APUs


Off-Road Federal and International Sources 


Locomotives 


A locomotive is a self-propelled vehicle used to push or pull trains; the combination of one or 
more locomotives and the attached freight or passenger railcars forms a train. Higher 
horsepower line-haul locomotives and lower horsepower switcher locomotives operate in 
California. A typical freight and passenger locomotive in the United States is powered by a 
diesel engine that drives an electrical generator or alternator. Locomotives and the railway 
system are an essential part of California’s freight and passenger movement network, but 
also significant contributors to diesel PM, NOx and GHG emissions in California. These 
emissions often occur in or near densely populated areas and neighborhoods, exposing 
nearby residents to harmful levels of diesel PM and ground-level ozone. 


In the past, CARB has developed and implemented a number of measures to understand and 
reduce locomotive and railyard emissions, including studies, enforceable agreements, and 
funding of clean technology. More recently, CARB has been working closely with the railroad 
industries to develop more representative and up-to-date emission inventories and to 
identify emission control strategies. CARB’s locomotive emission inventory covers four main 
sectors: Class I line-haul locomotives, Class III (short-line) locomotives, Class I switch 
locomotives (switchers), and passenger locomotives. Class I railroads, which are defined as 
those operations that gross over $450 million per year,189 carry the most freight and are 
responsible for about 80 percent of NOx and 79 percent of PM produced by all locomotives 
in California.190 Union Pacific Railroad (UP) and BNSF Railway (BSNF) are the two Class I 
freight railroads operating in California. Class III railroads move goods regionally, have lower 
revenues, and generally have older locomotives, but much lower overall emissions simply due 


189 Association of American Railroads, Rail Statistics of Class 1 Freight Railroads 
https://www.aar.org/Documents/Railroad-Statistics.pdf, accessed December 12, 2016. 
190 CARB locomotive emission inventories, https://ww2.arb.ca.gov/our-work/programs/mobile-source-emissions-
inventory/road-documentation/msei-documentation-road 
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to their lower population and usage of locomotives. Switcher locomotives move railcars and 
sections of trains in and around railyards (but should not be confused with rubber-tired railcar 
movers, smaller off-road vehicles than move individual railcars in yards, but are not 
considered switchers). CARB released updated line-haul and short-line emissions inventories 
in 2017 and is currently developing a new line-haul and switcher inventory based on the 1998 
Memoranda of Understanding (MOU) reporting data191 from the railroads. 


According to the latest MOU data, in 2018, Tier 4 line-hauls account for only 4 percent of 
total line-haul energy use in the South Coast Air Basin, which suggests that rail companies 
are not purchasing new Tier 4 locomotives, instead relying on older tier locomotives that are 
being remanufactured and used for the next few decades.192 In the absence of federal action 
to address harmful emissions from locomotives and railyards, CARB is developing a 
regulation193 to reduce criteria pollutants, toxic air contaminants, and GHG emissions for 
locomotive in-use, idling, and maintenance activities. This regulation include actions originally 
presented to CARB’s Board in March 2018, as well as new concepts to further reduce 
locomotive and railyard emissions. This regulation could be implemented at the State and/or 
air district level, and provide an opportunity for the railroads to further reduce emissions 
from rail operations and address long-standing environmental justice concerns voiced by 
communities near railyards. Regulation concepts for locomotives include: 


• Establish a locomotive emissions reduction spending account (conceptually this is an
account that railroads pay into when using older, dirtier tiers of locomotives, and can
use the account funds to purchase newer, cleaner locomotives);


• Adopt an in-use useful life limit;
• Adopt a 30-minute idling limit based on U.S. EPA requirements.


As discussed earlier, in 2017, CARB also petitioned U.S. EPA to exercise its authority194 to 
adopt more stringent emission standards for locomotives to help states meet federal air 
quality standards and climate goals, and address issues affecting public health and welfare.195 


CARB has recommended the NOx and PM emission factor for Tier 5 locomotives to be set at 
0.2 grams per brake horsepower-hour (g/bhp-hr) and 0.01 g/bhp-hr, respectively. Tier 5 
locomotives also offer 25 percent energy efficiency improvement over the current technology 
(i.e., Tier 4). 


191 Summary data can be found at: https://ww2.arb.ca.gov/1998-mou-summay-data-archive 
192 More details can be found at: https://ww2.arb.ca.gov/sites/default/files/2020-
09/CARBlocoinvwebinar2020.pdf 
193 https://www.aqmd.gov/docs/default-source/planning/fbmsm-docs/railworkshop_11-20-
19_english.pdf?sfvrsn=6 
194 42 U.S.C. § 7547(a)(5). Nonroad engines and vehicles 
195 Petition for rulemaking: seeking the amendment of the locomotive emission standards, 
https://ww2.arb.ca.gov/resources/documents/petition-rulemaking-seeking-amendment-locomotive-emission-
standards, April 2017 
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CARB is also participating in demonstration projects with the rail industry on battery electric 
locomotives, with delivery and testing possible near the beginning of 2021. These efforts 
may offer additional emission reduction options and in the near future, but are not yet 
reflected in the criteria emission reduction strategies, pending a successful demonstration. 


Mobile Source Strategy Scenario 


While CARB continues to work closely with stakeholders including rail companies, 
environmental groups, and communities on expanding the concepts to reduce emissions 
from locomotives and railyards, staff has also laid out more ambitious and longer-term 
strategies that are needed to achieve California’s near- and mid-term air quality and 
longer-term climate goals. These strategies aim for a complete phase out of Tier 0 through 
Tier 2 line-hauls by 2030, coupled with a significant penetration of Tier 4 locomotives, as well 
as Tier 5 and zero-emissions locomotives once they are available. Following this strategy, 
almost 90 percent of all line-hauls will become Tier 4 or Tier 5 by 2031. Additionally, the 
strategy assumes locomotives that are remanufactured twice or more will be prohibited from 
California operations. The scenario assumes that beginning in 2023, all pre-Tier 0, Tier 0, and 
Tier 0+ switchers will be replaced with Tier 3 and Tier 4 locomotives by 2030. 


Based on the assumptions described above, Figure 31 shows projected NOx emissions by 
Tier group in the South Coast Air Basin for line-haul locomotives. The dashed line shows the 
updated baseline emissions. The new baseline is higher than the emissions estimated 
previously in the 2016 State SIP Strategy. As shown, the scenario will result in almost 12 tpd 
of NOx reduction in 2031. This reduction is equivalent to 2 tpd of NOx emissions below the 
emissions estimated in the South Coast 2016 Air Quality Management Plan, which is needed 
to meet the NOx reduction commitment from mobile sources in 2031. 
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Figure 31 - South Coast Air Basin NOx Emissions from Locomotives: MSS Scenario 
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Figure 32 shows the relative energy use by different locomotive Tier groups assuming the 
technology penetration shown in Figure 31. As described earlier, following the 2020 MSS 
scenario, Tier 4 and 5 locomotives will make up over 90 percent of the total line-haul 
activities in 2031. 


Figure 32 - South Coast Air Basin Locomotive Energy Use: MSS Scenario 
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Ocean-Going Vessels 


Ocean-Going Vessels (OGV) are large vessels designed for deep water navigation, defined as 
commercial vessels greater than or equal to 400 feet in length, with a carrying capacity of 
10,000 gross tons or more, or propelled by a diesel marine compression ignition engine with 
a displacement of greater than or equal to 30 liters per cylinder. OGVs include large cargo 
vessels such as container vessels, tankers, bulk carriers, and car carriers (or “ro-ro” vessels), as 
well as passenger cruise vessels. These vessels transport containerized cargo; bulk items such 
as vehicles, cement, and coke; liquids such as oil and petrochemicals; and passengers. OGVs 
are an important part of California’s trade economy, but are also a significant source of GHG 
emissions, criteria pollutants, and toxic air contaminants especially in areas near ports and 
marine terminals. 


The International Maritime Organization (IMO), under Annex VI (“Regulations for the 
Prevention of Air Pollution from Ships”), specifies new marine engine NOx standards and sets 
fuel sulfur limits. CARB has the authority to regulate emissions from auxiliary engines on 
vessels docked at California ports. CARB set the first OGV At-Berth Regulation in 2007 with 
compliance requirements that began in 2014.196 The At-Berth Regulation requires container 
ships, cruise vessels and refrigerated cargo vessels to turn off their auxiliary engines and 
utilize shore power for a certain percent of time while at berth. The rule is limited to fleets of 
vessels making 25 or more visits (five or more for passenger ships) that operate in six 
California ports: Los Angeles, Long Beach, Oakland, San Diego, San Francisco, and 
Hueneme. This regulation will result in an 80 percent NOx emission reduction from auxiliary 
engines from applicable vessel types by 2020. 


In August 2020, CARB expanded the At Berth Regulation to cover new vessel types (such as 
roll-on/roll-off vehicle carriers and tankers), small fleets, new ports and terminals, and 
increase the usage of shore power. The action will continue to reduce vessel emissions at 
berth from auxiliary engines, and reduce toxic pollutant exposure in disadvantaged 
communities near the ports. 


Mobile Source Strategy Scenario 


While the recent actions target at berth auxiliary engine emissions, emissions from main 
engines and auxiliary engines during transit, anchorage, and maneuvering must also be 
addressed in order to achieve NOx reductions needed to meet California’s near- and 
mid-term air quality goals. Currently, very few vessels with Tier 3 main engines visit California 
ports, even though the Tier 3 engine standard applied to new marine engines beginning in 
2016. Tier 2 vessels emit three times higher NOx than Tier 3 vessels; thus, phasing out of 
older Tier vessels is key to reducing criteria and toxics emissions from OGVs. Under this 
scenario staff assumed: 


196 https://ww2.arb.ca.gov/our-work/programs/ocean-going-vessels-berth-regulation 
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1. Incentivizing vessels visits from cleaner OGVs: Starting in 2023, replace all Tier 0,
Tier 1, and Tier 2 vessel visits in California with visits made by Tier 3 or cleaner vessels
by 2031. Current Tier 3 vessel manufacturing data suggest that there may not be
sufficient Tier 3 to meet the vessel visits in California, even if California were to receive
a large majority of the worldwide Tier 3 vessels. However, these reductions may be
achieved by incentivizing visits from Tier 2 vessels that have been retrofitted to reduce
NOx emissions. Current retrofit technologies for marine engines include water-in-fuel
emulsion, exhaust gas recirculation (EGR) and selective catalytic reduction (SCR). Both
EGR and SCR have shown potential to reduce emissions by up to 80 percent.
Water-in-fuel emulsion strategies have shown up to 40 percent reduction in NOx
emissions, and may provide significant and cost-effective reductions options
(particularly at near-port and low load conditions where Tier 3 and other retrofit
options may not operate at full potential). All options will be considered to achieve the
needed emissions reductions.


2. Cleaner marine standards: While marine Tier 3 is considerably cleaner than Tier 2, the
Tier 3 NOx standard is still 5 to 10 times higher than the standards for other diesel
equipment sectors, and does not include a PM standard. CARB will work with U.S.
EPA, U.S. Coast Guard, and other partners to urge IMO to adopt more stringent Tier 4
marine standard by 2028, and establish efficiency requirements for existing vessels. In
the 2020 MSS scenario, Tier 4 NOx and PM emission factors are set at 1 g/kw-hr and
0.1 g/kw-hr, respectively.


Figure 33 shows the OGV NOx emission projection in the South Coast Air Basin under the 
MSS scenario. The emissions here include all OGV modes and cover up to 100 nautical miles 
of operation off the coast of California. The dashed line shows baseline emissions from main 
and auxiliary engines. The 2020 MSS scenario can reduce NOx emissions by 33 tpd in South 
Coast by 2031 (a portion of the reductions could also be achieved through Tier 2 retrofits 
noted above), still short of the target of 38 tpd reduction as identified in the 2016 MSS197 


which relied on earlier Tier 4 engine adoption. 


Several major shipping companies are working towards zero-emission vessels. For example, 
Maersk, the world's largest container shipper, aims to be carbon neutral by 2050 and to have 
carbon neutral vessels commercially available by 2030.198 Biofuels, renewable hydrogen and 
other hydrogen-derived fuels such as ammonia, methanol, batteries and fuel cells are being 
considered as potential fuel choices for zero-emission vessels. As the zero-emission 
technologies for marine vessels are still at an early stage and technological feasibility needs 
to be proven, CARB did not incorporate these strategies in the current 2020 MSS scenario. 
CARB will consider these strategies in future updates to the MSS as more information 
becomes available. 


197 Under further deployment of cleaner technologies 
198 https://www.maersk.com/news/articles/2019/06/26/towards-a-zero-carbon-future 
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Figure 33 - South Coast NOx Emissions from All OGV Modes: MSS Scenario 
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Aircraft 


Currently, CARB’s official emissions inventory199 has emissions data for five different aircraft 
categories that contribute significantly to NOx emissions; these are piston aircraft (civil), 
agricultural aircraft (crop dusting), jet aircraft (military), jet aircraft (commercial), and jet 
aircraft (civil). The jet aircraft (commercial) contribute to about 90 percent of NOx emissions 
from aircraft in California, whereas jet aircraft (military) and jet aircraft (civil) each contribute 
about 4.5 percent of NOx. Together, the piston aircraft (civil) and agricultural aircraft (crop 
dusting) produce less than 1 percent of NOx emissions. As significant progress has been 
made to reduce NOx emissions from on-road, off-road, and area sources in recent years, the 
NOx emissions from aircraft are becoming increasingly important. For the South Coast Air 
Basin, about 16.2 tpd of NOx emissions comes from the aircraft in 2020; and by 2031, NOx 
emissions from the aircraft will increase to about 20.5 tpd by 2031. 


The International Civil Aviation Organization (ICAO) is a United Nations intergovernmental 
body responsible for worldwide planning, implementation, and coordination of civil aviation 
and emissions. The Committee on Aviation Environmental Protection (CAEP) within ICAO 
coordinates the development of ICAO emission standards and recommended practices. 
ICAO standards incorporate a definition of “technological feasibility” that considers in-
production and in-development aircraft, resulting in standards that are “technology-
following” and do not tend to result in emissions reductions beyond business as usual. The 
ICAO standards have been the basis of Federal Aviation Administration’s aircraft engine 
performance certification standards, established through U.S. EPA regulations. While U.S. 


199 CEPAM: California 2019 ozone sip baseline emission projection - version 1.01 planning inventory tool 
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EPA historically has codified the aircraft emission standards adopted by ICAO for 
harmonization with global airline industry, individual ICAO member states may adopt more 
stringent standards if desired. 


The first NOx standard, adopted in 1981, applied to engines starting in 1986. The standard 
established a ceiling on NOx emissions at 100 g/kN at rated engine thrust for engine 
pressure ratio (EPR) of 30. Table 15 shows the progression of NOx emission standards at 
30 EPR and Figure 34 shows the comparison between different NOx standards at various 
EPRs. 


Table 15 - Aircraft engine emission standards relevant to NOx 


Regulation Adoption year NOx @ EPR 30 % NOx below CAEP/1 Newly certified engine 


CAEP/1 1981 100 g/kN 0% 1986 
CAEP/2 1993 80 g/kN 20% 1996 
CAEP/4 1999 67 g/kN 33% 2003 
CAEP/6 2005 59 g/kN 41% 2007 
CAEP/8 2011 50 g/kN 50% 2013 


CAEP/10* 2017 NA NA 2020 
* Note:  Focusing on fuel efficiency and CO2 reduction


In January 2021, U.S. EPA adopted GHG emission standards for certain classes of engines 
used by certain civil subsonic jet airplanes (those with a maximum takeoff mass greater than 
5,700 kilograms), as well as larger subsonic propeller-driven airplanes (those powered by 
turboprop engines with a maximum takeoff mass greater than 8,618 kilograms). These 
standards are equivalent to the Airplane CO2 Emission Standards adopted by the ICAO in 
2017, and therefore reflect only technologies available for in-production and in-development 
airplanes as of 2017 (expected to be in production by about 2020).200 Although there are a 
variety of aircraft and engine technologies under development which show tremendous 
promise in reducing GHG emissions, the standard does not require a technology response 
from manufacturers. Furthermore, U.S. EPA did not consider standards for in-use aircraft, 
more advanced technology under development by the industry (i.e., hybrid and 
zero-emission technology), or other emission-reduction mechanisms like sustainable aviation 
fuels or operational measures. CARB urges U.S. EPA to strengthen the standard in terms of 
stringency, applicability, and time. 


200 Control of Air Pollution from Airplanes and Airplane Engines: GHG Emission Standards and Test Procedures: 
Final Rule, 86 Fed. Reg. 2136, 2145 (Jan. 11, 2021). 
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Figure 34 - Comparison of CAEP NOx standards and engine NOx emissions201 


201 Jahangir, Ebad. ICAO Technology Goals Process for Aviation Environmental Protection. May 12, 2010. 
http://www.icao.int/Meetings/EnvironmentalColloquium/Documents/2010-Colloquium/3_Jahangir_Icao.pdf 
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Landing and Take-off (LTO) Cycle 


The CAEP is responsible for setting emission measurement procedures and standards for 
ICAO. These standards and procedures are based on a standardized landing and take-off 
(LTO) cycle developed to address ground-level air quality issues. The LTO cycle is comprised 
of six modes; namely, taxi-out, take-off, climb-out, approach, landing, and taxi-in modes 
(Figure 35 and Figure 36); climb, cruise, and descent operation for aircraft above 3,000 feet 
are not included in the LTO cycle. 


Figure 35- Typical aircraft flight path including the LTO cycle202 


Figure 36- Duration and Thrust Settings within each Segment of the LTO Cycle 


202 Advanced Emission Model. "European Organisation for the Safety of Air Navigation." 2015. 
https://www.eurocontrol.int/services/advanced-emission-model-aem. 
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Mobile Source Strategy Scenario 


Under the 2020 MSS, staff proposed a scenario focusing on four strategies: (1) improving the 
current air traffic operation, (2) transitioning toward zero-emission auxiliary power unit (APU), 
(3) accelerating the turnover of old aircraft, and (4) technology advancement for future
aircraft. The following provides additional details for each strategy:


Improve the Current Air Traffic Operation (ATO) during LTO cycle 


a) De-Rated Take Off: Aircraft are designed to take off safely without full thrust. By not
applying full thrust during take-off, aircraft would reduce NOx emissions as well as the
level of noise. According to a study conducted by MIT in 2005,203 each 1 percent of
derate can approximately reduce NOx emissions by 0.7 percent below 3000 feet while
slightly increasing the fuel burn. A more recent study by Koudis et. al. (2017)204 has
shown that using reduced thrust takeoff reduces fuel consumption, NOx, and black
carbon (BC) emissions by 1.0–23.2 percent, 10.7–47.7 percent, and 49.0–71.7 percent
respectively, depending on aircraft-engine combinations relative to 100 percent thrust
takeoff. Additionally, a study by Electronic Navigation Research Institute of Japan has
indicated that reduced thrust near the top of the climb can result in fuel saving205. The
engine derate can also extend engine life and reduce maintenance cost.206 


b) Reduce Power during Taxiing: Most commercial aircraft are equipped with two to four
engines. Aircraft engines, even at idle or minimal power settings, are used to taxi the
aircraft while on the ground. Because of this, taxi-in, idle and even taxi-out can be
completed with one or more of those engines not operating. If an engine can be shut
down during the taxi-in until the aircraft is in an advanced stage of the taxi-out for
takeoff, then such a procedure has the potential to reduce fuel burn and criteria
emissions such as NOx.207 


c) Improved Taxi Time: Prolonged taxi time for aircraft causes unnecessary waste of fuel
and an increase in emissions. By minimizing the taxi time when the aircraft is taxi-in or
taxi-out, less fuel will be consumed leading to less NOx emissions. Such a control
measure would require real-time optimization of air traffic with constant feedback
from all associated airports.


203 King, M., Waitz, I., 2005. Assessment of the Effects of Operational Procedures and Derated Thrust on American Airlines 
B777 Emissions from London’s Heathrow and Gatwick Airports. Partner, Cambridge, MA. 
204 Koudis, G. S., Hu, S. J., Majumdar, A., Jones, R., & Stettler, M. E. (2017). Airport emissions reductions from reduced 
thrust takeoff operations. Transportation Research Part D: Transport and Environment, 52, 15-28. 
205 Mori, R., 2020. Fuel-Saving Climb Procedure by Reduced Thrust near Top of Climb. Journal of Aircraft, pp.1-7. 
206 Donaldson, R., Fischer, D., Gough, J., Rysz, M. (2007). Economic Impact of Derated Climb on Large Commercial Engines. 
Proceedings of the Performance and Flight Operations Engineering Conference. 
207 Sustainable Aviation, Aircraft on the Ground CO2 Reduction Programme, UK’s Airport Operators Association 
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Reduce the Usage for Auxiliary Power Unit 


The typical aircraft APU is a small turbine engine that starts the aircraft main engines and 
powers the electrical systems on the aircraft when the main engines are off. By switching to 
the on-board rechargeable batteries as the power supply, it would reduce the usage of the 
gas turbine APU and hence the NOx emissions. 


Accelerated Turnover 


Similar to other off-road mobile source categories, replacing old aircraft that are powered by 
the CAEP/1 to CAEP/4 engines with the newer engines (CAEP/8 or newer) can reduce NOx 
emissions and improve safety, as well as fuel efficiency. 


Technology Advancement 


The NOx formation correlates with the high temperature and pressure during the 
combustion process. With innovative research and advanced optimization of engine design, 
it has been demonstrated that NOx emissions can be further reduced beyond the CAEP/8 
standards. For example, under the FAA’s Continuous Lower Energy, Emissions, and Noise 
Phase II (CLEEN II) Program, FAA awarded five-year agreements to Aurora Flight Sciences, 
Boeing, Collins Aerospace, Delta Tech Ops/MDS Coating Technologies, General Electric, 
Honeywell, Pratt & Whitney, and Rolls-Royce to accelerate the development of new aircraft 
and engine technologies. The goal of the program is to achieve 70 percent NOx and 
40 percent fuel burn reduction below the CAEP/8 standards. In 2016, GE’s Twin Annular 
Premixing Swirler (TAPS) II combustor matured under CLEEN I and entered into service as 
part of CFM International’s TAPS Leading Edge Aviation Propulsion (LEAP) engine, currently 
onboard Airbus 320neo, Boeing 737 MAX, and COMAC C919 aircraft. Under CLEEN I, GE 
engine emissions tests of TAPS II had results that were more than 60 percent below the 2004 
ICAO CAEP NOX standards. The FAA anticipates that more of these technologies could go 
into service in the next several years.208 


With all of these technology advancements in mind, for the 2020 MSS, staff developed a 
scenario assuming a phase-in requirement for improving ATO efficiency starting in 2023. Staff 
assumed that by 2030: 


• 90 percent of take offs in California will be 25 percent de-rated (95 percent of take
offs by 2050);


• 90 percent of aircrafts will have single engine taxiing (95 percent by 2050);
• 40 percent reduction in taxi time (50 percent by 2050);
• 40 percent reduction in APU usage (95 percent by 2050)


With these assumptions, Figure 37 presents the resultant NOx emissions reductions for the 
South Coast Air Basin. Without any control, the NOx emissions would increase from 16.2 tpd 


208 https://www.faa.gov/about/office_org/headquarters_offices/apl/research/aircraft_technology/ 
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in 2020 to about 20.5 tpd by 2031. However, with improved air traffic operation, and 
reduced APU usage, NOx emissions will be reduced by 4.7 tpd and 5.2 tpd in 2031 and 2037 
respectively. Please note that these estimates do not account for further deployment of 
cleaner technologies and accelerated turnover of older aircrafts. 


Figure 37 - South Coast NOx Emissions from Aircraft: MSS Scenario 
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It is noteworthy to also mention that as a result of the COVID-19 pandemic, the domestic and 
worldwide air traffic volume has declined significantly. It is estimated that almost 62 percent 
of the worldwide passenger jets were grounded right after the COVID-19 pandemic. To save 
the cost of fuel, most airlines started operating newer aircraft that were most fuel-efficient. 
Therefore, the airline industry is already accelerating the turnover of the older aircraft based 
on sound business solutions. Moreover, the COVID-19 pandemic has forced all business 
sectors and government agencies to reduce travel by encouraging more online meetings. 
Such new business practice is likely to continue after the COVID-19 pandemic is over. 


FAA has recently released its latest Terminal Area Forecast209 (TAF) report which is the official 
FAA forecast of aviation activity for U.S. airports. The report contains active airports in the 
National Plan of Integrated Airport Systems (NPIAS) including FAA-towered airports, Federal 
contract-towered airports, non-federal towered airports, and non-towered airports. 
According to the latest report, a total of 924.1 million passengers were enplaned at U.S. 
airports in 2019. This figure decreased by 44.4 percent in 2020 to 514.0 million 
enplanements as a result of the COVID-19 pandemic. Total enplanements at U.S. airports are 
forecast to recover in aggregate to their 2019 level by 2025. The latest aircraft emissions 


209 https://www.faa.gov/data_research/aviation/taf/ 
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analysis in South Coast air basin utilizing the 2020 TAF report was presented at the 
2022 South Coast AQMP mobile source working group meeting in August 2021.210 


210 http://www.aqmd.gov/docs/default-source/clean-air-plans/air-quality-management-plans/2022-air-quality-
management-plan/2022-AQMP-Mobile-Source-Presentations-Aircraft-8-18-21.pdf?sfvrsn=17 
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Off-Road Sectors: Zero-Emission 


Cargo Handling Equipment 


Cargo handling equipment (CHE) includes any motorized vehicles used to handle cargo or 
perform routine maintenance activities at California’s ports and intermodal rail yards. CHE 
includes yard tractors, rubber-tired gantry (RTG) cranes, container handlers, forklifts, etc. 
CHE can be a significant source of diesel PM emissions in communities near the ports and 
intermodal rail facilities. 


CARB initially adopted the CHE regulation on December 8, 2005, and it became effective on 
December 31, 2006. This regulation was fully implemented by the end of 2017 and has 
resulted in reductions of diesel PM and NOx at ports and intermodal rail yards throughout 
California. CARB staff are currently assessing the availability and performance of 
zero-emission and hybrid technologies to reduce emissions from a fleet predominantly 
powered by internal combustion engines and evaluating additional solutions that may include 
efficiency improvements. 


Mobile Source Strategy Scenario 


As part of the 2020 MSS, CARB staff has developed a scenario where CHE will start 
transitioning to full electric in 2026, with over 90 percent penetration of electric equipment 
by 2036. This assumption about aggressive electrification is supported by the fact that 
currently some electric RTG cranes, electric forklifts, and electric yard tractors are already 
commercially available. Other technologies are in early production or demonstration phases. 
Figure 38 shows the technology mix as a result of this scenario. As shown, the zero-emission 
CHE population share will reach 90 percent by 2036. Figure 39 shows statewide NOx 
emission from CHE. Statewide NOx emission reductions from CHE in 2031 and 2037 will be 
1.1 tpd and 1.5 tpd, respectively. Under this scenario, CHE electrification will reduce diesel 
fuel use by 115 million gallons in 2045. 
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Figure 38 - Statewide CHE Population: MSS Scenario 
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Figure 39 - Statewide CHE NOx Emissions: MSS Scenario 
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Small Off-Road Engines 


Small off-road engines (SORE) are spark-ignition engines rated at or below 19 kilowatts (i.e., 
25 horsepower). Engines in this category are primarily used in lawn and garden equipment 
as well as other small off-road equipment and specialty vehicles. Currently there are 
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14 million gasoline-powered SORE in California, equivalent to the number of light-duty 
passenger cars211 driving on California roadways. 


SORE are significant contributors to ROG and NOx, which are ozone precursors. CARB 
adopted emission standards for SORE in 1990 and was the first agency in the world to 
control emissions from these engines. While SORE are 40-80 percent cleaner today than 
they were before CARB’s control program began, they are still significantly dirtier than cars. 
Total smog-forming emissions from SORE will exceed the emissions from light-duty 
passenger cars in California in 2021 and, without additional regulation, will be almost twice 
those from California’s light-duty passenger vehicle fleet by 2031. Currently, nearly 
50 percent of the lawn and garden equipment and 70 percent of the light commercial 
equipment (such as generators, air compressors, and pressure washers) are electric, based on 
the survey by California State University, Fullerton. 


Driven by the State SIP Strategy, Governor Newsom’s Executive Order N-79-20, and needs 
for further reductions of ozone and particulate matter, CARB is currently developing a 
proposal to implement significantly tightened exhaust and evaporative emission standards 
for generator engines and emission standards of zero for other engines for model year 2024. 
Starting in model year 2024,212 the new emission standards will accelerate a transition of all 
SORE regulated by CARB – or about 90 percent of all SORE in the state – to zero-emission. 
The remaining 10 percent of SORE includes new engines which are used in construction 
equipment or vehicles used in farm equipment or vehicles which are smaller than 
175 horsepower that fall under section 209, subsection (e)(1)(A) of the Clean Air Act. The 
Clean Air Act does not grant CARB the authority to regulate the emissions from engines 
used in these equipment. 


Considering that staff’s current proposal would largely transform SORE to zero-emission 
technology by 2040, no additional 2020 MSS scenarios were modeled for this sector. 
Figure 40 shows statewide NOx and ROG emission projections from SORE. NOx emission 
reductions under the 2020 MSS scenario in 2031 and 2037 are 7.9 tpd and 11.8 tpd, 
respectively. As noted earlier, federally preempt engines account for the majority of 
remaining emissions after 2031, making up almost 90 percent of the total remaining NOx 
emissions from SORE by 2040. This again emphasizes the need for federal actions to reduce 
emissions from preempt equipment. As shown, the current proposal will reduce emissions 
from SORE in California such that overall emissions will be lower than those from California’s 
light-duty passenger car fleet starting in 2029. Transitioning SORE to zero-emission 
equipment is estimated to reduce gasoline fuel use by 237 million gallons in 2045. 


211 Referring to LDA category in the EMFAC model 
212 Emission standards of zero would be implemented for model year 2028 and later generator engines 
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Figure 40 - Statewide Smog-Forming Emission Projections from SORE 
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Airport Ground Support Equipment 


Airport Ground Support Equipment (GSE) are diesel, gasoline, natural gas and electric 
equipment used at airports. Common equipment includes aircraft tugs, baggage tugs, 
passenger stairs, and similar equipment. This category is well suited to electrification due to 
the equipment generally being captive at one location (allowing for the development of 
charging infrastructure), and the relatively stable power requirements (compared to large 
mining or construction equipment). Currently, approximately 34 percent of GSE reported to 
CARB is electric, with 38 percent being diesel, 17 percent gasoline, and 11 percent being 
natural gas. This proportion of equipment sales in each fuel type does not appear to have 
changed significantly in the last decade (based on data reported in the DOORS program), 
meaning that higher penetration of zero-emission equipment may not occur naturally. 


This equipment, although not a relatively large contributor to statewide emissions compared 
to other categories, is significant source of air pollution and toxic air contaminants to 
communities located near airports. The use of GSE is clustered and confined to a small area 
near other sources (such as cars and mass transit to airports, aircraft emissions, and other 
sources in or near the communities that surround many of the airports in the state). Currently, 
the diesel portion of this equipment is subject to the In-Use Off-Road Diesel Regulation, 
which requires these fleets meet approximately a Tier 3 average by 2023. 
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Mobile Source Strategy Scenario 


Under the 2020 MSS, staff assumes full electrification of the remaining diesel, gasoline and 
LNG equipment, phased in over 10 years from 2025 to 2034. This technology trajectory will 
require additional electrification infrastructure installed at airports and ground support 
terminals. As shown in Figure 41, this effort will reduce statewide NOx emissions by about 
1 tpd in 2031. 


This effort is supported by incentives currently, and may be accomplished with an MOU 
between the South Coast Air Quality Management District for specific airports in impacted 
communities. 


Figure 41 - Statewide NOx Emissions from GSE: MSS Scenario 


4 


3.5 


3 


N
O


x 
(t


p
d


) 2.5 


2 


1.5 


1 


0.5 


0 


20
18


20
19


20
20


20
21


20
22


20
23


20
24


20
25


20
26


20
27


20
28


20
29


20
30


20
31


20
32


20
33


20
34


20
35


20
36


20
37


20
38


20
39


20
40


Diesel Gasoline Natural Gas Baseline 


Forklifts (Spark Ignition and Diesel) 


Forklifts are off-road equipment with a mix of diesel, gasoline, natural gas and electric 
engines. Forklifts with moderate to low lift capacity are an excellent candidate for full 
electrification, as they are often captive to facilities, used in urban or industrial areas, and 
already have electric options available commercially. Larger forklifts may be less suitable to 
full electrification, due to a mix of available technology and power requirements. A threshold 
for full electrification will be developed by CARB staff in further developing this strategy, but 
it is likely to be between 6,000 to 10,000 pound capacity which broadly means full 
electrification for all forklifts under 50 or 80 horsepower. 


Diesel forklifts over 25 horsepower are currently subject to the In-Use Off-Road Regulation, 
meeting an increasingly stringent fleet average target with a final target in 2023. Gasoline 
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and CNG forklifts have been subject to the Large Spark Ignition Regulation, and completed 
their final emissions requirements in 2013. 


Mobile Source Strategy Scenario 


Under this 2020 MSS scenario, staff developed a scenario where forklifts will transition to 
zero-emission technology starting in 2025, with a possible measure coming to the Board in 
2022. Diesel forklifts would need to be pulled from the In-Use Off-Road Regulation and 
included with forklifts from other fuels in this strategy. As shown in Figure 42, this strategy 
would result in 6.9 tpd of statewide NOx reduction in 2031.213 


Figure 42 - Statewide NOx Emissions from Forklifts: MSS Scenario 
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Diesel Gasoline Natural Gas Baseline 


Transport Refrigeration Units 


Transport refrigeration units (TRUs) are diesel-powered refrigeration units installed on 
vehicles such as trucks, trailers, shipping containers, and rail cars. The CARB TRU emissions 
inventory also includes TRU generator sets (gensets), which are designed to provide 
electricity to electrically driven refrigeration units (including systems for semi-trailers, vans, 
and shipping containers). TRUs are responsible for the safe transportation of refrigerated 
goods, including meats, produce, dairy, and certain medicine and chemical products. TRUs 
operate in large numbers at distribution centers, food manufacturing facilities, packing 
houses, and intermodal facilities. 


213 Although this figure shows the reduction from all forklifts, CARB will assess the impact from smaller fleets, 
rental equipment (due to the infrastructure required for the end user to charge the forklift), and determine if 
there is a need for an upward limit on forklift capacity due to technology limitations. 
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TRUs are a significant source of various pollutants, but are of particular concern due to their 
PM2.5 emissions at locations and facilities where a large number of TRUs operate 
simultaneously, concentrating their emissions impact in the surrounding communities. CARB 
adopted the TRU Airborne Toxic Control Measure (ATCM) on February 26, 2004, with 
amendments in 2010 and 2011, to reduce diesel PM emissions. This regulation requires TRU 
diesel engines to meet in-use diesel PM emission standards by the end of the seventh year 
after manufacture. 


Currently, CARB is pursuing regulatory actions to further reduce emissions from this sector. 
The current regulatory concepts go beyond the current TRU ATCM by transitioning to zero-
emission wherever feasible, as well as increasing the earlier penetration of infrastructure that 
will be needed for those technologies. The current regulatory proposal requires the 
following: 


• Starting December 31, 2023, all truck TRUs must turnover at least 15 percent each
year (for 7 years) to full zero-emission technology. All truck TRUs must be full
zero-emission by 2029; and


• Starting December 31, 2023, newly manufactured diesel engines in trailer TRUs,
domestic shipping container TRUs, railcar TRUs, and TRU gensets that operate in
California, regardless of horsepower, must meet the U.S. EPA Tier 4 final emission
standard for 25-50 hp engines. This requirement applies to all diesel engines in trailer
TRUs, domestic shipping container TRUs, railcar TRUs, and TRU gensets starting
December 31, 2030. The current emission standards for TRU engines below 25
horsepower are significantly higher than those for over 25 horsepower engines. As a
result, many TRU engines are between 23 and 25 horsepower. This measure can
reduce PM emissions from these engines by 90 percent, and NOx emissions by
71 percent.


Mobile Source Strategy Scenario 


As part of the 2020 MSS, staff developed a rapid electrification scenario for TRUs, featuring 
the share of zero-emission TRUs increasing from 10 percent in 2024 to 100 percent in 2034. 
Statewide NOx emissions from TRUs will be reduced by 12 tpd in 2031 under the MSS 
scenario. 
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Figure 43 - Statewide NOx Emissions from TRU: MSS Scenario 
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Recreational Marine Vessels 


Recreational marine vessels (RMVs) include gasoline powered spark-ignition marine 
watercraft (SIMW), spark-ignition marine engines (SIMEs), and diesel-powered marine 
watercraft. A significant ROG emission source in California is the exhaust and evaporative 
emissions produced by SIMW and SIMEs. In 2015, the Board set standards for evaporative 
emissions from SIMW, however, the exhaust emissions standards for these watercraft have 
not been changed since 2009. 


Mobile Source Strategy Scenario 


Under the 2020 MSS, staff developed a scenario which assumes that from 2029 to 2033, the 
THC+NOx emission standards for outboard and personal watercraft will be gradually 
reduced to 40 and 70 percent below current levels for less than 40 kW and above 40 kW 
engines, respectively. 


In addition to these standards changes, which would apply to internal combustion outboard 
and personal watercraft marine engines only, staff is evaluating the potential for 
electrification of marine engines in certain applications. Specifically, small outboard engines 
less than 19 kW, which are not typically operated aggressively or for extended periods, could 
be replaced with electric motors within a seven-year phase-in period (i.e., from 2029 through 
2036). Additionally, 50 percent of existing PWC applications could be powered with electric 
motors over that same seven-year time period. The inherently lighter mass typical of PWCs is 
better suited to electric propulsion systems than are other types of marine vessels. Not only 
would this replacement of internal combustion engines with electric propulsion motors 
eliminate exhaust emissions, it would also eliminate evaporative emissions, helping to 
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achieve attainment with ambient air quality standards in the South Coast Air Basin and other 
areas of the State. 


Figure 44 provides potential NOx and ROG emissions reductions under this scenario. As 
shown, the scenario will achieve a total of 1.4 and 9.2 tpd of ROG + NOx emissions in 2031 
and 2037, respectively. In addition to criteria emissions benefit, the proposed scenario will 
result in reductions in gasoline consumption of about 20 million gallons by 2045 (Figure 45). 


Figure 44 - Statewide Smog-Forming Emissions from Recreational Marine Vessels 
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Figure 45 - Statewide Gasoline Fuel Consumption from Recreational Marine Vessels 
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Off-Road Sectors: Accelerated Turnover and Zero-Emission 


Construction and Earthmoving Equipment (In-Use Off-Road) 


The in-use off-road equipment sector includes equipment used in industries such as 
construction, mining, industrial, oil drilling, and similar industries, and covers mobile diesel 
vehicles over 25 horsepower. Common examples are loaders, backhoes, excavators, forklifts, 
oil rigs, and other off-road equipment. 


The diesel equipment in this category is currently subject to CARB’s In-Use Off-Road 
Regulation, passed by the Board in 2008. The existing rule requires that fleets meet an 
increasingly stringent set of fleet average targets, culminating in 2023 for large fleets (large 
fleets represent about 73 percent of vehicle ownership). The most stringent fleet average 
target generally corresponds to roughly a 2012 model year, or a Tier 3 average standard. 
While this regulation has resulted in significant emissions reductions from the sector, the 
regulation does allow Tier 0, 1 and 2 equipment to continue operating indefinitely with no 
activity restrictions (dependent on the mix of other equipment owned by the fleet). For 
comparison, a single Tier 0 off-road engine in the 100-175 horsepower bin has 80 times 
higher NOx emissions than a Tier 4 Final off-road engine. By 2031, this Tier 0 equipment will 
be 32 years old or more, Tier 1 will be 28 to 31 years old, and Tier 2 will be 24 to 27 years 
old. This equipment, already having provided a long useful life, can continue to operate 
hundreds or thousands of hours per year with no restrictions under the current rule, with no 
end date. 


Mobile Source Strategy Scenario 


For the 2020 MSS, staff developed a scenario where the current In-Use Off-Road Regulation 
will be extended with the goal of full turnover of Tier 0, 1 and 2 engines between 2024 and 
2033. This scenario will allow a 10 year phase out of these engines to cleaner Tier 4 final 
engines. As illustrated in Figure 46, this scenario will result in a statewide NOx emissions 
reduction of 7.5 tpd by 2031, with 2.4 tpd in South Coast and 1.7 tpd in the San Joaquin 
Valley. Diesel PM will be reduced in the sector by 47 percent over the same period. 
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Figure 46 - Statewide NOx Emissions from In-Use Off-Road: MSS Scenario 
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Agricultural Equipment 


California is the nation’s leader in agricultural production, producing over 400 different 
commodities that generate over $40 billion in annual sales and over 400,000 jobs statewide. 
Agricultural equipment is used in agricultural goods production and supply, and is a 
significant contributor to California’s air quality issues. The San Joaquin Valley contains over 
50 percent of the state’s agricultural equipment, and diesel agricultural equipment 
contributed 18 percent of the NOx emissions in the San Joaquin Valley in 2019.214 


Since 2009, over $400 million dollars in private and public funding have been invested in the 
San Joaquin Valley to replace older agricultural tractors with newer and cleaner models. 
Through 2016, the Natural Resources Conservation Service (NRCS) grant program by 
U.S. Department of Agriculture, in combination with the San Joaquin Valley Air Pollution 
Control District’s program, has provided over $129 million that helped replace over 5,000 
Tier 0 and Tier 1 tractors, plus other agricultural equipment. In 2018, CARB developed the 
Funding Agricultural Replacement Measures for Emission Reductions (FARMER) Program,215 


which facilitates distribution of State funds allocated by the California Legislature to 
incentivize turnover of agricultural equipment. The 2017-18 fiscal year allocated $108 million 
for San Joaquin Valley agricultural equipment replacement projects. The 2018-19 fiscal year 
included $132 million statewide for the FARMER program, with approximately 80 percent of 


214 https://www.arb.ca.gov/app/emsinv/fcemssumcat/fcemssumcat2016.php 
215 CARB FARMER Program, https://ww2.arb.ca.gov/our-work/programs/farmer-program 
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the funds allocated to the SJV. The current goal for emissions reductions is 11 tpd of NOx 
from agricultural equipment in the San Joaquin Valley by 2024; this is roughly equivalent to 
replacing all Tier 0, Tier 1 and Tier 2 tractors that are used over 200 hours per year with Tier 
4 engines and equipment. 


Mobile Source Strategy Scenario 


Under this 2020 MSS, staff developed a scenario that assumed continued incentive funding 
opportunities in the sector through 2031. Figure 47 shows the NOx emissions from farm 
tractors in the San Joaquin Valley under the baseline (i.e., 2016 SIP inventory) as well as the 
proposed MSS scenarios. At the average levels of funding over the past 4 years, continued 
funding through 2031 could replace Tier 0, 1 and 2 equipment in the remaining categories of 
equipment such as harvesters, bale wagons, tillers, etc. that are used over 100 hours per 
year, and the remaining Tier 0, 1 and 2 tractors used from 100 to 200 hours per year, with a 
total reduction of an additional 4 tpd of NOx in the San Joaquin Valley in 2031. 


Figure 47 - San Joaquin Valley NOx Emissions from Farm Tractors 
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Commercial Harbor Craft 


Commercial harbor craft (CHC) include any private, commercial, government, or military 
marine vessels including, but not limited to ferries, excursion vessels, tugboats (including 
ocean-going tugboats), towboats, crew and supply vessels, work boats, pilot vessels, barges, 
dredges, and commercial and charter fishing boats. The majority of CHC have diesel engines, 
which are significant emitters of PM and NOx. CHC emissions are concentrated near the 
ports, and pose significant health risks to nearby communities. 
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CARB’s CHC Regulation was adopted in 2007 to reduce toxic and criteria emissions to 
protect public health. It was then amended in 2010 and will be fully implemented by the end 
of 2022. CARB is currently developing a new emission inventory and rule concept for CHC. 
The current regulatory concepts establish expanded and more stringent in-use requirements 
to cover more vessel categories. The concepts also mandate accelerated deployment of 
zero-emission and advanced technologies in vessel categories where technology feasibility 
has been demonstrated. For example, based on regulatory concepts released March 2020: 


• Starting in 2023, all CHC except for commercial fishing vessels are required to meet
the cleanest possible standard and retrofit with DPF based on a compliance schedule.
The current regulated CHC categories are ferries, excursion, crew and supply, tug/tow
boats, barges, and dredges. The concept will impose in-use requirements on the rest
of vessel categories except for commercial fishing vessels, including workboats, pilot
vessels, commercial passenger fishing, and all barges over 400 feet in length or
otherwise meeting the definition of an ocean-going vessel. The concept also removes
the current exemption for engines less than 50 horsepower;


• Starting in 2025, all new tugboats are required to be diesel-electric vessels.
Diesel-electric vessels can deliver power to propellers through multiple pathways, such
as diesel electro-mechanical propulsion systems, to reduce fuel by eliminating the
need to run large main engines when vessel power demand is low (standby or low
speed transit modes).216 Diesel-electric tugboats could achieve about 15 percent fuel
efficiency enhancement over their conventional counterparts;


• Starting in 2026, all new excursion vessels are required to be plug-in hybrid vessels
that are capable of deriving 30 percent or more of combined propulsion and auxiliary
power from a zero-emission tailpipe emission source;


• Starting in 2028, all new and in-use short run ferries are required to be zero-emission.


Figure 48 shows NOx emissions from CHC under the current regulatory concepts.217 As 
noted in CARB’s March 5, 2020 workshop, emissions under the new baseline emissions 
inventory are much higher than those estimated previously for the 2016 State SIP Strategy. 
As a result, the NOx emission reductions from the 2016 SIP baseline under the rule concepts 
are minimal and therefore more aggressive actions need to be taken in order to achieve the 
NOx reductions needed to meet the State’s air quality goals. 


216 Enhanced Efficiency Diesel-Electric Vessels have been built today in the tugboat sector. By design, the 
vessels augment mechanical propulsion with auxiliary diesel electric generators using a power take-in (PTI) 
system to maximize the time diesel engines are operating in their most efficient load range (e.g. typically 80 to 
90 percent of maximum rated power). 
217 https://ww2.arb.ca.gov/resources/documents/public-webinar-notice-march-5-2020 
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Figure 48 - South Coast NOx Emissions from CHC: Regulatory Proposal 
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Mobile Source Strategy Scenario 


For the 2020 MSS, staff developed a scenario which assumes introduction of Tier 4 and Tier 5 
standards with DPF requirements for all CHC in 2024 and 2027, respectively. The scenario 
also assumes that commercial fishing vessels would no longer be exempted from the 
emission performance requirements. Current Tier 4 standard only applies to new vessels over 
600 kW. This scenario would require Tier 4 engines for all vessel types. Under this scenario, 
staff assumed a Tier 4 standard which would impose a NOx emission standard of 
1.04 g/bhp-hr (three to four times lower than the current Tier 3 levels); and a PM emission 
standard of 0.027 g/bhp-hr (two to seven times lower than current Tier 3 levels). Also, staff 
assumed a Tier 5 standard with NOx emissions of 0.20 g/bhp-hr and PM emissions of 
0.010 g/bhp-hr. In this scenario, staff assumed that by 2030, all new and in-use excursion 
vessels would be plug-in hybrid, all new tugboats would be diesel-electric, and 20 percent of 
all ferries would be zero-emission. 


Figure 49 shows NOx emission projections from CHC in the South Coast Air Basin under the 
2020 MSS Scenario. As shown, the scenario can achieve over 3 tpd of NOx emissions 
reduction in 2031, significantly more than is estimated under the current regulatory concept. 
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Figure 49 - South Coast NOx Emissions from CHC: MSS Scenario 
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Cleaner and More-Efficient Off-Road Diesel Technology 


Cleaner Diesel Technology 


The last emissions standards for off-road diesel equipment (Tier 4 Interim and Final 
standards) were established in May 2004 by U.S. EPA, and took effect starting in 2008 with 
full implementation in 2015. These standards are shown below in Figure 50. From 75 to 
750 horsepower, the standards are approximately equivalent to the 2010 on-road heavy-duty 
truck emission standards. However, technical challenges in lower and higher horsepower 
applications created barriers to SCR and DPF requirements, leaving NOx emissions standards 
in these horsepower bins only slightly below Tier 1 standards in the 50 to 75 horsepower bin, 
and exactly the same for the 0 to 50 horsepower groups. 


Figure 50 - Tier 4 Final Off-Road Diesel Standards for NOx and PM218 
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Technology demonstrations for SCR and DPF systems in the last 16 years (in particular the 
last three years) have shown that significant additional reductions are feasible for off-road 
engines. Again, the 75 to 750 horsepower groups show the greatest potential for reductions 
with up to 90 percent NOx reductions below Tier 4 Final as potentially feasible. However, 


218 The less stringent PM standard for <11 hp engines was effective until 2010. Tier 4 HC and NOx are a 
combined standard for < 75 hp engines. 
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under 75 horsepower, there seems to be significant potential for 50 to 75 percent NOx and 
PM reductions. This would effectively be the first real NOx reduction requirements for 
equipment under 25 horsepower, and the most significant PM reduction requirements for 
equipment under 75 horsepower of all off-road engine standards. The reduction beyond the 
Tier 4 Final standards is shown below in Figure 51, as the percent reduction from the existing 
standards. 


Figure 51 - Potential NOx and PM Emission Standard Reductions from Tier V Standards 
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The Tier 5 standards could be implemented as early as 2028 for non-federally preempt 
equipment, and possibly in 2030 for preempt equipment. While these standards would 
improve benefits seen from incentive and regulations that accelerate turnover, they would 
also have a significant positive impact solely due to natural turnover of equipment as shown 
below in Figure 52, providing up to 18 tpd NOx benefits statewide in 2040. 
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Figure 52 - Off-Road NOx Emissions Benefits from Tier 5 


On-board diagnostics for Off-road 


OBD systems are self-diagnostic systems incorporated into a vehicle’s on-board computer. 
They are comprised mainly of software designed to detect emission-control system 
malfunctions as they occur. This is done by monitoring virtually every component and system 
that can cause increases in emissions. The OBD system continuously works in the background 
during vehicle operation to monitor emission-related components and alerts the vehicle 
operator of detected malfunctions by illuminating the malfunction indicator light (MIL) on the 
vehicle’s instrument panel. Additionally, the OBD system stores important information, 
including identification of the faulty component or system and the nature of the fault, which 
allows for quicker diagnosis and proper repair of the problem by technicians. This helps 
vehicle owners experience less expensive repairs, and promotes repairs being done correctly 
the first time. OBD systems have also become the basis for emission inspection programs in 
California and throughout the nation. For light-duty vehicles, all 2000 and newer model year 
vehicles are inspected nearly exclusively by accessing the OBD system to verify that no 
emission-related faults are present. For heavy-duty, research is still ongoing to develop such 
a program, but it is likely that OBD information will play a vital role in the inspection process. 


The first generation of OBD systems intended for light- and medium-duty vehicles with three 
way catalysts and feedback control (referred to as OBD I) was implemented by CARB in 1988, 
and required monitoring of only a few of the emission-related components on the vehicle 
(CARB, 1985). In 1989, CARB adopted regulations requiring a second generation of OBD 
systems (referred to as OBD II) that standardized the system and addressed the shortcomings 
of the OBD I requirements. OBD II required all 1996 and newer passenger cars, light-duty 
trucks, and medium-duty vehicles and engines to be equipped with OBD II systems (CARB, 
1989). 
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In 2004, CARB adopted regulations requiring diagnostic systems for heavy-duty vehicles and 
engines (i.e., vehicles with a GVWR greater than 14,000 pounds). CARB first adopted the 
Engine Manufacturer Diagnostic (EMD) regulation, which required manufacturers of 
heavy-duty engines and vehicles to implement diagnostic systems on all 2007 and 
subsequent MY on-road heavy-duty engines. The EMD regulations were much less 
comprehensive than the OBD II regulations and were intended for heavy-duty manufacturers 
to achieve a minimum level of diagnostic capability (CARB, 2004). In 2005, CARB adopted 
heavy-duty OBD requirements for 2010 and subsequent MY heavy-duty engines and vehicles, 
which phased in with full implementation required for the 2013 MY (CARB, 2005a). 


The OBD system is required to monitor components that can cause emission increases and 
detect a fault when emissions exceed the emission standards by a certain amount. Emission 
“thresholds” for these faults are typically either a multiple of the exhaust emission standard 
(e.g., 2.0 times the applicable standard) or an additive value above the standards (e.g., 
0.2 g/bhp-hr above the applicable standards). 


OBD systems have been instrumental in reducing emissions for on-road light-, medium-, and 
heavy-duty vehicles and engines, and the opportunity now exists to expand this benefit to 
off-road equipment and engines. Concurrent with consideration of Tier 5 emission standards, 
CARB staff would consider proposing initial off-road OBD requirements, including 
standardized engine control unit communications and interfaces, threshold monitoring, and 
recording of emissions history information from on-board NOx sensors (as is done for 
on-road vehicles via the REAL requirements). 


Efficiency Improvement 


Off-road diesel equipment is becoming an increasingly important contributor to statewide 
GHG emissions. By 2045, off-road diesel equipment in California will consume approximately 
2.1 billion gallons of diesel fuel, which is equivalent to the annual diesel consumption of 
approximately 490,000 heavy-duty trucks in California. While the recent state and federal 
regulatory actions such as national Phase 2 greenhouse gas emissions standards for medium 
and heavy-duty trucks as well as California’s ACT regulation will significantly improve the 
efficiency of the on-road heavy-duty sector, off-road equipment sectors have generally 
lagged in hybridization and electrification. In part, this is due to technology and infrastructure 
hurdles, and in part due to the difficulty of creating targets for fuel efficiency in off-road 
sectors that lack a universal, objective metric such as miles per gallon. Despite these 
difficulties, there are already numerous commercial hybrid vehicles available in the 
construction, mining, and industrial equipment sectors. It is notable that these equipment 
types were produced with no emissions requirements and demonstrate that hybridization 
technology is viable for many types of off-road equipment and desirable for end users in 
many applications. Currently, commercial and demonstration off-road hybrid projects show a 
range of 14 to 60 percent fuel savings over traditional diesel engines, with an average of 
25 percent. 
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Separately, marine and locomotive sectors do not yet have many commercial applications 
available but have made significant progress in demonstration projects. Marine engines used 
in auxiliary engines for ocean going vessels, as well as main engines for some commercial 
harbor craft have shown potential for hydrogen as a fuel source. Locomotives have shown 
significant progress in demonstration projects including battery-electric assist, with up to 
70 percent fuel savings. In terms of electrification, San Bernardino County Transit Authority is 
planning to begin revenue service with a single fuel cell multiple unit (MU) in early 2020 and 
other passenger rail operators have been progressive in adopting the cleanest locomotives, 
and initiated various efforts to transition to ZE locomotives. Additionally, BNSF will demo a 
battery-electric locomotive (BEL) from Stockton to Barstow in early 2021. Potentially, large 
percentage of passenger locomotives can be converted to fuel cell or electrified, but the 
overall fuel consumption of passenger locomotives is much smaller than freight locomotives. 
BEL increases efficiency by 10 to 15 percent, but stores little energy, so fuel use converted 
from diesel to electric will be small. Switchers that account for about 10 percent of freight 
diesel use could also be converted to electric, but it is unlikely any significant portion of 
freight line-haul locomotives will be converted to electric (connected to the grid). The current 
cleanest locomotive (Tier 4) does not have efficiency benefits compared to older 
locomotives. Tier 5 locomotives, if the standards are adopted, are expected to have 10 to 
25 percent efficiency improvement. BELs are expected to provide 10 to 15 percent efficiency 
improvement to the diesel locomotives, but Tier 5 and BEL improvements will not be 
accumulative. If freight railroads begin using Tier 5 or hybridized locomotives in 2030, 
25 percent efficiency improvement could be achieved. 


In this 2020 MSS, staff assumed a scenario where there will be a significant efficiency 
improvement in off-road diesel engines sold in California beginning in 2028, with some 
early-action incentive-based penetration in 2025. The overall goal would be a 12 percent 
reduction in GHG emissions by 2030, and a 30 percent reduction by 2040. Detailed modeling 
assumptions (e.g., GHG emission benefits and target population of the off-road diesel engine 
sectors) are described in Table 16. Zero-emission and hybridization requirements could be 
incorporated into off-road Tier 5 standards for off-road equipment. For Locomotives and 
marine vessels, such requirements could be incorporated with locomotive Tier 5 standards 
and marine Tier 4 standards, which requires coordination with U.S. EPA and the IMO. 
Technology penetration rates for each off-road category will vary depending on their 
suitability for hybridization or electrification, as well as the rate of equipment turnover – 
including natural and accelerated turnover by incentives and/or regulatory actions. 


Figure 53 demonstrates the potential fuel saving resulting from this scenario. As shown, the 
scenario will reduce GHG emissions by 25 and 26 percent from the baseline in 2040 and 
2050, respectively. 


The wide-scale electrification and hybridization transformation will result in a fuel saving of 
about 0.78 billion gallons of diesel and 0.23 billion gallons of gasoline per year in 2045, which 
translates to a WTW GHG reductions of approximately 10.45 MMT per year (Figure 54). Also 
by 2050, the WTW GHG emissions from off-road will be 44 percent below the baseline. 
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Table 16 – Modeling Parameters for Off-Road Diesel Engine Efficiency Improvement 


Sector Percent fuel savings Target population of 
the sector 


Penetration Rate 
Modeled 


OGV  25% on average
 Renewable H2


production shows a
99% WTW NOx
reduction & 51%
reduction with non-
renewable method


 Hybrid auxiliary engines
and boilers  32% of
total fuel consumption
 Including car carrier and


Roro types also  35%


 Market share
increases at 2%
annually from
2028


Locomotive  Approx. 25% efficiency
improvement


 Class I Line-haul,
Switcher, Passenger
locomotives  98% of
total fuel consumption


 Market share
increases at 2%
annually from
2028


Construction &  Approx. 25% on  66% of the sector fuel  Market share
Mining & average (up to 70% consumption defined by increases at 10%
Industrial depending on


application type)
the horsepower range
75 ~ 600hp


annually from
2024 to 2033


Agriculture  Approx. 25% efficiency
improvement


 41% of the sector fuel
consumption defined by
the horsepower range
75 ~ 600hp


 Market share
increases at 7%
annually from
2028


Portable 
Equipment 


(PE) 


 Requires additional
demonstrations, but
hydrogen has
significant potential


- -


Commercial 
Harbor Craft 


(CHC) 


 Approx. 25% on
average


 Tug, Ferry, and
Excursion populations 
53% of the total sector
fuel consumption


 Market share
increases at 10%
annually from
2028 to 2037


Transportation  Zero-emission (MSS  100% of the total sector  Market share of
Refrigerator Scenario) fuel consumption E-TRU increases
Unit (TRU) from 10% in


2024 to 100% in
2034


Cargo 
Handling 


Equipment 
(CHE) 


 Zero-emission (MSS
Scenario)


 100% of the total sector
fuel consumption


 Market share of
E-CHE increases
from 8% in 2026
to 100% by 2037
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Figure 53 - Technology Shifts in Diesel Fuel Use by Sector 
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Figure 54 - Statewide Well-to-Wheel GHG Emissions from Off-road Sector220 


 


  


 
220 The use of avoided methane emissions from dairy biogas in this scenario accounts for approximately 0.44% 
of the cumulative WTW GHG benefits from 2020 to 2045. 
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Summary of Mobile Source Scenarios 


A summary of statewide fuel use and NOx emissions reductions from the 2020 Mobile Source 
Strategy scenarios is provided in Table 17. As shown, the scenarios in the 2020 MSS would 
achieve an overall statewide NOx emissions reduction of 531 tpd and 592 tpd in 2031 and 
2037, respectively, which are equivalent to 48 and 55 percent reduction from projected 
baseline NOx emissions in those years.219 In addition, because of these strategies, mobile 
source NOx emissions in 2031 and 2037 will be 75 and 82 percent below the 2017 baseline. 
The scenarios will also reduce mobile source fuel consumption by 9.5 billion gallons of 
gasoline equivalent (GGE) and 3.0 billion gallons of diesel equivalent (DGE) in 2045. This 
equates to a WTW GHG emissions reduction of approximately 94 MMT CO2e in 2045. In 
terms of on-road transportation (i.e., on-road light- and heavy-duty vehicles), by 2045, the 
scenarios would achieve a WTW GHG emissions reductions of approximately 83 percent from 
the 2020 baseline. 


Table 17 - Statewide NOx Emissions Reductions and Fuel Use from the 2020 MSS 
Scenarios 


Category Scenario Assumptions Statewide NOx 
Reduction (tpd) 


2031 2037 


Statewide Fuel 
Use Reduction 


2045 


On 
Road 


Light-Duty 
Vehicles 


• 70% ZEV + PHEV sales in 2030
• 100% ZEV + PHEV sales in 2035
• 7.9 M ZEV by 2030
• 27.9 M ZEV+PHEV by 2045 4.2 13.8 


8.8 B GGE 
0.1 B DGE 


VMT 
• ~15% reduction in statewide


light-duty VMT by 2050 compared
to business as usual


On-Road 
Motorcycles 


• Alignment with EU5 standard for
MY2024+ motorcycles


• 100% ZEM sales in 2035 and onward
0.73 1.32 0.028 B GGE 


Medium-Duty 
Vehicles • 100% ZEV sales starting 2035 0.25 1.11 0.15 B DGE 


0.26 B GGE 


219 According to 2016 South Coast AQMP, the preliminary projections, based upon ozone “isopleths” 
developed for the 2031 emission scenarios indicate that 2037 Basin NOx carrying capacity to meet the 70 ppb 
standard could be as low as 75 tpd. This is additional 62 percent NOx reduction beyond the projected 2037 
baseline and 25 tpd of additional NOx emission reductions between 2031 and 2037. 
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Category Scenario Assumptions Statewide NOx 
Reduction (tpd) 


2031 2037 


Statewide Fuel 
Use Reduction 


2045 


On-
Road 


Heavy-Duty 
Vehicles 


• Reflect Heavy-Duty Omnibus, ACT,
and Heavy-Duty I/M starting in
2024, and federal 0.02 g/bhp-hr
starting in 2027


• 100% of model year 2035 and newer
vehicles registered in California will
be ZEV


• Accelerated turnover of older trucks


141 195 1.9 B DGE 
0.2 B GGE 


Off-Road 
Efficiency 


Improvement220 


• Zero-emissions and hybridization
where feasible with the goal of
12 percent reduction in GHG by
2030, and 30 percent by 2040


N/A N/A 0.54 B DGE 


Off-Road 
Tier V Standard 


• Tier 5 being introduced starting in
2028-2030


• 50 – 90% NOx reduction from current
Tier 4f standard


4.7 14.1 N/A 


Off 
Road 


Rail 


• 100% of replaced locomotive will be
Tier 4


• Remanufacturing limit
• Tier 5 being introduced in 2028


65 52 N/A 


Ocean Going 
Vessels 


(out to 100 nm) 


• 100% of Tier 0/1/2 visits are phased
out by 2031


• Tier 3 visits begin in 2025 (begin
replacing all Tier 0-2)


• Tier 4 visits begin in 2028 (no
additional Tier 3 visits)


263 258 N/A 


Construction • Full turnover of Tier 0/1/2 to Tier 4f
by 2033


7.5 5.4 N/A 


SORE 


• All non-federally preempt SORE sales
except for generators will be zero-
emission by 2024 (2028 for
generators)


7.9 11.8 0.24 B GGE 


 


                    
   


October 28, 2021 


220 Excluding categories such as CHE and TRU that are going to zero-emission in other scenarios. This is done to 
avoid double counting 
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Category Scenario Assumptions Statewide NOx 
Reduction (tpd) 


2031 2037 


Statewide Fuel 
Use Reduction 


2045 


Aircraft 


• 25 percent derate during take-off
• 40 percent reduction in Taxi time
• Single engine taxiing
• 40 percent reduction in APU usage


12.5 13.3 N/A 


Transport 
Refrigeration 


Units 


• Accelerated penetration of electric
TRU (from 10% in 2024 to 100% in
2034)


12.2 16.7 0.11 B DGE 


Commercial 
Harbor Craft 


• All vessels (including commercial
fishing) being Tier 4/5 by 2031


• Introduction of Plug-in hybrid for
excursions and diesel-electric for tugs
by 2030


11.6 10.8 0.027 B DGE 


Off-
Road 


Cargo Handling 
Equipment 


• Begin transition to full electric
operation beginning in 2026
(accelerated turnover)


1.1 1.6 0.12 B DGE 


Agriculture • An incentive based concept
consistent with the 2018 SJV SIP


N/A N/A NYQ 


Airport Ground 
Support 


Equipment 


• Full electrification transition from
2024-2034


1.1 1.2 0.035 B DGE 


Forklifts 
• Transition to zero-emission


technology starting in 2025 with fully
electric fleet by 2034


6.9 8.6 0.016 B DGE 


Recreational 
Watercraft 


• New THC + NOx standards of 40 and
70 percent below current levels


• Electrification of small outboard and
PWC engines


0.3 2.2 0.02 B GGE 


Total Statewide Emissions/Fuel Use Reductions 531 592 
9.5 B GGE 
3.0 B DGE 
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DGE: Diesel Gallons Equivalent 
GGE: Gasoline Gallons Equivalent 


The 2020 MSS scenarios illustrate that even with extremely aggressive electrification, 
accelerated turnover, coupled with aggressive VMT reductions and fuel decarbonization,221 


the mobile source sector alone cannot become carbon neutral by 2045. This emphasized the 
importance of CDR strategies such as mechanical and land-based sequestration. This 


221 Fuel decarbonization refers to a group of strategies, including SB 100 electric grid requirements, liquid fuel 
carbon reductions through the Low Carbon Fuel Standard (LCFS), and other actions. 


189 







      


 


 


             
              


             
 


                
                


               
         


  


 


           
    


  


October 28, 2021 


economy-wide approach that includes consideration of CDR is introduced in a recent report 
by Energy and Environmental Economics (E3). 222 The E3 report provides insights into the 
types of economy-wide transformation that will be necessary to achieve carbon neutrality by 
mid-century. 


CARB staff will continue to develop the concepts described in Table 17 in order to translate 
them into measures that will be included in the State SIP Strategy being developed for the 
70 ppb 8-hour ozone standard, along with the 2022 Scoping Plan Update, and other CARB 
planning documents to be released in the coming years. 


222 Achieving Carbon Neutrality in California: PATHWAYS Scenarios Developed for the 
California Air Resources Board https://ww2.arb.ca.gov/sites/default/files/2020-
08/e3_cn_draft_report_aug2020.pdf 
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Appendix A - Upstream Energy Emission Factors for Scenario 
Modeling 


Background 


As part of the Mobile Source Strategy (MSS) both the emissions associated with the 
operation of the vehicles (i.e. tank-to-wheel emissions, TTW) and upstream energy 
production (i.e. well-to-tank emissions, WTT) are assessed. Well-to-tank (WTT) emissions 
include direct emissions resulting from the processes required for producing, refining and 
delivering energy. In order to estimate WTT emissions, staff developed WTT emission factors 
for each of the five transportation fuel types in the MSS, including gasoline, diesel, electricity, 
hydrogen, and compressed natural gas (CNG). The materials developed in this document are 
for informational purposes. Assumptions and forecasts for transportation fuels will be 
revisited in the 2022 Scoping Plan Update. 


This technical appendix provides an overview of the methods and data used to estimate 
upstream emission factors. You can find a more detailed description of these methods on the 
Vision Scenario Planning webpage.223 


Scope and Boundary 


For the purposes of the 2020 Mobile Source strategy, the scope of the upstream emissions 
analysis is consistent with current emissions inventory methodologies.224 For greenhouse gas 
(GHG) emissions, system scope refers to upstream life-cycle phases of fuel production. AB 32 
defines statewide GHG emissions as the total annual emissions of greenhouse gases 
occurring in California, including all emissions of greenhouse gases from the generation of 
electricity delivered to and consumed in California.225 For criteria emissions, only in-state 
emissions are included. Table 18 lists the system scope and the geographic boundary of the 
WTT emissions covered in the analysis. The system scope for most of the fuel blendstocks 
include feedstock and fuel production. For electricity, system loss from transmission and 
electric vehicle charging is also considered. 


223 CARB, Vision Scenario Planning webpage. Available: https://ww2.arb.ca.gov/resources/documents/vision-
scenario-planning 
224 CARB GHG emissions inventory: https://ww2.arb.ca.gov/ghg-inventory-data 
225 Nunez, Chapter 488, Statutes of 2006. 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB32 
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Table 18 – System Scope and Geographic Boundary by Fuel Type 


Fuel 
Type Blendstocks System Scope 


Geographic 
Boundary 


GAS 


California 
Reformulated 
Gasoline 
Blendstock for 
Oxygenate 
Blending 
(CARBOB) 


Crude extraction and transportation 
(tanker truck and ocean-going-vessel), 
refinery, fuel transportation 
(heavy-duty trucks), and evaporative 
losses of fuel marketing 


GHG/Criteria 
Emission: in-state 
only 


Conventional 
ETOH Feedstock and fuel production 


GHG/Criteria 
Emission: in-state 
only 


Cellulosic ETOH Feedstock and fuel production 
GHG/Criteria 
Emission: in-state 
only 


CARBOB-Diesel 
Crude extraction and transportation, 
refinery, fuel transportation, and market 
loss 


GHG/Criteria 
Emission: in-state 
only 


DSL Biodiesel (BD) Feedstock and fuel production 
GHG/Criteria 
Emission: in-state 
only 


Renewable Diesel 
(RD) Feedstock and fuel production 


GHG/Criteria 
Emission: in-state 
only 


ELE CA-Grid Electricity 


Feedstock production (natural gas 
recovery), power generation, and 
system loss for transmission (7%) and 
charging (15%) 


GHG: emissions for 
in-state generation 
and import 
Criteria emission: 
in-state emission 
only 


HYD 


Hydrogen via 
steam methane 
reforming process 
(SMR) 


Feedstock and fuel production 
GHG/Criteria 
Emission: in-state 
only 


Renewable 
Hydrogen (via 
Electrolysis) 


Feedstock and fuel production 
GHG/Criteria 
Emission: in-state 
only 


CNG 


Renewable natural 
gas (RNG) from 
landfill gas (LFG) 


Feedstock and fuel production 
GHG/Criteria 
Emission: in-state 
only 
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Fuel 
Type Blendstocks System Scope 


Geographic 
Boundary 


RNG from dairy 
biogas Feedstock and fuel production 


GHG/Criteria 
Emission: in-state 
only 


Methodology 


Upstream WTT emission factors for each fuel type (𝐸𝐸𝐸𝐸𝑓𝑓𝑊𝑊𝑊𝑊𝑊𝑊) are determined by the mix of
blendstocks, the blendstock WTT emission factor, and the in-state production ratio, as 
follows: 


𝑊𝑊𝑊𝑊𝑊𝑊𝐸𝐸𝐸𝐸𝑓𝑓 = ∑ (𝑀𝑀𝑓𝑓𝑓𝑓 × 𝐸𝐸𝐸𝐸𝑓𝑓𝑓𝑓 × 𝑅𝑅𝑓𝑓𝑓𝑓 )(Equation 1)𝑓𝑓 


where: 


𝐸𝐸𝐸𝐸𝑓𝑓𝑊𝑊𝑊𝑊𝑊𝑊 represents the WTT emission factor for each fuel type (f)


𝑀𝑀𝑓𝑓𝑓𝑓 is the mix (%) for the blendstock (b) in the f fuel type 


𝐸𝐸𝐸𝐸𝑓𝑓𝑓𝑓 is the WTT emission factor for the blendstock or fuel pathway (b) in the f fuel type 


𝑅𝑅𝑓𝑓𝑓𝑓 is the in-state production ratio226 of emissions for the blendstock (b) in the f fuel 
type 


Blendstock Mix 


Each fuel type is comprised of different blendstocks, and it is these blendstocks that 
determine the emissions intensity of a given fuel. For example, the blendstocks for diesel fuel 
consumed in California (e.g. B5, B20…etc.) include fossil ultra-low sulfur diesel (ULSD), 
biodiesel (BD), and renewable diesel (RD). Blendstock mix (Mfb) is critical to formulate the 
WTT emission factor of a fuel type and may vary given changes in supply and demand. 


The following assumptions are used for determining blendstock mix. 


Liquid Fuels (DSL and GAS) 


• LCFS compliance scenario (low demand and low ZEV with 20 percent CI reduction)227 


is used for biofuel supply including ethanol, biodiesel, and renewable diesel through


226 Please refer to Table 19 for the emissions scope by fuel type. In most cases only the in-state contribution of a 
fuel’s upstream emissions are counted, with the exception of electricity. 
227 CARB, 2018. 2018 Amendments to the LCFS and ADF Regulations, Illustrative Compliance Scenario 
Calculator. https://www.arb.ca.gov/fuels/lcfs/2018-
0815_illustrative_compliance_scenario_calc.xlsx?_ga=2.155021808.917945968.1597354480-
1389483658.1577128071 
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2030. After 2030, BD and RD volumes are assumed to be constant at 500 mm gallon 
and 1.1 billion gallons annually respectively. 


• The supply of cellulosic ethanol (ETOH) after 2030 is held constant at 2030 levels (i.e.
125 mm gallon/yr). The ethanol fraction in California reformulated gasoline (CaRFG)
(i.e. E10) is consistent with the LCFS compliance scenario.


Electricity (ELE) 


• Only grid electricity is considered, while behind-the-meter renewable power for EV
chargers is excluded.


• Generation mix (including contracted imports) and unspecified import information is
obtained from the 2019 Renewable Energy Solutions (RESOLVE)228 model outputs for
the preliminary scenario run, “46MMT base 20191001 2045”, which is constrained by
the SB100 target in 2045.229 


Hydrogen (HYD) 


• The renewable hydrogen supply in the BAU scenario is assumed to be fixed at
35 percent after 2025 based on SB1505.230 


• The hydrogen supply in the scenario is assumed to be 60 percent by 2030 and
100 percent by 2045 according to the proposed SB662.231 


• It is also assumed 100 percent electrolytic hydrogen in California will utilize curtailed
renewable electricity as utilities procure more zero GHG generation to meet the
Renewable Portfolio Standard (RPS).


Compressed Natural Gas (CNG) 


• CNG is assumed to be 100 percent RNG starting in 2022, which is projected based on
historical LCFS reporting data.232 The supply of RNG from dairy biogas in the California
transportation fuel market reflects the LCFS compliance scenario (low demand and low
ZEV with 20 percent CI reduction), which is 24 percent of NG demand in 2030,


228 California Public Utilities Commission (CPUC), 2019. RESOLVE Model and Preliminary Results used for 2019 
IRP Portfolio Development. https://www.cpuc.ca.gov/General.aspx?id=6442462824 
229 SB 100 requires that 100 percent of retails sales of electricity come from Renewables Portfolio Standard-
eligible and zero-carbon resources by 2045. SB 100 does not define zero-carbon resources. An interagency 
effort is underway to evaluate potential paths to achieving the 2045 goal, and this process evaluates electricity 
generation technologies that could be eligible zero-carbon resources and will model potential resource mix 
scenarios for 2045. Refer to https://www.energy.ca.gov/sb100 for more information about this process. 


230 Lowenthal, Chapter 877, Statutes of 2006. 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=200520060SB1505 
231 Archuleta, SB-662 Energy: transportation sector: hydrogen.(2019-2020). 
http://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200SB662 
232 CARB, LCFS Quarterly Data Spreadsheet. 
https://ww3.arb.ca.gov/fuels/lcfs/dashboard/quarterlysummary/quarterlysummary_103020.xlsx 
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(76.56 mm DGE). Other feedstock supplying RNG, including landfill gas (LFG) and 
organic waste diversion are also considered in this analysis. 


Figure 55 below provides the resulting blendstock volumes for the five fuel types in the MSS 
Scenario. 


Figure 55 - Blendstock Volume by Fuel Type 
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In-State Production Ratio 


As discussed earlier, AB 32 defines statewide GHG emissions as the total annual GHG 
emissions in the state, including all GHG emissions from the generation of electricity 
delivered to and consumed in California.233 Therefore, a necessary step for estimating WTT 
emissions is identifying the in-state production ratio for each blendstock. 


The in-state production ratio for any given blendstock is calculated by dividing the in-state 
supply by the fuel demand and blend-mix. For example, while almost finished fuel products 
consumed in California are blended in-state, the majority of blendstocks or feedstock are 
produced and imported from other places. 


233 Nunez, Chapter 488, Statutes of 2006. 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB32 
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CaRFG is blended by ethanol and CARBOB, with 100 percent of CARBOB refined in-state 
from mostly imported crude oil, and nearly 87 percent of ethanol coming from outside 
California.234 


For crude oil, ethanol, and biodiesel the future in-state supply capacity is assumed to be set 
to 2019 levels, with 2019 capacity data from LCFS reporting data235 and US Energy 
Information Administration (US EIA).236 For RD, 100 percent in-state supply is assumed.237 


Electricity, when used as a transportation fuel, is assumed to be produced in California, while 
half of hydrogen demand is assumed to be produced in California starting in 2025.238 CNG is 
assumed to be 100 percent RNG by 2022 from various feedstocks including dairy manure, 
landfill gas, and organic waste diversion with a significant portion produced within 
California.239 It is also assumed that 10 percent of fossil natural gas produced in the State. 
Table 19 summarizes the assumptions for blendstocks or fuel pathways applied to all 
scenarios including BAU. 


234 CARB, LCFS Dashboard: Share of Liquid Biofuels Produced In-State by Volume 2019. 
http://ww3.arb.ca.gov/fuels/lcfs/dashboard/figure10_053120.xlsx; 
235 CARB, LCFS Dashboard: Major Sources of Crude Supplied to California 2019. 
http://ww3.arb.ca.gov/fuels/lcfs/dashboard/crude.xlsx; CARB, LCFS Dashboard: Share of Liquid Biofuels 
Produced In-State by Volume 2019. http://ww3.arb.ca.gov/fuels/lcfs/dashboard/figure10_053120.xlsx. 
236 US EIA, 2019. U.S. Fuel Ethanol Plant Production Capacity. 
https://www.eia.gov/petroleum/ethanolcapacity/index.php; US EIA, 2020. Monthly Biodiesel Production Report. 
https://www.eia.gov/biofuels/biodiesel/production/ 
237 Three refineries in California recently announced their plans for RD production/expansion. 
https://adi-analytics.com/2020/02/10/regulations-to-drive-u-s-renewable-diesel-capacity-growth-through-2025/ 


https://www.mercurynews.com/2020/08/08/marathon-refinery-closure-could-signal-big-transition-for-area-
refineries/#:~:text=Meanwhile%2C%20Marathon%20is%20exploring%20a,per%2Dday%20renewable%20diesel 
%20operation. 
https://www.mercurynews.com/2020/08/08/marathon-refinery-closure-could-signal-big-transition-for-area-
refineries/#:~:text=Meanwhile%2C%20Marathon%20is%20exploring%20a,per%2Dday%20renewable%20diesel 
%20operation. 
238 Air Liquide, 2019. Air Liquide committed to producing renewable hydrogen for the West Coast mobility 
market with new liquid hydrogen plant. https://www.airliquide.com/united-states-america/air-liquide-
committed-producing-renewable-hydrogen-west-coast-mobility-market. 
239 In-state RNG production capacity considers a recent study. According to the study there will be 160 facilities 
in California which are capable of producing nearly 119 mm DGE RNG annually (including 43.56 mm DGE from 
dairy biogas) by January 1, 2024. Cliff Gladstein and Patrick Couch, Gladstein Neandross & Associates (GNA) 
(2020) An Assessment: California’s In-state RNG Supply for Transportation 2020-2024. 
https://cdn.gladstein.org/pdfs/whitepapers/report-assesment-california-in-state-rng.pdf 
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Table 19 - In-State Production Ratios by Fuel Type and Blendstock 


Fuel 
Type 


Blendstocks/ 
Pathways Assumptions Data source 


GAS 


CARBOB 
Import fraction of crude oil fixed at 2019 
level (73%) and 100% CARBOB produced in-
state 


LCFS 


Conventional 
ETOH 


Capped at 2019 level of CA supply from EIA 
(230 mm gallon/yr) 


EIA 


Cellulosic 
ETOH 


Capped at maximum in-state supply from 
LCFS data (1.4 mm gallon/yr) 


LCFS 


DSL 


CARBOB-
Diesel 


Import fraction of crude oil fixed at 2019 
level (73%) and 100% CARBOB produced in-
state 


LCFS 


Biodiesel (BD) 
Capped at 2019 level of CA supply from EIA 
(85 mm gallon/yr) 


EIA 


Renewable 
Diesel (RD) 


100% RD produced in-state 
Industrial 


News 


ELE 
CA-Grid 


Electricity 
100% (AB 32 boundary) AB 32240 


HYD 


Fossil SMR 
Hydrogen 


50% produced in CA. The feedstock, fossil 
NG, is assumed 10% in-state produced. 


Assumption 


Renewable 
Hydrogen (via 
Electrolysis) 


50% produced via renewable power in CA Assumption 


CNG 


RNG (LFG) 
Capped at 2024 level of CA in-state capacity 
(75.44 mm DGE) 


Study241 


RNG (Dairy 
biogas) 


Capped at 2024 level of CA in-state capacity 
(43.56 mm DGE) 


Study 


Fossil NG 10% fossil NG produced in State Assumption 


240 https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB32 
241 Air Liquide, 2019. Air Liquide committed to producing renewable hydrogen for the West Coast mobility 
market with new liquid hydrogen plant. https://www.airliquide.com/united-states-america/air-liquide-
committed-producing-renewable-hydrogen-west-coast-mobility-market. 
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WTT EF for each Blendstock 


WTT emission factors for each blendstock (EFfb) are synthesized from a variety of sources and 
studies242,243 as shown in Table 20 below. In general, the WTT GHG emission factors for each 
blendstock comes from the LCFS compliance scenario tool or average CI of current certified 
pathways, with the exception of CARBOB, electricity, and renewable hydrogen. 


Upstream emissions for electricity are determined by generation mix and imports to the grid 
supplying California from the RESOLVE model. This annual generation mix data is then 
imported to CAGREET 3.0 to calculate the annual average emission factors, including 
emissions at power plants, natural gas extraction, processing, and delivery. Criteria emission 
factors for electricity generation are developed based on California Emission Inventory 
Development and Reporting System (CEIDARS), and applied to the total mix of generators 
located in California. 


Hydrogen is assumed to be supplied from two sources, fossil hydrogen through SMR with 
fossil natural gas and electrolytic hydrogen using renewable power. The WTT GHG emission 
factor for SMR hydrogen includes emissions from hydrogen production processes and 
feedstock production (recovery of fossil natural gas). Criteria emission factors for SMR were 
developed based on CARB’s CEIDARS database. Electrolytic hydrogen from renewable 
power is assumed to have an emission rate of zero. 


242 Sun et al (2019) Criteria Air Pollutant and Greenhouse Gases Emissions from U.S. Refineries Allocated to 
Refinery Products, Environ. Sci. Technol. 2019, 53, 11, 6556–6569, DOI: 10.1021/acs.est.8b05870 
243 D. L. Jones (2010) Potential Air Emission Impacts of Cellulosic Ethanol Production at Seven Demonstration 
Refineries in the United States, Journal of the Air & Waste Management Association, 60:9, 1118-1143, DOI: 
10.3155/1047-3289.60.9.1118 
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Table 20 - Data Sources for Determining WTT EFs of Blendstocks 


Fuel 
Type 


Blendstocks/ 
Pathways GHG EFs Criteria EFs 


GAS 


CARBOB 


Crude Oil: Oil Production 
Greenhouse gas Emissions 
Estimator (OPGEE) model 
data244 


Refinery: Argonne National 
Laboratory (ANL) update245 


T/D: Emission FACtors 
model (EMFAC) 2017246 


Crude Oil: CAGREET3.0247 


Refinery: ANL update 
T/D and marketing: 
California Emission 
Projections and Analysis 
Model (CEPAM) database248 


Conventional 
ETOH 


Compliance scenarios from 
LCFS rulemaking 
documents249 


Feedstock: CAGREET3.0 
Fuel production: CEIDARS 


GAS Cellulosic ETOH 
Compliance scenarios from 
LCFS rulemaking 
documents250 


Feedstock: CAGREET3.0 
Fuel production: 
Literature251 


CARBOB-Diesel 
Crude Oil: OPGEE model 
Refinery: ANL update 
T/D: EMFAC 


Crude Oil: CAGREET3.0 
Refinery: ANL update 
T/D and marketing: CEPAM 


DSL Biodiesel (BD) 
Compliance scenario from 
LCFS rulemaking documents 


Feedstock: CAGREET3.0 
Fuel production: 
CAGREET3.0 


Renewable Diesel 
(RD) 


Compliance scenario from 
LCFS rulemaking documents 


Feedstock: CAGREET3.0 
Fuel production: 
CAGREET3.0 


244 CARB, 2019. Calculation of 2019 Crude Average Carbon Intensity Value. 
https://ww2.arb.ca.gov/sites/default/files/classic//fuels/lcfs/crude-oil/2019_crude_average_ci_value_final.pdf 
245 ibid. footnote 242 
246 CARB, 2017. EMission FACtor (EMFAC). https://arb.ca.gov/emfac/ 
247 CARB, 2019. CA-GREET3.0 Model. Available: https://www.arb.ca.gov/fuels/lcfs/ca-greet/ca-greet30-
corrected.xlsm?_ga=2.247817287.1944131420.1600710547-1389483658.1577128071 
248 CARB, 2018. CEPAM: 2016 SIP - Standard Emission Tool. 
https://arb.ca.gov/app/emsinv/fcemssumcat/fcemssumcat2016.php 
249 CARB, 2019. Low Carbon Fuel Standard Amendments 2019. 
https://ww2.arb.ca.gov/rulemaking/2019/lcfs2019 
250 The CI values for ethanol in the Illustrative Compliance Scenario assumed that eventually all ethanol 
consumed in California is produced with CCS. For a conservative estimate, we use the CI value without CCS 
credits as we assume all CCS projects located outside of California. 
251 ibid. footnote 243 
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Fuel 
Type 


Blendstocks/ 
Pathways GHG EFs Criteria EFs 


ELE 
CA-Grid 
Electricity 


RESOLVE’s outputs with 
CAGREET3.0 EFs 


RESOLVE’s outputs with EFs 
developed based on 
CEIDARS 


HYD 
Fossil SMR 
Hydrogen 


Feedstock: CAGREET3.0 
Fuel production: 
CAGREET3.0 


Feedstock: CAGREET3.0 
Fuel production: CEIDARS 


RNG (LFG and 
Others) 


Weighted average CI of 
pathways with LFG, high 
solids anaerobic digestion 
(HSAD), and wastewater 
sludge as feedstock 
(29 gCO2e/MJ) 


USEPA biogas study252 


(assuming 70% recovery) 


CNG 
RNG (Dairy 
biogas) 


Average CI of pathways in 
CA with dairy manure as 
feedstock (-331 gCO2e/MJ) 


USEPA biogas study 
(assuming 85% recovery) 


Fossil NG 


Average CI of certified 
pathway with North 
American NG as feedstock 
(80 g CO2e/MJ) 


Feedstock: CAGREET3.0 
Fuel production: 
CAGREET3.0 


252Williams, R., C. Ely, T. Martynowicz, AND Mike Kosusko. Evaluating the Air Quality, Climate and Economic 
Impacts of Biogas Management Technologies. U.S. Environmental Protection Agency, Washington, DC, 
EPA/600/R-16/099, 2016. https://nepis.epa.gov/Exe/ZyPDF.cgi/P100QCXZ.PDF?Dockey=P100QCXZ.PDF 
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201 


Figure 56 - WTT GHG EFs by Fuel Type255 


255The previous figure and associated footnote utilized an accounting method for dairy biogas that included 
avoided methane emissions and spoke to potential changes to the treatment of avoided dairy methane 
emissions in the middle of this decade.  Any changes would be speculative and are not currently proposed to 
happen. For better comparability with our GHG inventory, we have clarified the figure with a dotted line 
showing the effect of avoided methane emissions in this accounting and separately showing the emission factor 
from natural gas development and distribution, thereby providing better comparability with our primary data 
set to track progress towards achieving our statewide targets.  In our GHG inventory, there is no accounting for 
avoided methane emissions for any source.  
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Keywords: 
Brake wear 
Tire wear 
Source profile 
Source apportionment 
Hybrid environmental receptor model (HERM) 


A B S T R A C T   


As the importance of non-tailpipe particles (NTP) over tailpipe emissions from urban traffic has been increasing, 
there is a need to evaluate NTP contributions to ambient particulate matter (PM) using representative source 
profiles. The Brake and Tire Wear Study conducted in Los Angeles, California in the winter of 2020 collected 64 
PM2.5 and 64 PM10 samples from 32 pairs of downwind-upwind measurements at two near-road locations (I-5 in 
Anaheim and I-710 in Long Beach). These samples were characterized for inorganic and organic markers and, 
along with locally-developed brake wear, tire wear, and road dust source profiles, subject to source appor-
tionment using the effective-variance chemical mass balance (EV-CMB) model. Model results highlighted the 
dominance of resuspended dust in both PM2.5 (23–33%) and PM10 (32–53%). Brake and tire wear contributed 
more to PM2.5 than tailpipe exhausts (diesel + gasoline) for I-5 (29–30% vs. 19–21%) while they were com-
parable for I-710 (15–17% vs. 15–19%). For PM10, the brake and tire wear contributions were 2–3 times the 
exhaust contributions. Different fleet compositions on and near I-5 and I-710 appeared to influence the relative 
importance of NTP and exhaust sources. The downwind-upwind differences in source contributions were often 
insignificant, consistent with small and/or nearly equal impacts of adjacent highway traffic emissions on the 
downwind and upwind sites. The utility of sole markers, such as barium and zinc, to predict brake and tire wear 
abundances in ambient PM is evaluated.   


1. Introduction 


Elevated pollutant concentrations in near-road environments have 
been a concern for health effects and disparity (Clark et al., 2017; 
Rowangould, 2013). Epidemiologic studies have linked vehicular 
emissions to health burdens, such as increased asthma attacks, cardiac 
and pulmonary diseases, impaired lung function, and low birth weights 
(Brandt et al., 2014; Brugge et al., 2007; Ghosh et al., 2016; HEI, 2022). 
Regulatory efforts by air quality agencies globally have resulted in 
decreasing tailpipe emissions over the years, but non-tailpipe emissions, 
such as brake and tire wear particles, are not affected by these efforts 


(Harrison et al., 2021). Battery electric vehicles, which are gaining 
market penetration, achieve zero tailpipe emissions but potentially 
generate higher brake and tire wear emissions than conventional vehi-
cles due to their heavier weights (Beddows and Harrison, 2021; Timmers 
and Achten, 2016). Thus, the importance of non-tailpipe particles (NTP) 
to ambient particulate matter (PM) increases (Amato et al., 2014; Denier 
van der Gon et al., 2013). The statewide California Air Resources 
Board’s emission inventory (California Air Resources Board, 2021) es-
timates that brake and tire wear have exceeded tailpipe in PM2.5 (par-
ticles with aerodynamic diameters ≤2.5 μm) emissions since 2020. This 
is of concern since brake and tire particles have higher metal contents, 
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possibly resulting in higher toxicity and adverse health outcomes for 
traffic-impacted communities. 


Brake wear resulting from abrasion of brake pads and rotors contains 
trace metals such as iron (Fe), manganese (Mn), copper (Cu), titanium 
(Ti), zinc (Zn), antimony (Sb), and barium (Ba) (Pant and Harrison, 
2013). Rubber polymers, their derivatives, and carbon black dominate 
tire wear, while Zn and benzothiazoles are often used as tire wear 
markers (Klöckner et al., 2019; Pant and Harrison, 2013; Wik and Dave, 
2009). Zinc oxide, organozinc compounds, and benzothiazoles are 
added to tire tread during the vulcanization process. Tire wear particles 
can contain polycyclic aromatic hydrocarbons (PAHs) and n-alkanes, 
likely created through volatilization during contact of the tire tread with 
road surfaces and subsequent condensation into the particle phase 
(Aatmeeyata and Sharma, 2010; Baensch-Baltruschat et al., 2020). NTP 
may also include resuspended road dust/wear which is rich in mineral 
elements such as silicon (Si), aluminum (Al), and calcium (Ca). 
Compared to tailpipe exhaust particles that are primarily submicron in 
size, NTP markers are found in both fine- and coarse-mode particles 
(Harrison et al., 2012; Lin et al., 2015; Lough et al., 2005). 


Quantifying NTP contributions to fine- (PM2.5) and coarse-mode 
(PM10 and PM10-2.5: particles with aerodynamic diameters ≤10 μm 
and between 2.5 and 10 μm, respectively) remains a challenge. Harrison 
et al. (2012) estimated brake wear, tire wear, and road dust contribu-
tions to size-segregated PM using Ba, Zn, and Si as markers and assuming 
brake-wear/Ba, tire-wear/Zn, and dust/Si mass ratios of 91, 50, and 3.6, 
respectively. This approach doesn’t take into account that Zn can result 
from both brake and tire wear whereas there are possibly other sources 
of Ba, Zn, and/or Si in the study area. Factor analysis models such as 
principle component analysis (PCA) and positive matrix factorization 
(PMF) sought to discern NTP factor(s) in a multivariate dataset that 
contains major markers (Amato et al., 2011; Fabretti et al., 2009; Jalali 
Farahani et al., 2022; Lawrence et al., 2013). However, temporal cor-
relations among NTP and tailpipe emissions often cause them to mix into 
single factor(s), thus biasing the source apportionment (Chen et al., 
2010a). Despite of the uncertainty, NTP were found to rival exhaust 
particles in their abundances, particularly in urban PM10 and PM10-2.5 
(Harrison et al., 2021). 


With a high population density and heavy traffic, elevated air 
pollution levels in the Los Angeles metropolitan region of southern 
California have been well documented. Hasheminassab et al. (2014a,b) 
attributed long-term PM2.5 concentrations to vehicular emissions, sec-
ondary nitrate, secondary sulfate, soil, aged sea salt, fresh sea salt, and 
biomass burning, with vehicular emissions accounting for ~20% of 
PM2.5 for the period of 2002–2013. NTP were not resolved in that study, 
though they were likely incorporated into vehicular emissions and/or 
soil factors. Habre et al. (2021) identified similar sources across Los 
Angeles in 2008–2009, but attributed 11% and 21% of PM2.5 to NTP 
(brake + tire) and exhaust particles, respectively, and 18% of PM10-2.5 to 
NTP (brake + tire). A more recent study (Jalali Farahani et al., 2022) 
near Los Angeles highways found similar contributions of NTP (brake +
tire) and exhaust particles to PM10, at 16% and 26%, respectively. 


To further understand real-world non-tailpipe emissions and con-
tributions to exposure, PM2.5 and PM10 were sampled downwind and 
upwind of two major highways in Los Angeles during the winter of 2020 
and subsequently analyzed for elemental and organic compositions 
(Lopez et al., 2023; Wang et al., 2023). These data were used in the 
effective variance-chemical mass balance (EV-CMB) model with explicit 
brake and tire wear source profiles to obtain source contribution esti-
mates. The results add to literature and emission inventories that 
highlight the importance of NTP in urban air pollution while informing 
regulatory strategies needed to attain ambient air quality standards. 


2. Materials and methods 


2.1. PM2.5 and PM10 data 


Time-integrated PM2.5 and PM10 samples were collected near high-
way I-5 in Anaheim and near highway I-710 in Long Beach (Fig. 1) over 
a two-week period. I-5 and I-710 are paved with concrete and asphalt, 
respectively. On-site traffic counts during the tests indicated ~95% 
light-duty vehicles (LDV) and 5% heavy-duty vehicles (HDV) on I-5, 
representative of a typical southern California highway fleet, and ~90% 
LDV and 10% HDV on I-710, consistent with goods movement to and 
from the Ports of Long Beach and Los Angeles (Wang et al., 2023). 


Sampling occurred simultaneously on both sides of each highway 
and as close as logistically possible to the highway, i.e., <30 m from the 
nearest traffic lane except for the upwind I-710 site (~100 m from the 
nearest lane). Samples were acquired using DRI medium-volume 
sequential samplers (Chow et al., 1993) each day from 0600 to 1000 
local standard time (LST) to represent morning rush hours, 1000 to 1400 
LST for midday traffic, and 1400 to 1800 LST for evening rush hours. 
The sampling flow rate was 37.7 L/min. A total of 64 PM2.5 and 64 PM10 
samples from 32 pairs (18 at Anaheim and 14 at Long Beach) of 
downwind/upwind measurements were available for subsequent 
chemical analysis. 


Each sample set was characterized for PM2.5 or PM10 mass, 51 ele-
ments, water soluble cations and anions such as sodium (Na+), potas-
sium (K+), sulfate (SO4


2− ) and nitrate (NO3
− ), as well as organic carbon 


(OC), elemental carbon (EC), and thermal carbon fractions (OC1-OC4, 
OP, EC1-EC3). Non-polar organic speciation included PAHs, alkanes, 
alkenes, hopanes, steranes, and phthalates that are common combustion 
markers (Ambade et al., 2023; Fadel et al., 2021; Kumar et al., 2020). 
Tire markers such as benzothiazole and its derivatives, as well as ther-
mal decomposition fragments of rubber (styrene, butadiene, etc.), were 
also analyzed. Wang et al. (2023) documents the analytical methods and 
quality assurance/control in detail. 


2.2. Receptor modeling 


The EV-CMB- model (Watson et al., 1984) was employed to quantify 
source-specific contributions to PM2.5 and PM10 by solving: 


Cit =
∑J


j=1
FijSjt (1)  


where Cit is the measured concentration of species i in PM2.5 or PM10 at 
time t, Fij is the fraction of species i in source profile j, and Sjt is the 
contribution of source j at time t. To achieve valid results, source profiles 
should be representative of emissions typical of the times and locations 
of the receptor samples. The source contribution estimates (SCEs), Sjt, 
were calculated by the Hybrid Environmental Receptor Model (HERM) 
software using an iterative method (Chen and Cao, 2018; Chen et al., 
2021) to minimize the chi-square: 


χt
2 =


1
I − J


∑I


i=1


(


Cit −
∑J


j=1
FijSjt


)2


EVit
(2)  


where I and J indicate number of species and sources, respectively, in 
the model and EVit is the effective variance due to uncertainties in both 
measured ambient concentrations (σCit ) and source profiles (σFij ): 


EVit = σ2
Cit


+
∑J


j=1
σ2


Fij
S2


jt (3) 


As recommended by Watson (2004) and Chen et al. (2010b, 2012), 
sensitivity tests should be performed on selected sample(s) to evaluate 
how different combinations of source profiles and species affect SCEs 
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and model fitting performance. An acceptable solution requires percent 
mass (%mass) explained between 80 and 120, correlation (r2) > 0.8, and 
chi-square (χ2) < 4. In addition, the modified pseudo-inverse normalized 
(MPIN) matrix indicates the most influential species (e.g., with MPIN 
values > 0.4) for each source type. Five to ten different source combi-
nations are typically attempted until the best solution, in terms of 
EV-CMB performance measures and the MPIN criteria, are attained. 
Uncertainties of the final SCEs (i.e., σSjt ) are estimated by 


σSjt
2 = d


(
F′( dEVii,t


)− 1F
)− 1


jj
× χt


2 (4)  


where d indicates the diagonal matrix operation. The uncertainties take 
into account the measurement precision, profile variability, and model 
goodness of fit. 


2.3. Source profiles 


Source profiles assembled for southern California are listed in sup-
plemental Table S1. As part of this study, four dust samples were 
collected near the monitoring sites to develop local fine (PM2.5) and 
coarse (PM10) dust profiles (Wang et al., 2023). These profiles are best 
characterized as “Resuspended Dust”, as they can contain road and 
windblown dust, local soil, as well as other geological material. To 
examine the mass closure, reconstructed mass (RM) was calculated for 
these profiles following Malm and Day (2000): RM = 4.125 × [Sulfur 
(S)] + 1.29 × [NO3


− ] + 1.4 × [OC] + [EC] + [Crustal Material] + [Trace 
Elements], where Crustal Material equals 2.2 × [Al] + 2.49 × [Si] +
1.63 × [Ca] + 1.94 × [Ti] + 2.42 × [Fe] and Trace Elements include all 
elements except S, Al, Si, Ca, Ti, and Fe. Crustal Material ranged 20–34% 
of the fine mass and 41–62% of the coarse mass. In general, fine dust 
exhibited a lower mass closure in terms of the RM/PM mass ratio 
(47–61%) than coarse dust (60–92%). The best mass closure was found 
for the PM10 dust collected downwind of I-5. Four composite dust pro-
files were further calculated from the individual profiles (Table S1) 
following Chow et al. (2003). 


Brake dust samples were collected from laboratory experiments and 
analyzed for chemical composition as part of the California Regional 
Particulate Air Quality Study (CRPAQS, see Fitz et al. (2004)). Mass 
fractions of Fe, Ba, Mn, and Cu, known brake wear markers, were found 


to be 20–66%, 3–13%. 0.2–0.6%, and 0.04–0.08%, respectively, in the 
brake PM2.5. A recent inertial dynamometer study (Agudelo et al., 2020) 
examined brake wear PM10 compositions from six light-duty vehicles 
using a test cycle typical of that followed in California. The results were 
composited into four brake source profiles reflecting different brake pad 
materials and positions (Table S1). The mass fractions of Fe, Ba, Mn, and 
Cu in these profiles are 11–47%, 1–11%, 0.1–0.7%, and 0.04–4.9%, 
respectively, with two brake profiles showing much higher Cu contents 
(4.9% and 1.7%) than observed in CRPAQS. 


CRPAQS also reported two tire wear profiles, which are dominated 
by OC and EC and contain elevated levels of Fe (18–22%), Zn (2–3%), Si 
(3%), Al (2–3%), Ca (2%), and Cu (1–2%). Such levels of crustal ele-
ments, especially Fe, in tire wear are not expected. As part of this study, 
tire wear particles without size segregation were collected from a 
dynamometer test of Michelin and Cooper tires (Wang et al., 2023). This 
produced two tire wear profiles that are also dominated by OC and EC 
(>75%). The two tire profiles differ the most for the Si abundance (0.6% 
for Michelin versus 6% for Cooper), while the Fe, Zn, Al, Ca, and Cu 
fractions range 0.1–0.2%, 0.5–1%, 0.04–0.2%, 0.07–0.1%, and 
0.003–0.004%, respectively. Zn appears to be a consistent marker for 
tire wear, whereas other species abundances are more variable 
compared to the CRPAQS profiles. 


Since tailpipe exhaust profiles were not developed specifically for 
this study, those acquired for the National Renewable Energy Laboratory 
Gas/Diesel Split Study (Fujita et al., 2007a, 2007b) were used. The 
Gas/Diesel Split Study measured PM2.5 emissions from 59 light-duty 
(including 57 gasoline- and 2 diesel-fueled vehicles) and 30 medium- 
and heavy-duty diesel-fueled vehicles. It was conducted at a grocery 
distribution center in Riverside, CA, during the summer and winter of 
2001 using a constant volume sampling system. Profiles developed from 
that study include low emitters, high emitters, and black carbon (BC) 
emitters for gasoline vehicles under cold and warm start conditions, as 
well as medium-duty and heavy-duty diesel vehicles under city and 
highway driving cycles. These profiles are more recent and contain full 
organic speciation (except for alkanes). Its gasoline and diesel composite 
profiles (GAS and DIESEL) have been successfully applied to PM2.5 
source apportionment for California and Nevada fleets (Chen et al., 
2012; Chow et al., 2007). 


In addition to NTP and engine exhaust profiles, secondary nitrate and 


Fig. 1. Near I-5 and I-710 sampling sites in Los Angeles, California during the winter 2020 campaign. Average HDV and LDV fractions for the northbound and 
southbound traffic are indicated. This map derives from Google Maps. 


L.-W.A. Chen et al.                                                                                                                                                                                                                             







Environmental Pollution 335 (2023) 122283


4


sulfate were represented by pure ammonium nitrate (NH4NO3) and 
ammonia sulfate ([NH4]2SO4) profiles, respectively, in the EV-CMB 
modeling. Previous studies show that sea salt, biomass burning, indus-
trial emissions, and secondary organic aerosol (SOA) may also 
contribute to Los Angeles PM (Habre et al., 2021; Hasheminassab et al., 
2014; Jalali Farahani et al., 2022). Given the highway-dominated 
sampling locations, absence of wildfire smoke, and low atmospheric 
oxidation capacity during the sampling period, these sources were not 
considered in the EV-CMB analysis. The usual chemical markers for 
biomass burning (K and K+) and sea salt (Na+ and Cl− ) were excluded 
from the fitting species. Important NTP and engine exhaust markers 
were among the fitting species: 1) Al, Si, Ti, and Ca for road dust; 2) Fe, 
Ba, Mn, Cu, and Sb for brake wear; 3) Zn, OC, and phthalates for tire 
wear; 4) EC and hopanes for diesel engine exhaust; 5) PAHs such as 
indeno[1,2,3,cd]pyrene, benzo[g,h,i]perylene, and coronene for gaso-
line engine exhaust; and 6) sulfur (S) and NO3


− for secondary inorganics. 
OC fractions (OC1-OC4) were also included. Although both motor 
vehicle exhaust and tire wear are dominated by organic matter, they can 
differ significantly in their OC fractions. 


3. Results and discussion 


3.1. Sensitivity tests 


Sensitivity tests evaluate the performance of different source profile 
combinations in terms of r2, χ2, and %mass. To create a sample that is 
suitable for the sensitivity test, upwind concentrations at the I-5 site 
were subtracted from the corresponding downwind concentrations so 
that the differences could be fully attributed to traffic-related emissions 
including: 1) brake wear, 2) tire wear, 3) road dust, and 4) tailpipe ex-
hausts. Since wind directions varied from time to time, here the down-
wind and upwind samples for each specific period were designated as 
the one with higher and lower reconstructed mass, respectively. Some-
times the differences between downwind and upwind concentrations 
were insignificant (i.e., within the measurement uncertainties). To 
improve the signal-to-noise ratio, the 18 downwind-upwind-difference 
compositions were further averaged to produce the chemical profile 
shown in Fig. 2(a) for the sensitivity tests. 


Sensitivity test results are shown in Tables S2 and S3. Inclusion of 
any single brake profile led to poor fits (low r2 and high χ2) for both 
PM2.5 and PM10, likely due to the wide range of brake PM chemical 


Fig. 2. Chemical compositions of: (a) ambient samples and (b)–(d) optimal source profiles derived from sensitivity tests. The ambient samples were derived from the 
downwind-upwind differences of I-5 near-road measurements. MA: mass; INCDYP: indeno[1,2,3,cd]pyrene; BGHIPE: benzo[g,h,i]perylene; CORONE: coronene; 
hop17: αβ-norhopane (C29αβ-hopane); hop19: αβ-hopane (C30αβ -hopane); hop26: 22 S-trishomohopane (C33); DEPHTH: diethyl phthalate; and BBPHTH: butyl 
benzyl phthalate. 
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compositions within the fleet. A combination of two brake profiles, 
BRAKE_C (low Cu) and BRAKE_D (high Cu), achieved the optimal fitting 
performance. These two brake profiles differ mostly by their Cu and Ti 
abundances relative to Fe, with ratios of 1.2 × 10− 3 and 8.8 × 10− 5 in 
BRAKE_C, respectively, compared with 0.33 and 0.34 in BRAKE_D. 


For PM2.5, using dust profiles representative of local fine dust par-
ticles all produced %mass well above 120 while using dust profiles 
representative of coarse dust particles (i.e., PM10) produced more 
reasonable %mass. This is consistent with the lower mass closure in the 
fine dust profiles (47–61%). Overall, a PM10 dust profile originating 
from I-5 downwind (CCDust, with a mass closure of 92%) led to the best 
fitting performance. Alternating different tire, gasoline exhaust, and/or 
diesel exhaust profiles resulted in minor changes to SCEs. Fig. 2(b)–(d) 
show the final selected combination, which contains an individual tire 
profile (COTIRE), a composite gasoline exhaust profile (GAS), and a 
composite diesel exhaust profile (DIESEL), in addition to BRAKE_C, 
BRAKE_D, and CCDust. This combination led to r2, χ2, and %mass of 
0.94, 0.78, and 102, respectively, for PM2.5 (Table S2), while it also 
produced a good fit for PM10 with a lower %mass at 84 (Table S3). 
Although a better %mass in PM10 could be achieved by replacing CCDust 
with a composite dust profile (MCDust), this was at the expense of r2. 
The same source profile combination was eventually applied to PM2.5 
and PM10 samples for consistency. 


The EV-CMB MPIN values are normalized such that they range from 
− 1 to 1. Species with MPIN values of 0.4–1 are considered influential 
species for a specific source. The MPIN matrices for the selected model 
inputs (Table S4-S5) indicate that the most important BRAKE_C marker 
is Fe, followed by Ba while the BRAKE_D contribution is influenced most 
by Ti and Cu. For tire wear, the most influential markers are OC3 and Zn, 
followed by OC and diethyl phthalate (DEPHTH). As expected, the 
CCDust SCE is influenced by Si and Ca. Three PAH species, indeno[1,2,3, 
cd]pyrene (INCDPY), benzo[g,h,i]perylene (BGHIPE), and coronene 
(CORONE) are highlighted for gasoline exhaust while EC and C29αβ- 
hopane (hop17) mark diesel exhaust. These findings are consistent with 
known source characteristics. 


3.2. Source contribution estimates 


Using the EV-CMB model established by the sensitivity tests, along 
with AMNIT and AMSUL to account for secondary nitrate and sulfate, 
respectively, in the background air, SCEs for PM2.5 and PM10 at the I-5 
downwind and upwind sites were determined (Figure S1). Performance 
measures attained the guideline of r2 > 0.8 and χ2 < 4 for 29 of the 36 
PM2.5 samples and all of the 36 PM10 samples. Due to the exclusion of 
sources such as sea salt, biomass burning, and SOA, %mass tended to be 
< 100. The source apportionment for the I-710 samples (Figure S2) used 
the same source combination as for I-5, except that CCDust was replaced 


with AQDust from I-710 resuspended dust. Satisfactory performance 
measures (r2 > 0.8 and χ2 < 4) were achieved for all of the 28 PM2.5 
samples and 20 of the 28 PM10 samples near I-710. Lower performance 
measure values for some samples led to higher SCE uncertainties. 


Table 1 compares mean SCEs for I-5 and I-710. These contributions 
resulted not only from traffic on the adjacent highways but also from 
emissions incorporated into the urban background. Resuspended dust 
was found to dominate and contribute significantly more to PM10 than to 
PM2.5 (p < 0.05). The contributions of brake wear and tire wear were 
also higher in PM10, but the differences between PM2.5 and PM10 were 
not significant due to large standard errors in the SCEs. Brake_C (low 
copper) exceeded Brake_D (high copper) for I-5, but the reverse was true 
for I-710, likely reflecting different fleet mixes. The downwind-upwind 
differences of NTP (brake wear, tire wear, and road dust) contributions 
were small, although the downwind sites generally observed higher 
values, especially at I-5. As noted, the nominal downwind sites (Fig. 1) 
were not always downwind due to wind directions changing throughout 
the day (Lopez et al., 2023; Wang et al., 2023). 


For gasoline and diesel exhausts, similar contributions were found 
between PM2.5 and PM10 (p > 0.05), consistent with the dominance of 
fine particles in tailpipe emissions. The downwind-upwind differences 
were also insignificant. Diesel contributions appeared higher at I-710 
(1.75–1.92 μg m− 3) than at I-5 (1.13–1.48 μg m− 3) while the gasoline 
contributions to PM2.5 were higher at I-5 (0.61–0.77 μg m− 3) than at I- 
710 (0.26–0.31 μg m− 3). The higher fraction of HDV, mostly diesel- 
fueled, on I-710 did not lead to more brake (Brake_C + Brake_D) and 
tire wear contributions to PM2.5 and PM10 (Table 1). More frequent 
congestion and a generally slower traffic speed near the I-710 segment 
(Wang et al., 2023) might explain the observation. 


Secondary ammonium nitrate was more abundant at I-710 than at I- 
5, consistent with higher NOx emissions from HDV, while secondary 
ammonium sulfate appeared to be uniform across the study area. The 
high concentrations of nitrate and sulfate in PM10 (Table 1) are attrib-
uted to displacement of chloride in coarse sea salt by NO3


− and SO4
2− and 


the reactions of NO3
− and SO4


2 with mineral dust (Wang et al., 2023). 


3.3. NTP vs. exhaust fractions 


For the I-5 sites, resuspended dust accounted for 26–33% and 
50–53% of PM2.5 and PM10 mass, respectively (Fig. 3). The dust fractions 
were higher than those often found at Los Angeles urban sites (e.g., 
Hasheminassab et al., 2014), likely reflecting the near-road microenvi-
ronment. For PM2.5, the brake and tire fractions (brake + tire = ~30%) 
exceeded the exhaust fractions (diesel + gasoline = ~20%). The unac-
counted mass was minor (2–7%). For PM10, the brake and tire fractions 
(brake + tire) were ~15%, more than twice the exhaust fractions (diesel 
+ gasoline) of ~6%. This is consistent with the higher amounts of NTP in 


Table 1 
Mean and standard error of source contribution estimates (SCEs in μg m− 3) for PM2.5 and PM10 measured at I-5 and I-710 downwind/upwind sites.   


Anaheim (I-5) Long Beach (I-710) 


Downwind Upwind Downwind Upwind 


PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 


# of Data 18 18 18 18 14 14 14 14 
Total Mass 10.9 32.5 9.6 28.5 14.4 31.9 11.0 30.4 
Res. Dusta 3.60 ± 0.57 17.1 ± 1.44 2.50 ± 0.47 14.4 ± 1.30 3.39 ± 0.29 10.3 ± 1.36 2.50 ± 0.29 10.5 ± 1.39 
Brake_Cb 1.44 ± 0.96 2.10 ± 1.26 1.21 ± 0.90 1.76 ± 1.29 0.40 ± 0.22 1.23 ± 1.17 0.34 ± 0.19 0.93 ± 1.10 
Brake_Db 0.54 ± 0.36 1.18 ± 0.61 0.34 ± 0.31 0.68 ± 0.55 0.74 ± 0.34 1.81 ± 1.39 0.55 ± 0.33 1.97 ± 1.63 
Tire Wear 1.28 ± 0.73 2.01 ± 1.10 1.21 ± 0.70 1.60 ± 0.99 1.05 ± 0.42 1.84 ± 1.56 0.96 ± 0.42 1.25 ± 1.53 
Gasoline 0.77 ± 0.47 0.65 ± 0.41 0.61 ± 0.36 0.62 ± 0.36 0.26 ± 0.13 0.73 ± 0.72 0.31 ± 0.15 0.47 ± 0.46 
Diesel 1.34 ± 0.68 1.48 ± 0.85 1.40 ± 0.64 1.13 ± 0.78 1.84 ± 0.45 1.92 ± 1.32 1.75 ± 0.45 1.80 ± 1.26 
S. Nitrate 0.99 ± 0.11 2.34 ± 0.16 0.92 ± 0.11 2.18 ± 0.17 2.56 ± 0.21 4.81 ± 0.46 2.51 ± 0.22 3.13 ± 0.37 
S. Sulfate 0.69 ± 0.19 1.28 ± 0.27 0.65 ± 0.18 1.28 ± 0.26 0.78 ± 0.12 1.16 ± 0.38 0.74 ± 0.13 1.13 ± 0.37 
Others 0.23 ± 1.88 4.37 ± 3.11 0.72 ± 1.74 4.83 ± 2.88 3.33 ± 1.43 8.08 ± 3.74 1.34 ± 1.52 9.23 ± 3.76  


a Resuspended dust. 
b Brake_C (low copper), Brake_D (high copper); see Table S1 for profile descriptions. 
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coarse PM than in fine PM. The fraction of unaccounted mass increased 
to 14–17% of PM10. 


Dust fractions were lower for the I-710 locations (22–24% for PM2.5 
and 32–34% for PM10, respectively), while the fractions of secondary 


nitrate and unaccounted mass were higher (Fig. 3). A few elevated PM 
events occurring 0600–1000 LST also exhibited substantial unaccounted 
mass up to ~40% (Figure S2). Water-soluble ions dominated PM2.5 and 
PM10 in these events (Wang et al., 2023) whereas water associated with 
the inorganic salts along with SOA could partly explain the unaccounted 
mass (Chen et al., 2003). 


For PM2.5, the brake and tire fractions (brake + tire = 15–17%) were 
comparable with the exhaust fractions (diesel + gasoline = 15–19%) at 
I-710. For PM10, the brake and tire fractions (brake + tire) were 
~14–16%, about twice the exhaust fractions (diesel + gasoline) of ~8%. 
These findings corroborate the CARB emission inventory, which high-
lights the importance of brake and tire wear. The similar breakdowns 
between upwind and downwind sites suggest a similar impact of on-road 
traffic emissions on the downwind and upwind sites. 


The brake wear fraction was found to be higher than the tire wear 
fraction for I-5 PM2.5, while they were comparable in I-710 PM2.5. 
Oroumiyeh and Zhu (2021) found that brake and tire wear emissions 
increased with vehicle mass, but magnitudes of the increase were sen-
sitive to vehicle deceleration. The generally lower traffic speeds near 
I-710 might explain the lower brake/tire wear ratio. Brake wear became 
more dominant over tire wear in PM10 at the I-5 and I-710 sites, though 
large uncertainties in the mean SCEs (Table 1) should not be overlooked. 


Fig. 3. Source contribution fractions at I-5 and I-710 designated downwind (D) 
and upwind (U) sites. 


Fig. 4. Brake and tire wear contributions to PM2.5 and PM10, as quantified by EV-CMB, versus brake wear (Ba) and tire wear (Zn) markers for the I-5 and I-710 
monitoring sites. 
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Substantial brake and tire wear particles may exist above the PM10 size 
range, which were not quantified in this study. 


3.4. Variations of brake & tire wear markers and contributions 


Barium is considered as a specific marker for brake wear as it is 
predominantly derived from brake wear in urban atmospheres (Gietl 
et al., 2010; Jeong et al., 2019). Jeong et al. (2019) determined a Ba 
mass fraction of 8.2–9.1% in brake wear related PM2.5 in North America, 
which is consistent with the Ba mass fraction of 6.6–7.8% for the two 
brake wear profiles used in this study. A lower faction of ~1% was re-
ported by Gietl et al. (2010) for Europe. Variations of brake PM10 at both 
I-5 and I-710 were found predictable with the measured Ba concentra-
tions, ranging from 0.01 to 0.34 μg m− 3, and a scaling factor of 20 (Fig. 4 
(a-b)). The highest Ba levels occurred during 0600–1000 LST on week-
days, consistent with the morning rush hours. Brake PM2.5 contributions 
were not associated with Ba as well as brake PM10, partly due to lower 
Ba concentrations (0–0.14 μg m− 3) and signal-to-noise ratios. A few 
outliers in Fig. 4 indicate possible overestimates of brake wear contri-
butions to PM2.5, particularly for I-5. 


While tire wear markers such as benzothiazole and rubber de-
rivatives were quantified in this study, including them in the model 
inputs generally lowered the goodness-of-fit and did not change the SCEs 
significantly. Zinc, commonly used as a tire wear marker, lacks speci-
ficity as it may also originate from brake wear and tailpipe exhausts 
(Panko et al., 2018). The Zn fraction of ~1% in the tire wear profile used 
in this study is more consistent with those in tire tread particles (0.9%) 
than in tire wear particles (0.3%) (Panko et al., 2018), possibly owing to 
differences between laboratory and real-world road surfaces. There was 
not a clear association between the tire PM10 and Zn at either I-5 or 
I-710. The upper edge of the tire PM10-Zn scatter (100:1) in Fig. 4 is 
consistent with the Zn fraction in the tire wear profile, and it estimates 
the amount of Zn attributable to tire wear (0–0.06 μg m− 3). Similar 
scatter was found for tire wear PM2.5-Zn with 0–0.04 μg m− 3 Zn 
attributable to tire wear. 


Most of the Zn observed at the monitoring sites appears to result from 
non-tire sources. The highest Zn concentrations (up to 0.7 μg m− 3) were 
observed at downwind and upwind I-5, in both PM2.5 and PM10, during 
0600–1000 LST. These extreme Zn levels could not be explained by NTP 
and exhaust sources. They might inflate the SCEs for brake and tire wear 
and warrant further investigation. Nonetheless, this finding indicates 
limitations for the utilization of Zn as a sole marker for tire wear 
emissions. 


4. Conclusion 


This paper documents EV-CMB-based source apportionment for 
PM2.5 and PM10 samples collected at near-road sites downwind and 
upwind of I-5 and I-710 in Los Angeles. Dust, brake wear, and tire wear 
source profiles were developed specifically for contemporary southern 
California. Sensitivity tests used the downwind-upwind differences in 
PM chemical composition caused by on-road traffic emissions. The 
optimal model revealed contributions of resuspended dust, brake wear, 
tire wear, and vehicle exhausts (diesel and gasoline), as well as sec-
ondary ammonium sulfate and ammonium nitrate, explaining on 
average 95% and 82% of PM2.5 and 85% and 72% of PM10 for I-5 and I- 
710, respectively. Two different brake wear profiles were needed to 
explain the ambient measurements, one with high Cu and the other with 
low Cu fractions, highlighting variability of brake PM compositions. 


The source contribution estimates corroborate the importance of 
NTP in near-road environments. Resuspended dust was found to domi-
nate in all samples. Contributions of brake and tire wear to PM2.5 
exceeded those of tailpipe exhausts at the I-5 sites (29–30% vs. 19–21%) 
while they were comparable at the I-710 sites (15–17% vs. 15–19%). For 
PM10, brake and tire wear accounted for 2–3 times the exhaust contri-
butions. A higher fraction of HDV might explain the higher diesel (over 


gasoline) exhaust and high-Cu (over low-Cu) brake wear contributions 
near I-710, and vice versa near I-5. Only primary PM contributions were 
quantified in this study, though volatile organic compounds from both 
tailpipe and non-tailpipe (e.g., tire vapor) emissions might lead to SOA 
formation. The more unaccounted PM mass in I-710 samples could be 
attributed to SOA, sea salts, and water associated with ammonium ni-
trate that were not included in the CMB model. 


The downwind-upwind differences of NTP and exhaust contributions 
were small and often insignificant, likely due to minor and nearly equal 
impacts from I-5/I-710 traffic on the downwind and upwind sites. This 
poses challenges to quantifying vehicle emission factors based on the 
near-road measurements. Barium can serve as a robust marker for brake 
wear PM, as evidenced by its strong association with brake wear con-
tributions. On the other hand, caution should be taken to use zinc as a 
tire wear marker as only a small fraction of zinc appeared to result from 
tire wear emissions. 
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Executive Summary


The Triennial Strategic Research Plan (the Plan) describes the California Air Resources Board (CARB) 
research priorities for the next three fiscal years (2021-2024) and guides the selection of research 
projects on an annual basis. These research priorities are described in the Plan’s 26 research 
initiatives. Due to a limited research budget, annual projects will ideally address multiple initiatives. 
The research initiatives were developed to help the state achieve its climate, and air quality goals 
as outlined by legislative statutes and the Governor’s executive orders. The recently released CARB 
Vision and Roadmap,1 outlines the agency’s priorities and strategies to achieve these mandated 
goals:


1 CARB Vision and Roadmap: ww2.arb.ca.gov/sites/default/files/2021-01/CARB_vision_roadmap_0121.pdf
2 “Making Racial Equity Real in Research,” Hana Creger, Greenling Institute, 2020


• Provide Healthful Air for all Californians by attaining all ambient air quality standards, 
reducing cancer risk due to toxic air contaminants, and identifying and reducing exposure in 
communities at risk.


• Achieve Carbon Neutrality and Net Negative Thereafter by meeting the 2030 mandate 
and 2045 goals, reducing vehicle miles traveled while transitioning to all-electric vehicle sales 
and increasing the carbon sink potential of natural and working lands (NWL) while maximizing 
co-benefits for equitable outcomes.


• Reduce Emissions in Heavily Burdened Communities by actively building understanding 
and capacity within CARB and communities, effectively engaging communities with 
an emphasis on communities of color, creating inclusive and equitable processes that 
reflect environmental justice principles, develop and track metrics to monitor progress in 
communities, and applying lessons learned through the metrics to further reduce pollution.


CARB views these goals as opportunities to achieve multiple benefits. CARB’s research reflects 
this approach with multi-disciplinary projects that address more than one research initiative, 
where feasible. Projects may be fulfilled through in-house work, external university contracts, or a 
combination of both, via collaborative research projects. CARB often leverages in-house expertise to 
collaborate with university contractors to augment their work with additional monitoring, modeling, 
or analyses. The focus on multi-disciplinary projects may be achieved by increasing capacity 
throughout the university system, and encouraging inter-university and inter-disciplinary project 
teams. In future, CARB will be increasing research capacity at smaller universities on topics affecting 
their local communities. CARB has significantly grown its in-house expertise, which increases the 
ability to provide foundational research, provides flexibility to address new priorities or near-term 
projects, and expands CARB’s internal knowledge-base with new expertise, such as behavioral 
economists, modelers, and ”big-data” experts. Over the coming years, the Research Program 
would like to expand its in-house engagement and communication expertise in order to improve 
community engagement and better communicate results and health impacts to the public.


On October 22, 2020, the Board adopted Resolution 20-33, stating CARB’s commitment to 
racial equity and social justice at every level of CARB’s operations. In support of this resolution, 
CARB’s Research Program is beginning the work of operationalizing racial equity in its research 
process and projects. Racial equity is defined as “transforming behaviors, institutions and systems 
that disproportionately harm people of color and increasing access to power, redistributing and 
providing additional resources, and eliminating barriers to opportunity in order to empower low-
income communities of color to thrive and reach full potential.”2


The section of this Plan titled “How Do We Operationalize Racial Equity In CARB Research?” 
describes a starting point for CARB in applying a model of change learned from two years of 
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participating in the Government Alliance on Race and Equity.3 The model of change centers on 
a shared vision of racial equity for the organization. Normalizing calls for developing a common 
internal understanding of the levels of racism, the role of government over time in perpetuating 
structural racism and the difference between equality and equity as well as acting with urgency, 
transparency, and accountability. Organizing relies on building internal capacity to recognize 
structural racism and in partnering with community organizations. Finally, operationalizing racial 
equity means being driven by data and using racial equity tools. It means asking how much did we 
do, how well did we do it, and is anyone better off.


Through this Plan, CARB is initiating a long-term engagement process with communities to 
operationalize racial equity in CARB’s research planning, contract implementation, and outreach 
processes. In order to effectively serve communities and create research projects that are impactful 
and equitable, it is important to prioritize engaging communities during the research planning 
process. In particular, CARB needs to address regionally specific air quality concerns. Future 
engagement efforts should include both community members and researchers from local university 
in the research planning process to create more effective research projects and priorities. CARB 
needs and benefits from community input and collaboration, especially for projects that aim to help 
mitigate air quality issues in priority communities. It is the aim of the Research Program to work with 
community members and co-create research projects, priorities, and initiatives in the future. CARB 
will start a discussion on promising practices to incorporate community voices into the research 
planning process, while recognizing there are many requests for community groups’ time and 
expertise.


With a limited annual research budget of approximately $4 million to support these important 
priorities, the annual list of prioritized projects has to be focused, holistic, and leverage funds from 
external sources where feasible.


CARB’s goals aim to provide clean air statewide, achieve carbon neutrality and net-negative 
thereafter, and significantly reduce emissions in heavily-burdened communities. These goals will 
be achieved using regulatory measures and incentives to promote the transition to zero emission 
passenger and freight vehicles, as well as by promoting land use changes that reduce vehicle miles 
traveled and create healthy, sustainable communities. These goals also reflect the need to make 
these transitions equitably. CARB’s Research Program integrates these goals and provides the 
foundational science for CARB programs.


This Plan is divided into seven research categories: Health, Environmental Justice, Economics, Air 
Quality, Mobile Sources, Climate, and Sustainable Communities. Within those research categories 
are initiatives with targeted research questions that reflect the evolution of ongoing research. The 
summaries below explain how the research initiatives tie into the research categories and goals of 
this Plan and make note of new initiatives that reflect emerging topics. Health. How can we most 
effectively expand our health analysis to quantify and communicate the health benefits of clean 
indoor and outdoor air?


Public health is at the core of our policies and regulations. As such, the health initiatives support 
many of the major goals and themes by providing the underlying science for our policies. In 
particular, this Plan adds an initiative on expanding health analysis. CARB quantifies and monetizes 
the health benefits of air quality and climate policies, including regulations, strategies and programs. 
Where quantification is not possible, CARB uses qualitative evaluations of benefits. Both the 
quantitative and qualitative evaluations of benefits are referred to as “health analysis.” CARB 
policies and incentive programs have numerous health benefits beyond what is currently being 
quantified. Over the next three years, a key priority area that supports all goals will be expanding 
CARB’s health analysis to include more health endpoints. Research will prioritize the quantification 


3 The Government Alliance on Race and Equity is a national network of government working to achieve racial equity  
 and advance opportunities for all through a commitment to achieving racial equity, by focusing on the power and  
 influence of their own institutions, and, working in partnership with others www.racialequityalliance.org/. 



https://www.racialequityalliance.org/





and monetization of additional health endpoints that are known to exist but that have not yet 
been translated into monetized health benefits and support broader analysis of non-quantifiable 
outcomes. The expanded health analysis aims to bring these additional benefits into CARB 
policy and regulatory assessments over time through both quantitative and qualitative methods. 
While residing predominately in the health research category, the results will lay the foundation 
for work throughout all research categories. In addition to health analysis, the health research 
initiatives include questions on indoor air, short-term exposures including wildfire smoke, health 
communication, and air pollution linkages to overall health vulnerability.


1. Environmental Justice. What is the health impact of air pollution for priority communities  
and can we develop metrics to measure and track changes in health over time at the 
community level?


Environmental justice is an important pillar of CARB programs and research and is defined as 
“...the fair treatment and meaningful involvement of people of all races, cultures, incomes, and 
national origins with respect to the development, adoption, implementation, and enforcement 
of environmental laws, regulations, and policies.4 Priority communities5 include neighborhoods 
of California that disproportionately suffer from historic environmental, health, and other social 
burdens. These burdens include, but are not limited to, poverty, high unemployment, inadequate 
access to educational resources and training opportunities to secure high-road jobs, air and water 
pollution, presence of hazardous wastes, high incidence of asthma, heart disease, and other chronic 
illnesses. Due to historic discrimination, these communities often include high levels of residents 
and households with people of color, low-income status, seniors, people with disabilities, non-
English speakers, and those who have limited awareness of or access to clean transportation and 
mobility options. This definition recognizes the need to be inclusive and deliberate in acknowledging 
past and current policies resulting in the accrual of these burdens and minimizing further harms 
as paramount in meeting the State’s equity goals and fostering actions that distribute community 
benefits intentionally and equitably. Multiple studies have shown that air pollution disproportionately 
impacts the health of priority communities and their residents. CARB research supports this fact 
with analysis showing the disparities in air quality due to community proximity to sources. Although 
the disparity in air quality has narrowed, priority communities are still burdened with worse air 
quality on average, and are compounded with additional environmental, social, and economic 
concerns. Assembly Bill (AB) 6176 established the Community Air Protection Program to focus on 
reducing emissions and air pollution exposure in overburdened communities and provided funding 
for community-led monitoring and new tools. Work to date has elevated the need for CARB to 
expand environmental justice research with a focus on identifying sources, cumulative exposure, and 
stressors, and investigating health metrics.


2. Economics. What opportunities are there to develop strategies that equitably accelerate the 
transition to zero-emission technologies?


CARB’s air quality and climate change legislatively mandated programs are designed to have health 
and economic benefits. CARB conducts health and economic analyses for all proposed programs 
to understand the wide range of benefits. For example, meeting zero-emission targets will require 
transforming markets and behavior. A new initiative will consider opportunities for accelerating the 
transition to zero-emission vehicles, buildings, and other sectors. How to best communicate and 
quantify benefits and progress will also be key. There is a new initiative on behavioral economics that 
will help CARB improve access to information on the benefits of choosing low-polluting consumer 
goods, particularly in priority communities. Outreach informed by behavioral economics, an expanded 
health analysis, and other tools can improve communication on the benefits of lower polluting choices.


4 Assembly Bill 1628, Rivas, Chapter 360, 2019
5 Priority communities include disadvantaged communities (DACs), low-income communities, and underserved  
 communities, which are specific terms used in many of the statutes and regulations in the Strategy (e.g., Senate Bill 535  
 (De León, 2012), Senate Bill 350 (De León, 2015), Assembly Bill 1550 (Gomez, 2016), Assembly Bill 841 (Ting, 2020)
6 Community Air Protection Program, C. Garcia, Chapter 136, Statutes of 2017







3. Air Quality. What are the priorities to better understand ozone and PM exceedances, 
particularly with an increase in wildfires due to climate change? Are there insights on 
mitigation strategies that can be drawn from measurement analysis?


CARB has implemented multiple strategies to reduce criteria pollutant emissions. However, various 
regions of California have air quality levels that exceed mandated limits, especially for ozone and 
PM2.5. The baseline level of ozone can fluctuate significantly and its sensitivity to other precursors 
can lead to exceedances. Although CARB has performed a significant amount of research on ozone, 
the Research Program has pivoted towards investigating ozone sensitivity as well as mitigation 
strategies for precursors. Wildfires have always been a concern as sources of air pollution, but the 
recent increase in fire activity has led to prolonged smoke days with PM2.5 concentrations reaching 
hazardous levels for ever longer periods of time. CARB’s Research Program is putting greater 
emphasis on the health effects of wildfire smoke as well as its effect on air quality.


4. Mobile Sources. What technology, efficiency, and behavior strategies provide the best 
opportunities to accelerate the transition to zero-emission vehicles for passenger cars, trucks, 
buses and off-road equipment? What are the remaining sources of air pollutants (e.g. tire- 
and brake-wear) and their mitigation options?


The transportation landscape has changed significantly since the introduction of clean vehicles, 
e-commerce and telematics, and there is huge potential to guide the transportation sector into a 
more sustainable and equit future. In addition, Governor Newsom’s Executive Order N-79-20 sets 
goals for:


• 100 percent zero-emission passenger vehicle sales by 2035


• 100 percent zero-emissions vehicles for medium- and heavy-duty vehicles by 2045 for all 
operations where feasible and by 2035 for drayage trucks


• Transition to 100 percent zero-emission off-road vehicles and equipment by 2035 where 
feasible


Research can support these goals and the research initiatives described in this Plan reflect the 
changing nature of transportation in California due to recent technology advances, increases in 
telecommuting, and CARB’s 2035 and 2045 zero-emission goals. There are new research initiatives 
focused on freight efficiency and advanced technologies. These will explore new methods of 
maximizing efficiency in the changing mobility landscape, opportunities to promote greater uptake 
of zero-emission vehicles, the role of automation and telematics, and how connected vehicles and 
telematics can be leveraged to create zero-emission zones. Finally, an initiative on non-exhaust 
emissions has been added to build upon the recent research on brake-wear emissions, to further 
explore tire-wear emissions and the effects of new technologies such as regenerative braking. In 
particular, this source of emissions may be impacting communities located near major roadways, 
and health studies will continue to explore the potential health effects of this source of emissions. 
Research within this group is linked to health, economics, equity, and sustainable communities.


5. Climate. What research can support our carbon neutrality goals through technology, emission 
mitigation opportunities, voluntary consumer actions, and comprehensive evaluation and 
communication of benefits?


As California moves towards carbon neutrality by 2045, CARB research will focus on opportunities 
to reduce GHG emissions through comprehensive analysis ranging from emissions to air quality, 
societal (e.g. preserving ecosytems and species), land use, and health benefits. This research area will 
be coordinated with work in inter-related research categories such as mobile sources and health.


CARB continues to fund work to analyze trends and refine emissions estimates and explore new 
mitigation opportunities for carbon dioxide, nitrous oxide, and short-lived climate pollutants (SLCP), 
which include F-gases, black carbon, and methane. Research will consider how best to communicate 
the benefits of GHG reductions, acceleration of low-global warming potential (GWP) alternatives, 







carbon sequestration advances, and how best to utilize existing and emerging measurement tools, 
including satellites.


6. Sustainable Communities. What are the barriers and opportunities to achieve sustainable 
communities for priority communities?


The transportation sector continues to be the state’s largest source of greenhouse gas emissions. 
Land use determines driving patterns and is a key area of consideration. CARB is highly focused 
on helping Metropolitan Planning Organizations, or MPOs, successfully implement Senate Bill (SB) 
375.7 The objective of this legislatively mandated program is to better align regional transportation, 
land use, and housing planning and require that MPOs prepare plans that will meet greenhouse 
gas reduction goals set by CARB. These actions may lead to more sustainable communities, make 
communities more livable and walkable and promote investments in clean mobility options that can 
help reduce how much people need to drive for their daily activities. Research aimed at promoting 
investments will also include retrospective analyses to identify and overcome systemic barriers 
that have led to the exclusion of investments in priority communities. Although this is not a new 
research initiative, greater emphasis is placed on this topic compared to the previous plan. Research 
is especially needed on ways to track how program implementation leads to desired outcomes, 
including air quality, equity, and sustainability.


Research Methods
CARB fulfills its research priorities through externally funded research contracts, collaborative 
efforts with other state agencies and through in-house research. CARB conducts all externally 
funded research with a robust scientific process by requiring a review of all research proposals and 
final reports by an independent Research Screening Committee. CARB staff also engage external 
stakeholders through technical advisory committees to provide feedback and direction throughout 
project execution. CARB’s Research Program will remain responsive to emerging topics and new 
priorities while fulfilling its mission to provide a solid scientific foundation. The Research Program 
will continue to fulfill this mission with multidisciplinary and collaborative projects and with a greater 
emphasis on equity and improving the health of priority communities.


7 Steinberg, Chapter 728, Statutes of 2008







How to Use This Document


Thank you for your interest in California Air Resources Board’s (CARB) Research Program. 
The Research Program provides the scientific foundation for the successful development and 
implementation of legislatively mandated policies and programs. Each year, CARB directs funds to 
the Research Program to perform scientific research that serves CARB programs. This document is 
meant to guide the annual selection of research contracts and act as a resource for those interested 
in CARB’s research priorities for the 2021-2024 fiscal years.


The Introduction, Research Planning, Research Coordination and Dissemination and Research 
Methods sections provide an overview of the Research Program. If you are new to CARB’s Research 
Program, these sections will provide a foundation for the rest of the document with an overview 
of priorities and how they connect to policy considerations. If you are more familiar with CARB’s 
Research Program, the Introduction will provide a good basis and orient you to the new features of 
the Research Program. For example, CARB is improving research to be more equitable by ramping 
up engagement, partnering more with community groups and disseminating research results more 
widely and in more accessible formats. See the section titled How Do We Operationalize Racial 
Equity in CARB Research?


The chapter titled Research to Support CARB Programs is the core of the document. This chapter 
is subdivided into the major research categories, which can be read independently. Each research 
category (e.g. Health) contains research initiative sections. In the Health research category, there are 
four research initiatives: Exposure Impacts and Mitigation, Health Analysis, Indoor Exposure and 
Mitigation, and Sustainable Communities and Health. Each research initiative contains descriptions 
of the motivation for the work performed and examples of past, current, and remaining research 
needs. The research needs culminate in succinct research questions that summarize CARB’s research 
priorities. Throughout these sections, extramural and in-house research projects are highlighted 
to complement the main text. Due to the multidisciplinary nature of CARB research projects, some 
projects are described under more than one research initiative. This allows the research category 
sections to be read independently of each other.


The appendices provide comprehensive lists of recently approved projects, recently released final 
reports, current projects by category, recently published journal articles, and a summary of feedback 
staff received at recent public research roundtable meetings.


Questions about CARB’s Research Program can be directed to research@arb.ca.gov. More 
information is available at ww2.arb.ca.gov/our-work/programs/research-planning, and details on our 
Research Planning activities can be found at ww2.arb.ca.gov/our-work/programs/research-planning.



mailto:research@arb.ca.gov
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Introduction


The California Air Resources Board (CARB) conducts and sponsors research to provide sound and 
timely scientific results to support CARB’s policies and programs, as directed by statute (Health and 
Safety Code Section 39700). CARB develops a Triennial Strategic Research Plan (Plan) to provide 
clarity and guidance on key research initiatives that CARB intends to prioritize over the next three 
fiscal years.


These research initiatives address CARB’s goals, which are driven by legislative statutes and 
Governor’s executive orders. The recently released CARB Vision and Roadmap,8 describes how the 
agency is implementing those directives through multiple priority goals:


• Provide Healthful Air for all Californians by attaining all ambient air quality standards, 
reducing cancer risk due to toxic air contaminants, and identifying and reducing exposure in 
communities at risk


• Achieve Carbon Neutrality and Net Negative Thereafter by meeting the 2030 mandate 
and 2045 goals, reducing vehicle miles travelled while transitioning to all-electric vehicle sales 
and increasing the carbon sink potential of natural and working lands (NWL) while maximizing 
co-benefits for equitable outcomes


• Reduce Emissions in Heavily Burdened Communities by actively building understanding 
and capacity within CARB and communities, effectively engaging communities with 
an emphasis on communities of color, creating inclusive and equitable processes that 
reflect environmental justice principles, develop and track metrics to monitor progress in 
communities, and applying lessons learned through the metrics to further reduce pollution.


The research initiatives form the core of the plan and consist of broad topics defining the most 
pressing research priorities driven by CARB’s air quality and climate goals and guide the selection 
of annual research projects. The Plan also describes on-going work that forms the basis of what is 
known and informs future research.


The Plan will provide guidance for the annual selection of research projects. Projects may be fulfilled 
through in-house work, external contracts, or collaborative research projects (Figure 1). CARB often 
leverages in-house expertise to collaborate with contractors to augment their work with additional 
monitoring, modeling, or analyses.


CARB receives input from interested stakeholders at various stages throughout the annual and 
triennial plan development processes. The annual research planning process is initiated with an 
annual public solicitation for research concepts. To improve this effort, CARB staff will continue to 
engage with community advocates to develop a strategy to operationalize racial equity in research 
planning, contract implementation, and the dissemination of research results. More information can 
be found in the section titled How Do We Operationalize Racial Equity in CARB Research?


The Proposed 2021-2024 Triennial Strategic Research Plan outlines the full scope of CARB-funded 
in-house and contracted research, and seeks to address research initiatives with multi-disciplinary 
projects to ensure the successful implementation of CARB programs. Although this Plan is divided 
into discrete research categories, all CARB research projects aim to prioritize strategies that address 
anticipated challenges associated with achieving long-term air quality and climate goals, and 
ensure that CARB successfully implements its programs with equitable outcomes and benefits for 
the economy and health. Meeting these goals will continue to require innovative thinking, working 
across disciplines, and engaging all stakeholders.


8 CARB Vision and Roadmap ww2.arb.ca.gov/sites/default/files/2021-01/CARB_vision_roadmap_0121.pdf



http://ww2.arb.ca.gov/sites/default/files/2021-01/CARB_vision_roadmap_0121.pdf
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Figure 1: representation oF major categories included in research projects
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CARB’s Research Program continues to play an 
important role in meeting increasingly stringent 
federal ambient air quality standards and 
long-term climate goals. These goals are 
intertwined and will therefore require holistic, 
forward-looking, multidisciplinary research to 
identify strategies that address the challenges 
of meeting multiple goals simultaneously. 
Assessing the impacts of air quality and 
climate mitigation strategies on the health 
and well-being of Environmental Justice (EJ) 
communities is critically important. It is CARB’s 
mission to tackle both air quality and climate 
while ensuring improved health outcomes for 
all Californians, and in particular for priority 
communities (Figure 2). The research initiatives 
in this Plan are designed to maintain focus on 
long-term goals and reflect CARB’s evolving 
priorities.


Figure 2: carB programmatic goals
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taBle 1: caliFornia’s key air quality and climate change goals through 2050 along with 
environmental justice goals through the toxics program, aB 617 and Focus on equity 
For all regulatory programs


 Year Climate Change Mobile Sources Air Quality Environmental Justice


2020


Reduce GHG emissions 
to 1990 levels Meet 
2020 SB 375 regional 
GHG targets


 -
Reduce diesel PM risk 
85%


Implement community 
emission reduction 
programs


2025 -
Vehicles emit 50% less 
GHGs


Attainment year for 
ozone and PM2.5 
(2023/2025)


Identify toxics in 
communities
Improve tools to guide 
decisions for the Air 
Toxics Program


2030


Reduce GHG emissions 
to 40% below 1990 
levels Reduce SLCP 
emissions 40-50% 
below 2013 levels 
Preserve 30% of CA 
land by 2030 per N-82-
209


 -
75 ppb 8-hr ozone 
standard (2032)


Obtain lasting 
emissions reduction in 
AB 617 communities 
Reduce toxics of major 
concern


2035
Meet SB 375 regional 
GHG targets


100% of in-state sales of 
new passenger cars and 
trucks are zero-emission; 
100% of drayage trucks, 
off-road vehicles and 
equipment will be zero-
emission (where feasible) 
per EO N-79-2010


70 ppb 8-hr ozone 
standard (2037)


 -


2040  -  -  -  -


2045
Achieve carbon 
neutrality per EO B-55-
1811


100% of medium- and 
heavy-duty vehicles 
in state will be zero-
emission per EO N-79-20


 -  -


2050


Achieve 80% reduction 
below 1990 levels of 
GHG emissions, per 
EO-S-03-0512


 -  -  -


9 Governor Newsom’s Executive Order N-82-20, 2020
10 Governor Newsom’s Executive Order N-79-20, zero-emission by 2035, 2020
11 Governor Brown’s Executive Order B-55-18 to achieve carbon neutrality, 2018
12 Governor Schwarzenegger’s Executive Order S-03-05, climate change emission reduction goals
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What's New in FY 2021-2024 Triennial Plan?


Since the release of the FY 2018-2021 Triennial Plan (Plan) in March 2018, the focus of CARB’s 
Research Program has evolved to address new legislative mandates and emerging challenges. The 
research initiatives in each successive Plan change - some previously stated initiatives have been 
sufficiently addressed and emerging topics require new initiatives. For example, in the FY 2018-2021 
Triennial Plan, a research initiative was developed to support the development of the Heavy-Duty 
Inspection and Maintenance Program. After the successful completion of landmark projects on 
this topic, CARB has determined that lessons learned can now be incorporated in monitoring and 
enforcement programs and there is no longer need for a priority research initiative in this area. The 
topics described below are receiving greater or new emphasis since the last Triennial Plan.


Wildfires
Since the last Triennial Plan, California has had more frequent and severe fires due, in part, to 
warmer and drier conditions driven by climate change. In recent fire seasons, fires in California have 
broken records for monetary damage, area burned, human casualties and the percentage of the 
population impacted by exposure to smoke, as well as increased lengths of smoke exposure from 
days to weeks. CARB’s Research Program will continue to prioritize research on both the short-term 
and the long-term health impacts of exposure to smoke and the impacts of both prescribed burning 
and wildfire on air quality. This work involves improving models that estimate the ecological impacts 
of fires, and leveraging large scale air quality measurement campaigns to understand the effects 
of wildfire smoke in impacted areas. New research aims to develop new guidelines on the health 
impacts of short-term exposure to smoke and leverage behavioral economics to effectively provide 
information to the public. Research to identify toxics in wildfire emissions that result from the ignition 
of human-made materials and the health risks of exposure to ash during remediation efforts will be a 
priority in future funding cycles.


COVID-19
While research has established the association between air pollution exposure and increased 
vulnerability of the lungs to viral infections including colds and flu, in 2020 a new virus threat 
emerged with a link to air pollution. The COVID-19 pandemic quickly became a global issue and 
research was conducted at the national level in the U.S. to discover the correlation between 
COVID-19 mortality and long-term exposure to air pollutants. Orders to limit the spread of disease 
transmission also impacted transit availability and travel behavior. These direct and indirect effects 
of the pandemic have been felt inequitably across the population, on the basis of race, ethnicity and 
essential-worker status, making strategies to alleviate these burdens a high priority.


CARB responded quickly to initiate research focused on a finer-grained look at the relationship 
between long-term exposure to air pollution and COVID-19 cases using California data and to 
assess whether air pollution exposures lead to worse outcomes in confirmed COVID-19 cases. This 
research will improve understanding of the relationship of chronic exposure to air pollutants with 
COVID-19 case and death rates generally in California and provide more information about disease 
impacts in priority communities in California. Although the COVID-19 pandemic may be temporary, 
it has uncovered vulnerabilities among priority communities to new illnesses and underscores the 
importance of clean air for everyone. These findings will help CARB understand how to best protect 
the most vulnerable communities moving forward.


Health measures to reduce infection rates toward the beginning of the pandemic (such as stay-at-
home orders and telework policies) led to a temporary drop in vehicle miles traveled (VMT) and thus 
large decreases in greenhouse gas (GHG) and criteria air pollutant emissions. Air quality data from 







7Triennial Strategic Research Plan for Fiscal Years 2021-2024


this period is being analyzed to better understand how decreasing emissions affect atmospheric 
chemistry and resulting air quality. This information is vitally important to better understand how 
future regulatory measures will impact air quality in locations that struggle to attain air quality 
standards, such as the San Joaquin Valley.


New research at CARB will also assess the real-world impacts of the pandemic response on VMT to 
determine if and how different socioeconomic groups changed travel behavior and home residence, 
survey changing travel behavior and preferences, and examine the emission and equity impacts of 
potential policy responses. Results from these studies will inform a variety of CARB programs and 
efforts, including reviews of Senate Bill 375 (SB 375) Sustainable Community Strategies, CARB’s 
Vision Model, and VMT reduction impacts.


Carbon Neutrality
Since 2005, California has established a series of regulations and Executive Orders plotting a path 
toward reducing climate pollutants and achieving carbon neutrality. These include Assembly Bill (AB) 
3213, Senate Bill (SB) 3214, Governor Schwarzenegger’s Executive Order S-03-5 and culminating in 
Governor Brown’s Executive Order B-55-18, committing California to total, economy-wide carbon 
neutrality by 2045. Carbon neutrality means that all GHG emissions emitted into the atmosphere are 
balanced in equal measure by GHGs that are removed from the atmosphere, either through carbon 
sinks or carbon capture and storage. California will build on the success in meeting the 2020 target 
to achieve the state’s 2030 GHG Reduction Mandate of 40 percent as a steppingstone to Carbon 
Neutrality by 2045.


This will be achieved by significantly reducing GHG emissions in every sector by 2045, and by 
utilizing carbon sequestration. This includes reducing per-capita vehicle miles traveled by 25 percent 
from today’s levels by 2035. This also includes the move to 100% zero-emission passenger vehicle 
sales by 2035, as stated in Governor Newsom’s Executive Order EO N-79-20. Additional strategies 
will be developed that can be adopted elsewhere and that maximize public health, environmental, 
and economic co-benefits to achieve equitable outcomes in priority communities.


Natural and mechanical/chemical carbon sequestration will play a role in achieving carbon neutrality. 
Natural and working lands have great potential for sequestering carbon in soils and standing 
biomass. These carbon sinks can be enhanced through land and ecosystem management practices. 
Likewise, natural and working lands can also represent a source of GHG emissions, due to land use 
changes such as deforestation and wildfires. Governor Newsom’s recent Executive Order N-82-
20 sets a goal of conserving 30% of California land by 2030. CARB and other state agencies are 
continuing to research and collect data on the state’s historic and current carbon flux from natural 
and working lands to help inform a more complete view of the path to carbon neutrality in the state. 
Future research will address the role of natural and working lands as an emissions source and as 
a potential sink alongside the transportation, energy, and industrial sectors. Ongoing research is 
investigating the comprehensive health benefits of NWL strategies and will support the identification 
of the most health beneficial programs. Future research will continue to investigate these health and 
economic benefits.


Focusing on Communities and Equity
Emissions have decreased significantly on a regional scale due to CARB and Air District regulations, 
but air quality disparities exist on localized levels and disproportionately impact low income 
communities of color. Research has corroborated these disparities and shown that proximity to 
major roadways, ports, and major stationary emission sources subjects these communities to 
greater toxic contaminant exposure and thus leads to greater health disparities. Recent legislation 
and research has focused on reducing exposure and improving air quality in disproportionately 
13 Nuñez, Chapter 488, Statutes of 2006, the California Global Warming Solutions Act of 2006
14 Pavley, Chapter 249, Statutes of 2016, California Global Warming Solutions Act of 2016
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impacted communities and identifying the most equitable methods for creating healthy and 
sustainable communities. The AB 617 Community Air Protection Program requires community-based 
monitoring and emissions and exposure reduction as well as community engagement. Additionally, 
the Air Toxics Program is focused on 1) determining what drives community exposure, 2) improving 
and expanding available tools, such as health analysis, to guide decision making, and 3) reducing 
emissions from sources of greatest concern. CARB’s Research Program will expand on additional 
health endpoints and better understanding of cumulative impacts in response to multiple toxic 
contaminant exposures.


CARB staff will work with communities to flag areas of concern related to health and exposure and 
communicate effectively to provide communities with the information they need to protect their 
health during short-term, high exposure events. Moving forward, CARB’s Research Program will 
engage with priority communities to design and prioritize projects that support equity. In particular, 
CARB needs to address regionally specific air quality concerns. Future engagement efforts should 
include both community members and researchers from local universities in the research planning 
process to create more effective research projects and priorities. CARB will also work to increase 
the research capacity at smaller universities to address topics affecting their local communities. 
More information on new engagement efforts can be found in the section titled How Do We 
Operationalize Racial Equity in CARB Research?


Transportation Trends
CARB’s Research Program supports the implementation of the Sustainable Communities and Climate 
Protection Act of 2008 (SB 375), which is a key component for California’s achievement of the 2050 
climate goal. SB 375 requires that California’s metropolitan planning organizations (MPOs) develop 
regional Sustainable Communities Strategies (SCS) containing land use, housing, and transportation 
strategies that, when implemented, meet the per-capita passenger vehicle GHG emission reduction 
targets set by CARB for 2020 and 2035.


The goal of an SCS is to foster healthier and more equitable communities that reduce VMT. The 
plans should align regional land use and transportation planning to focus housing and job growth 
in existing urbanized areas, expand transit and active transportation networks and infrastructure, 
and conserve natural resources and farmland. Senate Bill (SB) 15015 requires CARB to prepare a 
report to the Legislature starting in 2018, and every four years thereafter, to evaluate progress in 
meeting the goals of SB 375. Based on current estimates in the first SB 150 report released in 2018, 
metro areas in the state are falling short of the GHG reduction goals stipulated by SB 375. Although 
transportation planning efforts across the state have identified strategies intended to reduce VMT 
and thereby GHGs, real-world implementation of these strategies is not yielding the anticipated 
reductions.


CARB’s Research Program on sustainable transportation and communities is multi-faceted and builds 
upon the 2018 SB 150 report and more recent information. Research includes the use of big data and 
emerging transportation technologies and travel patterns. A series of studies using ”big data” and 
policy analysis will assess real-world reductions from on-the-ground changes as well as the influence 
of policies on those changes to determine barriers and best practices.


Transportation patterns are evolving quickly. New mobility services (e.g. ridehailing), automated 
vehicles, and other micro-transit options have been transforming the way people travel for almost a 
decade, with rapid growth in urban areas. CARB is developing the Clean Miles Standard regulation 
in response to SB 101416 to set GHG-per-passenger mile for ride-sharing services.


Future research will prioritize identifying strategies for managing rapid transportation changes so 
that they lead to equitable deployment and reduced emissions impacts. An unanticipated driver 
of change to transportation occurred with the COVID-19 pandemic. During the initial stay-at-
15 Allen, Chapter 646, Statutes of 2017, regional transportation plans
16 Skinner, Chapter 369, Statutes of 2018, Clean Miles Standard
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home order for COVID-19, VMT changed significantly and led to an increase in telecommuting, a 
decrease in commute-related VMT, and a decrease in transit ridership and service; however those 
VMT changes did not last, nor were they consistent across communities, socioeconomic groups, 
sectors, or occupations. The long-term impacts of these changes are unclear. Research projects 
are ongoing to examine not only the impact of emerging transportation technologies but also 
how the pandemic has impacted mobility and access, and spurred changes in travel behavior. 
The projects will also identify what CARB, other state agencies, and policymakers can do to 
alleviate hardships while facilitating the continuation of trends and practices that reduce VMT while 
increasing personal mobility and improve air quality without inhibiting economic productivity, job 
growth, and accessibility. Going forward, CARB will continue to track transportation trends to 
inform the successful implementation of SB 375 and ensure the success of transportation-related 
incentive programs to help transform California’s transportation systems to be more equitable and 
sustainable.


Overarching Goals
The new research initiatives in this current plan reflect CARB’s need to develop new tools and 
methods for achieving California’s air quality and climate goals while operationalizing racial equity. 
For example, behavioral economics can help support incentives and information promoting the 
adoption of cleaner and sustainable transportation modes and products. Behavioral tools developed 
through CARB’s Research Program can be used to assess how well a program’s dissemination of 
information actually serves users, and how it can improve to make information more easily accessed, 
understood, and acted upon. Careful consideration of the user experience will help support more 
environmentally sustainable products and choices and ultimately help support CARB program goals. 
New health analysis methods will help to provide more information and monetization for negative 
health impacts due to exposure to toxics. Attending to equity in data collection and analysis 
associated with all CARB research projects will support the disaggregation of findings by race and 
ethnicity or other socioecomic factors that will inform more specific strategies for interventions.


CARB’s Research Program, guided by the Triennial Strategic Research Plan, will continue to be 
responsive to evolving scientific unknowns and to legislative needs with the aim of attaining long-
term air quality and climate goals, benefiting all California residents equitably, regardless of home 
address, race, gender, or income level.
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Research Going Forward


CARB’s Research Program was established by the Legislature in 1971 and has helped support 
CARB’s regulatory programs since its inception. Over the last 50 years, California has seen dramatic 
improvements in air quality and has more recently made significant advances in reducing GHG 
emissions. Despite this progress, many Californians still do not experience clean, healthy air and the 
effects of climate change (e.g. wildfires) are impacting air quality and health. These health burdens 
fall disproportionately on priority communities. CARB’s research process and objectives will continue 
to be refined to focus on identifying how CARB programs can benefit priority communities.


CARB will continue to support the state’s efforts to lead the world by example and apply science to 
policy to show that healthy air and a sustainable future are attainable. Building upon and growing 
partnerships with other research entities and stakeholders will be essential to support effective 
program implementation. The research initiatives included in this Plan will guide the annual selection 
of research projects. Collectively, these initiatives will explore the benefits of longer-term strategies. 
Below is a summary of the research initiatives outlined in this plan by research category. Research 
initiatives are highlighted in bold and the page numbers for more details on each initiative are 
provided in parentheses.


Health
Public Health is at the core of our policies and regulations. As such, the health initiatives support 
many of CARB’s goals by strengthening the science that underlies CARB policies. CARB’s health 
Research Program will continue to advance the science on the health impacts of air pollution, inform 
health based air quality standards, and examine the health benefits of longer-term strategies. 
An important aspect of this is performing health analysis on proposed policies, regulations and 
programs to quantify the benefits of emission reduction goals.


Moving forward, CARB’s health Research Program aims to understand: how do we effectively 
expand health analysis to quantify and communicate health benefits for clean indoor and 
outdoor air? CARB’s health Research Program will be addressing this need with a series of research 
initiatives:


• Research on exposure impacts and mitigation (Page 26) has focused on the health 
impacts of long-term exposure to single and multiple criteria pollutants, particularly among 
sensitive groups such as children and the elderly. CARB will continue to prioritize research 
on the health impacts of pollutants and exposure pathways, as well as to identify the most 
effective strategies to mitigate these exposures. In particular, CARB will continue to assess 
the disproportionate environmental burdens borne by priority communities, and to advance 
mitigation strategies to reduce community exposure and related health burdens.


• It has long been known that there are numerous health benefits derived from CARB policies, 
regulations and programs beyond what is currently being quantified. A new research initiative 
on health analysis (Page 28) has been added to assess the best methods for calculating 
the health impacts of specific policies and regulations and to improve understanding of the 
links between pollutants and health burdens, including criteria and toxic pollutants. The 
research initiative will include a focus on impacts in priority communities.


• CARB’s indoor exposure and mitigation (Page 30) research has led to building code 
changes requiring improved filtration, among other important research findings. Future 
work will continue to focus on improving mitigation strategies and identifying new sources 
of pollutants from new building materials, appliances and consumer products. This work will 
be especially important as building materials and technologies advance to improve energy 
efficiency and reduce combustion emissions.
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• Recently, CARB has begun researching sustainable communities and health (Page 31), 
which aims to develop strategies to ensure that sustainable communities develop with net 
benefits for health. This research helps link how land use changes and the built environment 
affect exposure to harmful pollutants from vehicles. This work will continue to provide 
guidance to local planners and advance policies that maximize the health benefits of smart 
growth and sustainable community strategies.


Environmental Justice
Environmental justice is an important pillar of CARB programs and research. Priority communities 
have been heavily burdened with multiple sources of pollution and environmental stressors. Multiple 
studies have shown that air pollution has a larger impact on the health of priority communities and 
their residents than on the general population. CARB’s environmental justice Research Program 
supports CARB’s commitment to reducing the disproportionate exposure to air pollutants and 
providing a greater understanding of the resulting health impacts in priority communities.


Moving forward, CARB’s environmental justice Research Program aims to identify: What is the 
health impact of air pollution for priority communities, and can we develop metrics to track and 
evaluate changes in health over time at the community level? In order to address this overarching 
research need, the Research Program is focusing on various research initiatives:


• Identifying emission sources (Page 39) of air pollutants includes monitoring and tracking 
commonly known air pollutants in new areas, as well as examining new technologies and 
industrial processes for emerging pollutants. CARB will continue to leverage innovative 
methods, such as satellites, to identify sources of pollutants and other exposures and hot 
spots associated with health risks. Research will continue to focus on advanced screening 
tools and better understanding of what these tools reveal about previously hard-to-detect 
sources, particularly in priority communities.


• CARB’s work on reducing disparities (Page 42) in priority communities has made progress, 
but key questions remain. Meteorological changes due to climate change impacts, external 
factors such as the current COVID-19 pandemic, and other stressors may all have impacts on 
existing air quality disparities. As new issues arise, research must focus on finding the most 
effective methods for further reducing disparities and finding new opportunities to improve 
air quality for priority communities.


• Cumulative impacts (Page 33) research examines the health risks for residents in priority 
communities that are exposed to multiple sources of toxics, criteria pollutants, odors, and 
noise from outside sources in addition to indoor sources. Research will continue to identify 
health indicators that can be used to guide decisions on monitoring and mitigation. New 
research will also prioritize innovative tools and methods that will aid in identifying and 
tracking cumulative exposures.


• By contrast, short-term health exposure (Page 36) and health research is focused on 
understanding how sub-chronic exposure events – such as wildfire smoke incidents lasting 
anywhere from a few hours to a few days – affect health, and how these incidents compare 
to longer-term cumulative exposures. More information is also needed on how best to 
communicate those impacts to the public.


Economics
CARB’s air quality and climate change legislatively mandated programs are designed to have both 
health and economic benefits. CARB ensures that there are wide-ranging benefits by performing 
health and economic analysis of proposed programs. Economic research aims to evaluate and 
minimize any adverse economic impacts of CARB’s programs, and optimize the use and benefits 
of incentive funds. It also aims to build a research framework to understand the aggregate impact 
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of millions of purchase and investment decisions on the uptake of new technologies that affect air 
quality and climate change. Moving forward, this research aims to address the following overarching 
research need: What opportunities are there for economics to equitably accelerate the transition 
to zero-emissions? The tools and methods described in the following research initiatives provide a 
way forward in addressing this research need:


• Research on market transformations (Page 45) aims to understand how CARB can 
optimize incentive funds to increase the uptake of clean transportation technologies that 
reduce emissions from mobile sources and any opportunities to accelerate the transition 
to zero-emission vehicles, buildings, and other goods. It is also important to track how 
investments are impacting air quality, especially in priority communities.


• This work feeds into program assessment (Page 46), which aims to understand the 
impacts of incentive programs on air quality and climate change and ensure that they benefit 
historically marginalized communities.


• CARB will expand this work to leverage behavioral economics (Page 48) to facilitate 
improved regulatory compliance for new and existing regulations and to increase the 
impact of incentive dollars by improving communication of the benefits of low-polluting 
consumer options. This new research initiative will help to better communicate the benefits 
of CARB programs, but also advance analytical methods to inform policies and streamline 
enforcement.


Air Quality – State Implementation Plans
CARB’s air quality research provides the technical and the scientific foundation that supports the 
development of the State Implementation Plans (SIPs). With information from this work, CARB has 
implemented multiple strategies to reduce criteria pollutant burdens. However, various regions of 
California still have air quality levels that exceed mandated limits, particularly for ozone and PM2.5. 
Moving forward, the air quality Research Program will investigate the following overarching research 
need: What are the priorities to better understand ozone and PM exceedances, particularly with 
an increase in wildfires due to climate change? Are there insights on mitigation strategies that 
can be drawn from measurement analysis? The air quality Research Program will address this need 
with various research initiatives:


• Although CARB has performed a significant amount of research on ozone, the Research 
Program has pivoted towards investigating ozone sensitivity as well as strategies to reduce 
ozone precursors. In order to improve understanding of the various sources of ozone, the 
research initiative on ozone sensitivity and transport (Page 50) investigates sources 
of locally emitted precursors, and includes CARB’s efforts to measure and model ozone 
transported from outside the state. Identifying the dominant precursors that lead to ozone 
formation is an ongoing and crucial area of research. However, regulatory actions have 
led to significant emissions reductions, which have made regional ozone concentrations 
more sensitive to changing meteorology and climate change effects. CARB will continue to 
investigate how these changes will offset the air quality benefits expected from California’s air 
regulations and policies.


• The Research Program is also focused on identifying sources of PM2.5 (Page 54), or 
particulate matter smaller than 2.5 µm in diameter. Research is focused on PM2.5 monitoring 
and modeling for the San Joaquin Valley and identifying sources of PM2.5 from agriculture and 
consumer products. These efforts are needed to address the increasingly stringent annual-
average PM2.5 Federal Ambient Air Quality Standard. Wildfires have always been a concern 
as a source of air pollution, but the recent increase in fire activity has led to prolonged smoke 
days with PM2.5 concentrations reaching hazardous levels for ever longer periods of time. 
CARB’s Research Program is putting greater emphasis on the health effects of wildfire smoke 
as well as its effect on air quality. Research will be investigating the air quality impacts of both 
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prescribed burns and wildfires to improve understanding of the differences in their emissions 
and to more clearly identify the benefits of prescribed burns intended to reduce the incidence 
of catastrophic wildfires.


• CARB’s Research Program is also adding a new initiative on emission reduction strategies 
(Page 59) to identify opportunities for controlling sources of both PM2.5 and ozone 
precursors, such as volatile organic compounds (VOCs) and ammonia. CARB’s Research 
Program will also focus more heavily on research that leads to air pollution reduction, 
mitigation and health improvement strategies in the Imperial Valley region.


Mobile Sources
Mobile sources include both on-road and off-road vehicles, and together these sources comprise the 
largest emitter of GHGs and a major source of toxic and criteria pollutants in California. Air quality 
and climate change regulations have dramatically reduced emissions from mobile sources and 
improved air quality, even as VMT and vehicle population have increased steadily. However, much 
work is still needed to meet National Ambient Air Quality Standards. Mobile source research will 
continue to employ a variety of methods, including remote sensing and on-road portable emission 
measurement systems to support enforcement efforts, update inventory estimates, and guide future 
regulatory development.


The transportation landscape has changed significantly with a greater emphasis on clean vehicles, 
e-commerce, and telematics. There is huge potential to guide the transportation sector into a 
more sustainable future to address remaining air quality issues related to mobile sources. CARB’s 
Research Program will prioritize the following overarching research needs: What technology, 
efficiency and behavior strategies provide the best opportunities to accelerate the road to 
zero-emission vehicles as well as retire older, highly polluting vehicles? What are the challenges 
and opportunities specific to the off-road sector? What are the remaining sources (e.g. tire- and 
brake-wear) and their mitigation options? To address this and other remaining research needs, 
mobile sources research will maintain an active and varied set of research priorities:


• Even as ZEVs become more common under the new Executive Order mandate, internal 
combustion engine vehicles will continue to operate on the road. Light-duty fleet 
deterioration and high emitter tracking (Page 61) will remain an active area of research. 
Determining whether high emitters are impacting certain communities will be important 
because they could contribute to air quality disparities impacting priority communities.


• Adapting monitoring efforts to detect new defeat technologies will continue to be crucial 
for enforcement activities. Identifying real-world and laboratory emission discrepancies 
(Page 63) will also be an active area of research moving forward, and leveraging new tools 
and methods will evaluate vehicle activity and engine performance for assessing regulatory 
compliance.


• The potential of advanced technologies (Page 63) to reduce GHG emission from mobile 
sources is promising, but research must continue to assess unintended impacts of the use and 
proliferation of new technologies on air quality. Research will also continue to investigate how 
to maximize emission reductions equitably, by optimizing incentives and affordability of zero-
emission vehicles, and prioritizing reductions in California’s most impacted communities.


• Off-road vehicles lag behind in terms of emissions reductions, therefore achieving reductions 
from off-road (Page 68) equipment is an important area of research involving effective 
monitoring strategies and optimizing the introduction of zero-emission technologies to 
reduce GHG and criteria pollutant emissions.


• In-line with promoting advanced and zero-emission technologies and reducing VMT, 
increased freight efficiency (Page 72) research will identify strategies and benefits to 
boosting the efficiency of freight deployment. Research will also focus on the impacts of 
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increased e-commerce activity. Various tools and surveys will be leveraged to quantify these 
potential reductions and innovative transport technologies and operational strategies will be 
investigated as additional solutions for achieving air quality and climate goals.


• Despite adoption of advanced technology vehicles, non-tailpipe emission sources (Page 
76), such as brake- and tire-wear, will continue to affect air quality, particularly in localized 
hot spots. This could especially affect communities near large freeways and heavily trafficked 
transportation corridors. Moving forward, CARB research will focus on characterizing 
these emissions, improving monitoring methods, and refining estimates as brake and tire 
technologies evolve.


Climate Pollutant Inventories and Mitigation
CARB continues to fund work to analyze trends and refine emissions estimates and explore new 
mitigation opportunities for climate pollutants such as carbon dioxide, nitrous oxide, and short-lived 
climate pollutants, which include F-gases, black carbon, and methane. As California moves towards 
carbon neutrality by 2045, CARB research will focus on informing mitigation opportunities for these 
climate pollutants through comprehensive analysis ranging from emissions to air quality benefits, 
societal, land use, and health benefits. Research will consider how best to communicate benefits of 
GHG reductions, acceleration of low-GWP alternatives, carbon sequestration advances, and how 
best to utilize existing and emerging measurement tools including satellites. CARB’s climate research 
will prioritize the following overarching research need: What research can support California’s 
carbon neutrality goals through technology, emission and mitigation opportunities, voluntary 
consumer actions, and comprehensively evaluating and communicating benefits?


• This overarching research need will be addressed by funding work to evaluate trends 
and refining emissions estimates (Page 82) of greenhouse pollutants. Some important 
research needs include better utilizing existing tools and developing emerging measurement 
techniques, such as satellites, to advance understanding of GHG emissions.


• Research will also explore new opportunities to expand and improve mitigation options 
(Page 88) for carbon dioxide, nitrous oxide, and short-lived climate pollutants. Addressing 
these research needs will inform policies and programs and may find new opportunities to 
further reduce emissions. Communicating the benefits of these reductions is important as 
well, therefore, advancing understanding of the air quality and health benefits associated 
with GHG mitigation strategies is a research priority. Other mitigation priorities include the 
acceleration of low-GWP refrigerants and further developing carbon sequestration methods. 
Finally, information from emerging monitoring technologies, such as satellites, may provide 
additional opportunities to implement mitigation and enforcement strategies for point 
sources.


Sustainable Communities Program Support
The transportation sector continues to be the state’s largest source of greenhouse gas emissions, 
partly due to long-established land use patterns that have and continue to lead to high amounts 
of driving. To address this, CARB is highly focused on helping regions throughout the state create 
long-range land use and transportation plans that reduce Californian’s automobile dependency. This 
work is legislatively manded by SB 375, which requires that MPOs, create SCSs that, if implemented, 
reduce VMT and GHGs in line with CARB-set targets. The objectives at the heart of this legislative 
program are to promote sustainable communities, make communities more livable and walkable, 
prioritize housing development that is close to jobs and other key destinations, and invest in new 
mobility options that can help reduce how much people need to drive for their daily activities. 
Sustainable communities are neighborhoods with safe, reliable and affordable transportation 
choices, and equitable and affordable location-efficient housing options.
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Although this is not a new research initiative, this Proposed Triennial Plan places greater emphasis 
on this topic, in part because CARB’s 2018 analysis of SB 375 progress found that the State is not on 
track to meet the GHG targets. One challenge of the SB 375 program is tracking and incentivizing 
implementation of SCSs. Moving forward, the Research Program will emphasize efforts toward 
the following overarching research question: What are the barriers and opportunities to achieve 
sustainable communities for all Californians, and in particular, for priority communities? CARB’s 
Research Program will address this need with two research initiatives.


• Tracking progress and co-benefits (Page 93) will help CARB and others understand 
why the state is not yet on track to meet SB 375 goals, how it can return to a trajectory 
toward success, and what co-benefits exist that can further incentivize SCS implementation. 
Developing tools and highlighting best practices to assist local governments in the 
development of their SCS will help to maximize VMT reductions and public health benefits. 
This research is also focused on identifying the most equitable implementation of these 
strategies and how efforts should be modified to further equitable outcomes. This work will 
also include retrospective analyses to identify and overcome systemic barriers that have led to 
the exclusion of investments in priority communities.


• The Research Program will also continue to prioritize research aimed at evaluating 
reductions in GHGs from VMT, land use and buildings (Page 96). The built environment 
directly impacts VMT and personal carbon footprints. As changes to land use and housing 
are implemented, there is great potential for reductions in VMT and associated GHGs by 
improving the efficiency of traveling through that environment and increasing transportation 
options. CARB will also continue to develop new metrics and innovative methods, such as the 
use of “big data,” to evaluate GHG reductions that result from declining VMT, sustainable 
land use patterns, and from buildings themselves.


Changes to Research Methods
The Proposed 2021-2024 Triennial Strategic Research Plan includes several recent updates to 
research planning, project implementation, and engagement. Moving forward, the Research 
Program will engage with communities to develop a more equitable research planning process. In 
order to effectively serve communities and create research projects that are impactful and equitable, 
it is important to prioritize research methods that give communities a seat at the table. CARB needs 
community input and collaboration, especially for projects that aim to help mitigate air quality issues 
in priority communities. It is CARB’s aim to collaborate with community members and advocates 
on research projects, priorities, and future research initiatives. The discussion on these proposed 
changes provides initial thoughts as well as an invitation for further development with the goal of 
operationalizing racial equity in the research planning process and projects.


Finally, CARB’s Research Program will remain responsive to emerging topics and new priorities while 
fulfilling its mission to provide a solid scientific basis for CARB’s legislatively mandated programs. 
The Research Program will continue to fulfill this mission with large, multidisciplinary projects with a 
greater emphasis on equity and improving the health outcomes for priority communities.
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How Do We Operationalize Racial Equity  


in CARB Research?


CARB is initiating engagement with communities to inform how the Research Program can 
operationalize racial equity in CARB’s research planning, contract implementation, and outreach 
processes. Racial equity is defined as “transforming behaviors, insitutions and systems that 
disproportionately harm people of color and increasing access to power, redistributing and providing 
additional resources, and eliminating barriers to opportunity in order to empower low-income 
communities of color to thrive and reach full potential.”17 On October 22, 2020, the Board adopted 
Resolution 20-3318 stating CARB’s commitment to racial equity and social justice at every level of 
CARB’s operations. The Research Program will play an important part in fulfilling this commitment 
and in this Plan a process to begin operationalizing racial equity in CARB research is proposed.


What Changes Are Needed?
The Research Program is tasked with providing the scientific basis of CARB programs and plays 
an important role in CARB’s commitment to racial equity and social justice. In order to ensure 
the most impactful science is performed, research needs to be reframed to take into account the 
lived experience, expertise, and needs of communities directly affected by the environmental 
injustices that should drive CARB’s research priorities. The research itself needs to address the 
disproportionate effects of air pollutants impacting communities of color and reduce the harmful 
effects of these emissions where socioeconomic and racial disparities are most pronounced. There 
are two key ways CARB’s research program needs to evolve – incorporating community members 
and leaders equitably in research planning, projects, and outreach, and including research questions 
related to equity in research projects. Therefore, a new strategy for addressing equity should 
address both the research process and the research content.


In order to begin this conversation, CARB staff have drawn from various resources to help frame the 
discussion on operationalizing racial equity in CARB research. The Government Alliance on Race and 
Equity (GARE) has created a framework and racial equity toolkit19 to guide agencies through a model 
of change focused on normalizing, organizing and operationalizing racial equity. The Greenlining 
Institute has created an extensive report of recommendations on practices research institutes can 
implement, based on community input and positive real world examples, that advance racial equity.


To inform its outreach and engagement efforts, the Research Program will be drawing from parallel 
efforts occurring within CARB, such as the Strategic Outreach Roadmap under SB 350,20 and the 
Community Air Protection Program’s community engagement roadmap,21 among others. Finally, 
CARB staff have done preliminary outreach and engagement with internal stakeholders, sister 
agencies, and community advocates to collect feedback on past engagement efforts and potential 
actions the Research Program can implement moving forward. This section of the Plan sets up a 
process to improve the way research is developed and implemented, foster meaningful partnerships 
with communities, and help CARB more fully realize its racial equity and social justice commitments.


Identifying Past Issues and Barriers to Racial Equity in Research
The Research Program recognizes that operationalizing racial equity goals will require 


17 “Making Racial Equity Real in Research,” Hana Creger, Greenling Institute, 2020
18 Resolution 20-33 A Commitment to Racial Equity and Social Justice (ca.gov)
19 GARE-Racial_Equity_Toolkit.pdf (racialequityalliance.org)
20 ww2.arb.ca.gov/sites/default/files/2020-06/SB350_report_final_6.1.2020_0.pdf
21 ww2.arb.ca.gov/community-engagement-resources



https://ww3.arb.ca.gov/board/res/2020/res20-33.pdf

https://racialequityalliance.org/wp-content/uploads/2015/10/GARE-Racial_Equity_Toolkit.pdf

https://ww2.arb.ca.gov/sites/default/files/2020-06/SB350_report_final_6.1.2020_0.pdf

https://ww2.arb.ca.gov/community-engagement-resources
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acknowledgement of where the Research Program has failed to operationalize Racial Equity issues in 
the past, and finding new solutions at the individual, institutional and systemic levels. The Research 
Program will begin by understanding the context of racism in CARB’s programs and by identifying 
the barriers that persist in excluding communities from fully engaging in the Research Program.


In anticipation of releasing this Plan, CARB staff sought input from various sources to begin 
understanding past issues related to racial equity and meaningful community engagement. In 
September 2020, CARB hosted two public Research Roundtables to collect input on the proposed 
research initiatives in this plan and to gather input on current outreach efforts (public comments 
summarized in Appendix E). Various community advocates and stakeholders expressed a desire 
to see CARB diversify who performs research and improve its engagement efforts. In subsequent 
meetings, Research Program Staff received further input on CARB’s past engagement efforts. Below 
is a list summarizing feedback on past engagement efforts and research equity topics:


• Community members should be involved earlier in the research planning process


• Continuous engagement is needed while respecting community members’ time


• The project selection process should be more transparent and accessible and more diverse 
contractors should be selected


• More projects should focus on equity considerations


• The Research Program should create research opportunities in often overlooked 
communities such as Black and Vietnamese communities


• Repeated requests from Salton Sea and Imperial Valley communities to address air quality 
issues with cutting edge research should be addressed


• Research results should be disseminated in more accessible formats


Moving forward, further acknowledgement can occur by examining various aspects of the Research 
Program, including but not limited to: who has received funding in the past, how many research 
projects focus on equity concerns, how often have communities co-created research projects with 
CARB, and how accessible have results been to communities. This assessment could help establish a 
baseline and define quantitative and qualitative metrics to track progress as the Research Program 
evolves. CARB is interested in conducting an equity assessment of the Research Program with input 
from community members and stakeholders.


Figure 3: goals For Future research planning that addresses equity issues


Racial equity in research:
• Assess past practices
• Solicit community input
• Set goals


At these levels:
• Individual
• Institutional
• Systemic


Find solutions


Making program changes:
• Research planning
• Contract implementation
• Dissemination of results


Identify tools & 
metrics to implement 
solutions at all levels 
and track progress


Analyze in context 
of Research 
Program Process


Setting Goals at All Levels
Operationalizing racial equity in CARB research should be addressed at the individual, institutional 
and systemic level. At the individual level, CARB staff, contracted researchers, external 
stakeholders, and community members should interact during the various phases of the Research 
Program process. Racial equity outcomes depend on these individual interactions, and many 
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solutions may be adopted to improve relationships and decision making opportunities by individuals 
involved in the process. Solutions could include, but are not limited to: training on implicit bias 
and racial equity, communication, and community engagement for CARB staff and academic 
researchers; acknowledging cultural differences and power dynamics to avoid harm to communities; 
strengthening partnerships through authentic engagement and creating opportunities for academic 
and community representative partnerships.


At the institutional level, CARB needs to examine its research program, processes and policies 
to identify, regardless of intent, barriers to racial equity and develop corresponding solutions. 
This could include, but is not limited to: reframing conceptions of engagement with communities 
from providing input to co-creation and partnership; establishing long-term engagement across 
all stages of project development that are not limited by contract timing requirements; identify 
strategies to overcome existing barriers to compensating community partners appropriately for 
their expertise; requiring engagement plans from contractors at the proposal stage for projects that 
clearly need them; creating more transparency in project selection; providing more accessibility to 
data and results in more inclusive formats and translated to languages beyond English; and, getting 
community input on desired data products to be in-line with community needs and include more 
varied data types, including more qualitative data, and data that can be disaggregated by race and 
ethnicity or other socioeconomic factor.


Finally, a Research Program that commits to advance racial equity can effect change at the systemic 
level through partnering with other entities and institutions with deep expertise in using data 
and science for equity. The Research Program can also effect systemic change by working with 
collaborators and encouraging them to adopt similar solutions to advance racial equity in the greater 
research ecosystem. In particular, CARB can work with other state agencies on common barriers 
to operationalizing racial equity. With more projects focused on equity, the Research Program can 
provide results that aid CARB in fulfilling its environmental justice and racial equity goals.


Equity in the Research Program Process
The various levels of change described above affect every part of the Research Program process. 
These include: research planning, contract implementation, and dissemination of research results. 
Various tools can be adopted at each stage to improve transparency, increase opportunities for 
input, and reduce barriers to authentic partnerships with communities. CARB will be working with 
communities over the long-term to identify those tools and the best strategies to implement them. 
Some tools that can be implemented in the short-term include: online tools and resources, changes 
to contracts, continuous engagement efforts; and internal changes to CARB’s processes. CARB is 
committed to working with communities to identify the most effective tools.


A Starting Point
CARB realizes that the first step to developing and implementing strategies to improve equity in 
research is to get community member, community group, and academic input on feasible, realistic, 
and meaningful engagement. The initial ideas outlined in this Plan are a starting point for this 
engagement and the next step will be to outline a process to have an effective dialogue without 
overburdening communities. After the March 2021 Board hearing, CARB Research Program staff 
will begin further engagement to collect input and suggestions to develop a strategy for inclusion 
in the Research Program through listening sessions with stakeholders and pilot testing ideas. Staff 
will update the Board on the progress made and lessons learned for the draft strategy over the 
next several years. The goal is to establish an ongoing and inclusive process to develop a flexible 
framework that can evolve over time.


Some strategies will be implemented this year because some more inclusive aspects of the research 
process can be tested and will provide lessons learned. With that perspective, beginning this 
year, CARB will be piloting ideas both in the annual research process and in the implementation 
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of research contracts that include a community focus. CARB will continue to ask for input from 
community members and other research entities while developing new strategies in the 2021-2022 
fiscal year, and intends to implement additional elements over the next three years.


Identified Tools for Pilot Testing
1. One potential strategy for increasing engagement is to provide appropriate and diverse tools 


for connecting academic researchers with community research partners. CARB is required to 
prioritize contracting with UC/CSU researchers. As a consequence, community partners are 
excluded from being principal investigators in many cases. However, UC/CSU researchers 
can be incentivized to work with community research partners and non-academic research 
institutes as sub-contractors. Fiscal year 2021-2022 research projects will pilot the use of an 
online forum called Empower Innovation. Empower Innovation was created by the California 
Energy Commission to facilitate new collaborative connections between academic and 
community researchers.


2. Additional online tools are being considered to provide greater transparency on project 
successes and milestones and provide technical guidance to communities research partners in 
order to reduce barriers to accessing research funds.


3. Hosting annual workshops on upcoming solicitations for research proposals can provide 
assistance for applying to these solicitations and creates a forum to connect academic and 
community researchers. These workshops can be hosted in person once it is safe to do so.


4. Increased community engagement in research will have to be carefully planned to avoid 
overburdening communities and ensuring their involvement early in the process. A 
requirement for a community engagement plan and/or cultural competency statements can 
help principal investigators center community voices and increase their awareness of their 
own implicit biases when working with communities different from their own. Community 
engagement could also include participatory budgeting for community surveys, focus groups, 
and expert interviews. CARB will identify one or two fiscal year 2021-2022 contracts where 
this engagement is appropriate as pilots to inform best practices in future funding cycles.


5. CARB-funded research results are publicly available in final reports located on the CARB 
website. Assembly Bill 219222 requires that some taxpayer funded research results be made 
publicly available within 12 months of publication. Beyond CARB reports, the most common 
method for academic researchers to release research results is in scientific journals. However, 
both the article format and language may be inaccessible to many communities. An important 
aspect of effective engagement and communication that crosses all goals is providing 
transparent and broader access to research results. This includes disseminating information 
on research results in multiple languages, through various, culturally appropriate media, 
and crafted for a broad audience so that it is more relevant and captivating. This effort can 
potentially include disseminating educational material related to Research Program results 
that is interesting and approachable for all ages as a way to build public support for CARB 
programs. Moving forward, CARB will work with researchers and communities to get input 
on the interpretation of results from those communities and create plain-language summaries 
in accessible formats to disseminate results more widely – especially to the communities 
affected, who may be able to use this information for advocacy and decision making.


Moving Forward to Operationalize Equity in CARB Research
Using this starting point, CARB will begin a broader conversation that will be part of a long-term 
process. This will begin through public workshops, likely in the summer of 2021, to discuss goals, 
processes, and consider and expand upon the ideas and strategies laid out above to develop 


22 Bill Text - AB-2192 State-funded research: grant requirements. (ca.gov)



https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180AB2192
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informed strategies. The workshops will provide draft documents and other materials that include 
the initial ideas and strategies to allow for robust discussion and input. The process will begin with 
understanding if these are the correct goals and discuss if and how they align with community 
needs and resources. A stand-alone document with a plan for operationalizing racial equity in 
CARB research will be developed and include all proposed tools and priorities established during 
the engagement process. One of the important tools that should be developed is a checklist or 
assessment tool that helps direct future research priorities that address racial equity issues in all 
aspects of CARB research. Moving forward, various elements will be phased in and scaled up based 
on priorities identified through future engagement.


taBle 2: summary oF proposed near and longer-term goals


Near-Term Goals Longer-Term Goals


• Make public solicitation for 
research concepts more 
accessible and widely available


• Release solicitation for proposals 
for FY21-22 projects on Empower 
Innovation and incentivize 
partnerships between academic 
and non-academic researchers; 
Host workshop on solicitation


• Require community engagement 
on research efforts centered on 
communities


• Begin to create online tools 
and resources to increase 
transparency on research planning 
and contracting processes


• Host listening sessions in summer 2021 to expand on 
initial equity elements and solicit input on community 
engagement


• Start work on a formal strategy to operationalize equity 
in CARB research with robust community engagement 
(separate, stand-alone document)


• Create opportunities for community-driven research 
projects and improve engagement at all project steps


• Center community voices, provide opportunities to 
train both CARB staff and academic partners in implicit 
bias and racial equity and require cultural competency 
statements when applying for contracts centered on 
communities


• Improve contracting practices and pilot test elements 
on 1-2 projects in the coming fiscal years


• Establish baseline/past practices, create metrics and 
track progress


• Identify barriers to operationalizing racial equity and 
work with other state agencies facing similar barriers to 
find common solutions


• Annual updates on progress at annual Board meetings 
and in future Triennial Plans


An important racial equity tool is using results-based accountability and tracking how much is 
accomplished, how well is it accomplished and if community stakeholders actually benefit from 
actions taken. CARB will collect feedback from stakeholders as these strategies for increased equity 
are created and implemented and track metrics to evaluate progress and options for a longer 
term process. Metrics may include, but are not limited to, the number of new research partners 
introduced to CARB’s Research Program, the number of public workshops hosted by CARB to 
discuss research processes and priorities, and the number of projects developed in partnership 
with community members. The 2024-2027 Triennial Strategic Research Plan will include a more 
established framework with community buy-in, including lessons learned and specific contract 
requirements, which will provide guidance for future research. Although equity is addressed in many 
of the research initiatives summarized in this Plan, the next Plan will more thoroughly address racial 
equity under the guidance of the tools developed through the planned community engagement 
efforts proposed here.
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Research Methods


Figure 4: schematic oF relationship Between carB program needs and research 
program elements
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The research methods used to fulfill CARB programmatic research needs consist of extramural 
contracts (awarded to academic partners), in-house research (performed by CARB staff), and 
collaborative research efforts (performed in coordination with other research entities). In-house 
expertise is utilized to perform independent research projects, or in coordination with extramural 
research contracts. These in-house efforts are directed in support of CARB programs or to identify 
new areas of research. In-house projects often leverage data collected through CARB programs, 
as well as completed extramural research projects, to address new research questions, thereby 
maximizing their utility and applicability. In-house projects also include the development of 
instrumentation platforms and monitoring campaigns to study emissions from various pollution 
sources. Finally, in-house research projects leverage CARB laboratory facilities designed to test 
vehicle emissions, analyze field samples, and certify air monitoring equipment, to improve the 
robustness of research. Various in-house research projects are highlighted throughout this Plan.


Research Planning and Scientific Rigor
CARB undertakes an extensive planning process every year to solicit input on the annual selection 
of research projects and ensure that the Research Program is meeting agency priorities while 
utilizing robust, sound science to address the needs of Californians. CARB’s Research Program is 
re-considering its planning processes and ramping up efforts to engage more community members 
and advocates throughout the process and encourage collaboration across disciplines. New or 
additional steps and processes will be added in the future.
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Figure 5: research plan development timeline
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CARB initiates the annual research planning process with an open, public solicitation for research 
concepts (Figure 4). Research concepts are informed by the research initiatives described in this 
Plan and prioritized through internal and external coordination meetings. CARB coordinates with 
stakeholders, including state and federal agencies, local air districts, and research institutions, in order 
to avoid duplication of effort, leverage funding, and identify opportunities for collaborative efforts.


CARB realizes that the process has been more oriented towards input from academic and 
government stakeholders than from the public, and that CARB research needs to better reflect 
community voices. To do so, CARB will be broadening its outreach, adjusting its process, and 
encouraging more community-academic partnerships in future solicitations. Staff will be starting a 
discussion with priority community members to better understand and address the needs of these 
communities. Staff will be hosting virtual public meetings, and in-person ones when safe to do so, to 
foster community engagement throughout the research development and implementation process.


After identifying priority research concepts, they are presented to the Board for approval. If approved, 
staff will then initiate a solicitation for full research proposals from researchers in the University of 
California (UC) and California State University systems (CSU). As required by state law (Health and 
Safety Code Section 39700), CARB must solicit for principal investigators within the UC/CSU systems 
first, but may go out for bid if the appropriate expertise does not exist in the UC/CSU system.


CARB undertakes a rigorous review process to select winning proposals, which are then reviewed 
by the Research Screening Committee (RSC). The RSC is a legislatively- mandated committee 
comprised of a multi-disciplinary set of experts who provide formal external peer review and ensure 
the scientific rigor of both proposed and completed research. The RSC consists of professors, 
scientists, and engineers from academia, scientific agencies and industry. They have experience in 
air pollution, health, climate, and environmental justice. Proposals for research are reviewed by the 
committee and approved if the proposed scientific methods are sound and cost- effective. Final 
research reports are reviewed in a similar manner.


Once a project proposal is peer-reviewed and approved by the RSC, the Executive Officer approves 
the contract and then work can begin. CARB staff manage projects and hold quarterly update 
meetings to provide input and to seek input from internal and external stakeholders. Large or 
complex projects are assigned technical advisory panels for oversight. Final reports are released to 
the public, and available on the CARB website after approval from the RSC.







23Triennial Strategic Research Plan for Fiscal Years 2021-2024


Coordination and Collaboration


CARB coordinates research with other state agencies, federal agencies, local air districts, and 
research institutions to avoid duplication of effort, leverage funding, identify opportunities for 
collaborative efforts, and maximize the utility and applicability of research results. Sharing lessons 
learned across programs and agencies is another key element of coordination and collaboration 
across agencies and institutions.


To promote coordination, CARB does engagement at all stages of the research process, from project 
development, updates on research progress, through final reports. Additional coordination with other 
state agencies is done through participation in interagency working groups, such as the Climate Action 
Team Research Working Group, and the Transportation Research Roundup (a group that coordinates 
on state-funded sustainable community and transportation research). These groups provide a forum 
for CARB staff to present research results and proposed research activities. CARB staff also make 
efforts to reach out through individual meetings to facilitate coordination with external groups, 
including academia, federal agencies, local agencies, the international community, and private entities.


Research Coordination and Dissemination


Partnering with other research entities is another way 
that CARB’s Research Program coordinates and lever-
ages expertise in the research community. Sponsorships 
also provide an opportunity for CARB to collaborate on 
research initiatives at other institutions and ensure that 
CARB’s research results are elevated to national and 
international platforms. CARB has historically partnered 
with, among others, the National Center for Sustainable 
Transportation (NCST) and the Sustainable Transporta-
tion Energy Pathways (STEPS) Center at the University of 
California, Davis. CARB also coordinates with the Coordi-
nating Research Council (CRC), the Health Effects Insti-
tute, the Transportation Research Board, National Oce-
anic and Atmospheric Administration (NOAA), and other 
federal agencies. CARB will seek to partner with research 
organizations with deep expertise in racial equity.


Communicating Results
CARB staff disseminate new research results to the public through seminars, press releases, 
newsletters, final reports, and updates at Board Meetings. CARB also co-sponsors workshops with 
other state agencies on a variety of research topics. The workshops provide a public setting for 
researchers funded by multiple state agencies to showcase their efforts, provide an opportunity for 
an in-depth discussion of the implications of their results, and identify remaining research needs. 
Moving forward, CARB will consider new ways to make research results more accessible to the public. 
For example, by holding meetings at varied times to accommodate schedules and by providing 
reports in accessible formats and languages. This is especially important for projects involving 
priority communities, where community engagement will be critical in deciding how best to mitigate 
air quality issues in their communities. Legislation such as SB 375 and AB 617 require community 
involvement, and additionally programs are developing stronger guidance to prioritize community 
inclusion such as the Sustainable Transportation Equity Project.23 This exemplifies CARB’s commitment 
to help empower priority communities by providing the latest information on air pollutant emissions, 
exposures, and health impacts to enable them to engage in future policy and regulatory proceedings.
23 https://ww3.arb.ca.gov/msprog/step/step_community_inclusion_guidance.pdf


research communication tools


• CARB Research Website
• CARB Research Listserv
• Press Releases
• Factsheets
• Research Briefs
• Public Seminars
• Peer-reviewed Journal Articles
• Final Reports
• Research Updates to the Board


These items, and more information on 
how to get involved in our research 
planning process, can be found on 
CARB’s research website (arb.ca.gov/
research/research.htm)



https://ww3.arb.ca.gov/msprog/step/step_community_inclusion_guidance.pdf

http://www.arb.ca.gov/research/research.htm

http://www.arb.ca.gov/research/research.htm
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Leveraging research DoLLars


In recent years, CARB has increased efforts to leverage research dollars provided by other agencies 
to achieve research needs and continue to serve state air quality and climate goals. In assisting 
CARB’s regulatory program in developing the Short-Lived Climate Pollutant Reduction Strategy 
(developed and adopted in response to SB 605 and SB 1383, respectively), CARB’s research 
program pulled from multiple sources and collaborated with multiple agencies to provide the 
needed data during rule development. Research efforts also helped to identify SLCP sources 
and evaluate their emissions, as well as develop new emissions reduction strategies for some 
pollutants and track progress in achieving State GHG reduction goals. CARB coordinated with 
NASA, NOAA, ARPA-E, EPA, NIST, JPL, LBNL, LLNL, Caltech, Scripss, UCs, CEC, BAR, CalRecycle, 
CalEPA, DOGGR CalGEM, OPR and CDFA in this massive research effort which included aerial 
measurements, ground-level measurements, and satellite data analysis. Moving forward, CARB 
intends to continue seeking out collaborative opportunities which pull in expertise, funds and 
innovation in order to tackle our agency’s mission.


Figure 6: scope oF large scale research coordination eFFort to measure  
greenhouse gases on multiple platForms
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https://ww2.arb.ca.gov/resources/documents/slcp-strategy-final

https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201320140SB605
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Conclusion


The role of CARB’s Research Program is to perform forward-thinking research that helps 
strengthen CARB’s policies and regulatory programs and identifies new issues affecting air quality 
and related health issues, particularly for priority communities. CARB’s Research Program will 
continue to address CARB program needs, such as achieving carbon neutrality and the equitable 
implementation of SB 375. Emerging topics, such as technology innovations, new transportation 
trends, and impacts from wildfires will continue to drive research priorities as well. Over time, 
CARB seeks to expand its work and in-house expertise to include new disciplines like behavioral 
economics, and to develop multidisciplinary projects with non-academic research partners. CARB 
is highly focused on incorporating equity considerations across programs and will ramp up efforts, 
as well as leverage existing efforts, to effectively engage with communities to get their input on the 
type of research that best serves their needs and builds on their expertise. The ideas and strategies 
presented here are a starting point for discussion. Determining the most effective processes and 
strategies will take time and engagement. This Plan is considered to be a work in progress, as the 
Research Program will continue to respond to emerging challenges and future legislation that may 
force the agency to shift or broaden its research priorities. CARB staff will report on updates and 
progress on the initiatives in the Triennial Plan annually to the Board. CARB staff will also report 
updates and progress on the proposed strategy for operationalizing equity in CARB research 
annually to the Board.
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Research to Support CARB’s Programs


Health
CARB’s research on the health effects of air pollution has helped to set state and national air quality 
standards. It focuses on emerging issues of importance to protect California’s communities. Improving 
the understanding of the health impacts of air pollution exposures through epidemiological research, 
and developing pollution and exposure reduction strategies continue to be high priorities. CARB’s 
in-house health assessments are guided by the latest science and identify the potential human 
health benefits of CARB programs, plans, strategies, and regulations. The health program also 
funds external research on topics including the health effects from indoor and outdoor air pollution 
exposure, assessments of real-world exposures to pollutants – particularly among California’s priority 
populations – and the identification and evaluation of exposure reduction strategies.


Exposure Impacts and Mitigation


Background and Past Research: CARB’s mission is to promote and protect public health and 
is focused on reducing emissions and health effects from criteria pollutants, including PM2.5 
(particles up to 2.5 micrometers in diameter) and ozone, toxic pollutants and greenhouse gas 
pollution. CARB’s health Research Program has provided the basis for many regulatory programs by 
investigating the connections between exposure to criteria pollutants and air toxics and negative 
health outcomes. Understanding exposure pathways helps uncover potential mitigation methods 
which improve air quality and help to avoid health burdens.


Over the years, CARB has sponsored landmark research on the additional risks faced by sensitive 
groups that are more susceptible to exposure impacts. Sensitive groups or receptors include 
individuals who are more susceptible to the health impacts of air pollution due to their age, other 
medical conditions, socioeconomic status, ethnicity, community factors and additional pollution 
burdens. One such study is the Children’s Health Study, which revealed the extent to which ozone, 
nitrogen dioxide, acid vapors consisting of nitric acid and hydrogen chloride, and particulate matter 
affect children’s lung development. The results of this study are evidence for classifying children in 
a sensitive group for air pollution health effects, and have shaped California legislation addressing 
children’s microenvironments. CARB also funded a study of families in different neighborhoods in 
Los Angeles County. The researchers found that children more highly exposed to traffic pollution 
were 30-40 percent more likely to report wheeze symptoms.


Additional work on elderly people with cardiovascular disease in Los Angeles explored new ways 
to study vulnerability, such as examining the impact of genetic variability on health in populations 
exposed to different sources of air pollution, and provided information on the effects of air pollution 
exposures from different sources. Furthermore, traditional animal studies have focused almost 
entirely on male animals, so data on female health were limited. Although postmenopausal women 
have been shown to be more susceptible than men to PM-induced cardiovascular disease, it was 
not clear why. In response to this research gap, CARB funded an animal study examining both males 
and females, to allow for comparison between the sexes as well as testing the role of estrogen in 
cardiovascular outcomes (see research highlight below).


Current Research: CARB seeks to remain on the cutting edge of health research with tools that 
reflect changing exposures and related health risks and the understanding of those risks in order to 
mitigate impacts. For example, due to CARB’s success at reducing ambient PM2.5 levels, the relative 
proportion of particles arising from non-exhaust sources, such as tire and brake wear, is increasing. 
Given the high metal content and larger particle size, these non-exhaust sources are of concern since 
they may disperse differently, affecting populations living and working closer to major roadways. 
Realizing this, CARB has funded research on maternal exposure and pregnancy-related health 
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impacts from brake and tire wear PM. In addition, past CARB studies have examined joint pollutant 
exposures, such as the effects of combined ultrafine PM and ozone, on the heart and lung in animal 
models. More work and new tools will be needed to better understand how multiple environmental 
stressors and pollutants affect health, particularly for sensitive groups and priority communities.


The COVID-19 pandemic has brought unexpected health challenges that highlight disproportionate 
impacts in priority communities. CARB-funded research is investigating the health risks faced by 
California residents exposed jointly to ambient air pollution and the coronavirus SARS-CoV-2. A 
state-wide research project funded by CARB has been designed to examine whether long-term 
exposure to air pollutants (including PM2.5, PM10, NO2 and ozone) increased COVID-19 case/death 
rates and severity in California using sub-county level data. Moreover, the study will investigate 
whether disparities in exposure to air pollution may explain a significant portion of the observed 
disparities in COVID-19 morbidity and mortality in the African American population and other 
priority communities in California.


Another research contract will investigate whether air pollution worsens the prognosis for patients 
infected with COVID-19 in Southern California where levels of air pollution often exceed California 
standards. This contract will utilize data from a patient base with in-depth patient history to allow 
for more analysis of individual and possibly community factors contributing to illness and deaths. 
The data will therefore be more detailed than the state-wide analysis and allow for more developed 
analysis. The contract will specifically examine the outcome of confirmed COVID-19 cases by 
examining admission to hospital, admission to the intensive care unit (ICU), advanced oxygen 
treatment or being put on a ventilator, and death in hospital. This may tell us how air pollution 
impacts the vulnerability of populations to ailments, such as COVID-19, underlining the importance 
of air pollution control measures to reduce illnesses beyond those previously linked to pollution 
exposures. The COVID-19 pandemic has revealed that disparities have real-life health outcomes, 
underlining the need to move as quickly as possible to reduce emissions across all communities to 
improve health and increase resiliency.


Future Research: Moving forward CARB’s Research Program will expand understanding of exposure 
impacts that are strongly correlated with air pollution and air toxics emissions, and determine 
methods to better evaluate the health burdens experienced in priority communities and sensitive 
groups. The Research Program will continue to quantify the degree to which vulnerable groups 
are more sensitive to air pollution exposure and how their exposure may change as communities 
develop mitigation strategies. For more sensitive groups, more research is needed to determine how 
health outcomes may better inform more protective air quality standards, which should be inclusive 
and considerate of the cumulative health risk of the most vulnerable community members. CARB 
research will also continue to address the correlations between air pollution and health outcomes 
and how these correlations relate to sociodemographic characteristics. Emphasis will be placed 
on elucidating these correlations for vulnerable populations and designing mitigation options that 
address disproportionate exposure impacts on California populations of concern.


Research Question:


• To what extent are sensitive groups (e.g., children, the elderly, impacted communities) more 
affected by air pollution impacts, and how will these groups’ exposure to pollutants change in 
future?


Evaluating health risks from less understood but important sources, such as tire and brake wear and 
multi-pollutant exposure, will continue to be a Research Program priority.


Research Questions:


• What additional pollutants need to be considered (e.g. toxics, non-tailpipe vehicle emissions)?


• How can we estimate the health effects that result from multipollutant exposures, particularly 
in communities near ports, railyards and other pollution hotspots?
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• How do short and long-term ambient air pollution exposure affect people’s resiliency and 
susceptibility to additional infections (e.g. COVID-19) as well as the severity and mortality of 
the resulting infections? Does this differ for priority communities?


Health Analysis


Background: CARB estimates the impact of emissions on health endpoints as they relate to its 
programs, regulations, and policies, such as its Mobile Source Strategy, Climate Change Scoping Plan, 
and Short-Lived Climate Pollutant Reduction Strategy. In these health assessments, CARB has focused 
on quantifying health effects associated with exposure to PM2.5 including premature deaths from  
pre-existing cardiopulmonary disease, hospitalizations related to heart and lung disease, and 


research highlight: older women may Be at greater cardiovascular risk  


From pm exposure


CARB research helps ensure that California’s air quality programs reflect the latest scientific 
knowledge of the human physiological response to air pollutant exposure. An up-to-date 
understanding of how the response to exposure varies across sensitive groups is needed to 
accurately estimate the benefits of air pollutant control policies and ensure that those benefits 
are equitably distributed. Recent epidemiological studies have found that older women may 
be more susceptible than men to cardiovascular damage from exposure to PM2.5 because the 
cardioprotective effects of estrogen decline after menopause. To test this hypothesis, UC Irvine 
researchers performed a toxicology study that assessed the effects of PM2.5 exposure on ovarian 
and cardiac health by exposing genetically modified mice to concentrated ambient PM2.5. The 
research team’s findings support the hypothesis that exposure to PM2.5 may increase risk for 
cardiovascular disease in older women by accelerating the onset of ovarian senescence. Results 
showed clear evidence that PM2.5 exposure impairs ovarian function (Figure 7). They also showed 
that multiple measures of heart rate variability – a positive indicator of cardiovascular health – 
decline more significantly in females than in males as a result of PM2.5 exposure. Further analysis 
indicated that PM2.5 exposure may have enlarged and thickened the left ventricle (the heart’s main 
pump) in female mice, negatively affecting cardiac function. This research highlights the need 
for follow-up studies on the impacts of PM2.5 exposure on reproductive toxicology to enhance 
CARB’s understanding of the gender-differential damages caused by air pollutant exposure.


Figure 7: primordial and primary Follicle numBers per ovary were reduced in the Female 
mice that had Been exposed to pm2.5 compared to control mice exposed to Filtered air
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emergency room visits for asthma. However, studies suggest strong associations between PM 
exposure and increased work loss days (when an individual is unable to attend work due to illness), 
restricted activity days, and even effects on the brain, such as brain degeneration that could potentially 
contribute to dementia and brain development concerns that can lead to learning disabilities in 
children. These findings underscore the need to expand understanding of exposure impacts from air 
pollutants, particularly in priority communities, and quantify these impacts in health assessments.


Evaluating and quantifying additional health endpoints will help CARB better understand the 
broader health benefits of CARB policies and programs, the economic costs of pollution related 
illnesses and health care, and disparate health outcomes experienced in different communities, 
particularly priority communities.


Current Research: In order to expand health analysis research, CARB research is currently 
investigating the effect of PM2.5 exposure on several different health outcomes including work 
loss days in California. The study on work loss days will also examine days associated with wildfire 
smoke exposure. Another ongoing CARB funded study using GPS enabled inhalers will quantify 
the relationship between vehicle pollution, which includes non-exhaust pollutants, and sub-acute 
respiratory disease symptoms represented by medication use, for 2,870 patients in the major 
metropolitan areas of California. The results of this research will help CARB identify communities 
with disproportionate exposures and health impacts for possible mitigation strategies. In addition, 
the results will be used to support respiratory disease symptoms as a health endpoint in CARB’s 
quantitative health impacts analysis.


In another project, CARB’s contractors are developing a transparent and easily understandable 
tool to estimate and value health outcomes from reductions in exposure to pollutants including 
criteria pollutants and air toxics. This tool will include updating our understanding of health effects 
of pollutants in priority communities based on the most recent literature. In addition, CARB is 
developing a methodology to model health co-benefits of programs impacting the state’s Natural 
and Working Lands (NWL). NWL include forests, woodlands, rangelands, farmlands, and urban 
green space. This project will create a scenario tool that quantifies human health impacts resulting 
from policies and programs that affect land use of NWL. A literature review will be performed to 
find existing NWL policies and models, as well as identifying direct effects to human health. It is 
anticipated that the resulting tool will fill critical knowledge gaps regarding potential human health 
impacts of various activities related to the conservation, management, and restoration of California’s 
NWL and may help to identify the programs and policies that have the greatest health benefits.


Future Research: CARB is currently engaged in these on-going research topics to expand health 
analysis tools and fill knowledge gaps to better support our regulatory programs, but more work 
is needed. Moving forward, CARB research will focus on correlating a range of positive health 
impacts with decreases in criteria and toxics emissions and climate change. This will provide a more 
comprehensive understanding of health benefits and will be used for policy recommendations. In 
addition, CARB is focused on understanding the unique exposures and health effects experienced 
in priority communities, including multi-pollutant exposures, and finding ways to better incorporate 
these effects into the analysis of CARB regulations and strategies.


Research Questions:


• What additional health outcomes (beyond premature deaths, asthma ER visits and 
hospitalizations for respiratory causes) can CARB estimate and monetize (if feasible) and how 
can CARB ensure that the outcomes reflect the diversity of California and the existing health 
burdens for priority communities?


• Are there non-quantifiable metrics CARB can use to reflect adverse health impacts?


• How can CARB update its tools to estimate and monetize, where possible, the health 
outcomes from a broad range of air pollutants, including criteria pollutants and air toxics, 
for proposed rules, regulations and programs? How can CARB update and broaden its 
understanding of the benefits of policies to reduce climate change?
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Indoor Pollution Sources, Exposure, and Mitigation


Past Research: The indoor microenvironment has been a continually impactful area of research for 
CARB over the past few decades. CARB’s indoor air quality research improves Californians’ health 
by identifying indoor air pollution exposures and effective exposure reduction approaches. A 2005 
air-cleaning device survey, for example, found that while most people purchased air cleaners to help 
alleviate asthma and allergy symptoms, many devices emitted high ozone levels – some as high as 
a Stage-One smog alert. This finding led to state legislation authorizing CARB to regulate ozone 
emissions from indoor air cleaning devices. CARB’s Indoor Air Cleaning Devices regulation, the 
only one of its kind, went into effect in 2010 and CARB has been implementing and updating the 
regulation to increase public health protection based on additional research. CARB-funded studies 
also spurred regulation of other indoor toxics, such as formaldehyde emissions from composite 
wood products. CARB’s regulation limiting formaldehyde emissions from composite wood products 
was followed by federal legislation requiring national regulation of formaldehyde emissions from 
building materials. CARB’s research on building materials and design also contributed to both state 
and national green building standards, building energy codes and certification criteria.


Recent CARB-funded research had important findings that have directly impacted California policies. 
The culmination of research found that: (1) high-efficiency filtration in homes can remove over 90 
percent of particles from incoming outdoor air with low energy consumption, and (2) this high 
efficiency filtration can reduce asthmatic children’s doctor’s visits. These important findings fed into 
updated filtration requirements through the California Energy Commission’s (CEC) building energy 
codes. These requirements started January 2020 and will have a clear benefit to protect Californians 
from exposures to PM2.5, especially considering that Californians spend, on average, over 85% of 
their time indoors. Continued research on the effectiveness of different ventilation and filtration 
technologies will be needed to advance policies, such as the state building codes, as filtration 
technology advances and new sources of pollutants are found.


Current Research: CARB is examining emerging indoor air pollutants that are persistent and have 
health concerns, such as perfluoroalkyl and polyfluoroalkyl substances (PFAS). PFAS are widely used 
in consumer products and industrial applications, and have been classified as “possibly carcinogenic” 
to humans by the International Agency for Research on Cancer (IARC) and the US EPA. CARB has 
funded research to summarize the information about the sources of PFAS, both ambient and indoors, 
their potential health impacts, and available sampling and analysis methods. The study will provide 
recommendations for CARB on the best methods to measure PFAS in ambient and indoor air, soil, 
and indoor dust. This information will support research to determine the fate and transport of PFAS 
in key environmental media, Californians’ exposures to these compounds, and their impacts on public 
health. This is vital knowledge to determine appropriate exposure mitigation across different media.


CARB’s indoor exposure mitigation research is primarily focused on source control, but recently has 
also included a focus on built environments, such as high efficiency filtration and building envelope 
compartmentalization. In vehicles, CARB-funded research found that high-efficiency cabin air filters 
for passenger vehicles and school buses can reduce particle concentrations by 55 to 90 percent inside 
vehicle cabins, about twice the reduction achieved by the filters typically found in cars and buses.


CARB is also working to assess exposure reduction methods in multifamily housing, which represents 
more than 50% of new residential housing in CA annually and often houses a disproportionate 
percentage of disadvantaged families. Compared to single-family homes, achieving healthful 
indoor air quality (IAQ) as well as significant energy use and GHG reductions is more challenging in 
multifamily buildings due to substantial differences in building construction. Results of this study will 
provide critical information to CARB and CEC in support of improving California’s Title 24 Building 
Energy Efficiency Standards to meet California’s climate, air quality, and energy efficiency goals and 
ensure co-benefits for health.
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Future Research: Moving forward, CARB will continue to evaluate new technologies and materials 
that may present new exposures to harmful air contaminants, and existing and new strategies 
under development that will reduce exposure to air pollutants in California. Exposure in priority 
communities will continue to be a high research priority at CARB. Research is ongoing to characterize 
the exposure patterns of residents to air pollutants and noise both outdoors and indoors, and 
to identify sources that contribute to higher exposures in priority communities. Results from this 
research will be used to determine whether elevated risk from air pollutants necessitates additional 
measures for protection of residents in these communities and will guide future research needs.


Understanding exposures inside homes and buildings, especially in priority communities, to toxic 
air contaminants and other pollutants will continue to be a research priority. This includes the 
identification and evaluation of emerging indoor air pollutants of concern from sources such as 
building materials, consumer products and indoor appliances. Studies in this line of research will 
likely include evaluating the toxicity of PFAS and Californian’s exposure to PFAS in indoor air and 
dust from both indoor and outdoor sources.


A new area of focus is on building decarbonization. CARB emissions data and additional research 
points to the fact that combustion pollutants from building appliances generate health concerns 
in indoor environments while also contributing significant levels of GHG emissions and criteria 
air pollution to outdoor air. CARB presented a research update on this topic to the board in 
November 2020 and the board adopted a resolution focused on expanding CARB’s work to 
promote decarbonization in multiple ways and reaching out to priority communities to evaluate 
decarbonization strategies in different community contexts. CARB continues to evaluate research 
findings demonstrating the health benefits of reducing combustion emissions and utilizing building 
decarbonization strategies as well as assessing what additional research is needed to more fully 
understand health benefits. CARB is particularly focused on evaluating the health benefits from 
reducing exposures to combustion air pollutants from natural gas appliances in buildings, both 
indoors and outdoors. Additional research is needed on evaluating the impacts of wildfire emissions 
on indoor air quality, and assessing the efficacy of building cleanup practices after wildfire to provide 
science-based guidance for the public.


Research Questions:


• What are the most effective mitigation strategies beyond source reduction (e.g., filtration) to 
reduce air pollution exposure and improve health in indoor environments?


• Which sources of air pollutants indoors such as building materials, consumer products, and 
combustion appliances are responsible for the greatest amount of total (indoor and outdoor) 
exposures and health risks for residents and what are the best strategies for mitigating these 
impacts?


• What remaining information will further improve our understanding of the air quality and 
health benefits of building decarbonization?


Sustainable Communities and Health


Background and Current Research: California planners and policy makers face increasing demands 
for information on the health impacts of strategies to reduce GHG emissions from transportation. 
Senate Bill (SB) 37524 requires metropolitan planning organizations to reduce GHG emissions through 
land use and other strategies. Studies world-wide, including several in California, have identified the 
potential for health co-benefits of active travel (walking, cycling, and transit) in significantly reducing 
the existing burden of chronic disease.


Several Metropolitan Planning Organizations (MPOs) have set voluntary health targets in their 
Sustainable Communities Strategies (SCS), and have used a spreadsheet version of the Integrated 
Transport and Health Impact Model (ITHIM) to estimate the health impacts of their preferred 


24 Steinberg, Chapter 728, Statutes of 2008
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scenarios. CARB staff working on SCSs create guidelines for MPOs and provide assistance with 
models like ITHIM. To complement this work, a project funded in fiscal year 2017-18 created an easy-
to-use, open-source, updated version of the ITHIM branded as the Healthy Mobility Options tool. 
This tool helps MPOs set voluntary health targets in their SCSs, and helps MPOs and CARB calculate 
the health impacts of transportation strategies to reduce GHG that incorporate active transportation. 
When coupled with land use models, it may have additional applications to assess the health impacts 
of general plans. The insights gained from this research may lead to more sophisticated model 
versions that could be applied to project level and sub-county geographic scales.


CARB staff are also doing in-house work investigating commuters’ exposures to traffic pollution 
for different transportation modes and analyzing the impacts that SB 375, and other policies 
reducing vehicle emissions, are likely to have on such exposures. To translate research into a form 
that planners and other stakeholders can use readily, staff developed a “Technical Advisory” to 
supplement the 2005 Land use Handbook. This Technical Advisory includes strategies that CARB 
staff has determined can effectively reduce air pollution exposure near high-volume roadways. These 
strategies are based on scientific literature and CARB studies, as well as discussions with various 
state and federal agencies, academic experts, and other stakeholders. The Technical Advisory’s 
key strategies appear in the 2017 update of the General Plan Guidelines, and include direct links to 
CARB’s Technical Advisory for planners and stakeholders seeking more information.


A current in-house project has evaluated associations between walkability, PM2.5, and the prevalence of 
hypertension. Using adult participants (age 18 and older) from the California Health Interview Survey, 
this study found a beneficial association between hypertension and very walkable environments 
compared to car-dependent areas even after accounting for the potential adverse impacts of PM2.5 
and other factors such as age, sex, race/ethnicity, smoking, and education levels. In addition, similarly 
beneficial relationships were observed among males, Latino/Hispanic, non-Hispanic white, and younger 
age groups (<65 years old), those with low income (<$60,000), and participants from urban areas.


CARB exposure mitigation research is also focused on reducing exposure by altering the built 
environment. For example, previous CARB-funded research found that street designs and vegetation 
can both reduce community exposure to pollution. Streets designed with more open space and 
varied building heights can decrease near-street traffic pollution by up to 67 percent. Community 
and street designs can also encourage more walking, transit and active transportation.


An additional factor affecting health in the built environment is noise from traffic and other urban 
features. CARB currently has plans to use noise monitors and personal air pollution monitoring 
devices to collect data on commuters’ exposure to noise and air pollution. This represents 
an important first step in improving our understanding of noise-related health effects and 
considerations of noise in the development of future compact, infill communities.


Future Research: CARB will continue to support research that will help organizations engage in better 
informed decision-making on issues related to transportation and health. Moving forward, it is a 
research priority to quantify health benefits and incorporate them into the equation for estimating the 
net health effects of SB 375 at the state and local level. This work will also help design future mitigation 
strategies, including land use changes that reduce VMT, built environment features that reduce air 
pollution in microenvironments where people live and work, including in priority communities.


Research Questions:


• What are the net health benefits associated with advanced technology vehicles, smart 
growth, active transportation, and other strategies to reduce vehicle miles traveled?


• How can we use the information from existing and new tools to support local and community 
strategies to maximize health benefits and reduce near-roadway air pollution exposure?
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Environmental Justice
Environmental justice (EJ) refers to the the fair treatment and meaningful involvement of people 
of all races, cultures, incomes, and national origins with respect to the development, adoption, 
implementation, and enforcement of environmental laws, regulations, and policies.25 Achieving 
EJ is one of the most important objectives of air quality management, and CARB is committed to 
reducing the disproportionate exposure to air pollutants and resulting health impacts in priority 
communities. Priority communities26 include neighborhoods of California that disproportionately 
suffer from historic environmental, health, and other social burdens. These burdens include, but are 
not limited to, poverty, high unemployment, inadequate access to educational resources and training 
opportunities to secure high-road jobs, air and water pollution, presence of hazardous wastes, high 
incidence of asthma, heart disease, and other chronic illnesses. Due to historic discrimination, which 
includes discriminatory practices such as redlining,27 these communities often include high levels of 
residents and households with people of color, low-income status, seniors, people with disabilities, 
non-English speakers, and those who have limited awareness of or access to clean transportation 
and mobility options. This definition recognizes the need to be inclusive and deliberate in 
acknowledging past and current policies resulting in the accrual of these burdens and minimizing 
further harms as paramount in meeting the State’s equity goals and fostering actions that distribute 
community benefits intentionally and equitably.


Over the years, CARB has partnered with local and community organizations, carried out research 
projects and air monitoring studies to identify residual exposure risks, conducted health assessments 
of communities near ports and rail yards, studied health disparities, adopted regulations, and 
refocused enforcement efforts and incentive programs, all in support of EJ goals. These actions 
have resulted in encouraging improvements in air quality, especially in those communities where 
air pollution impacts have historically been the greatest. For several years, research projects have 
looked at health disparities in priority communities. CARB’s past research on the Environmental 
Justice Screening Method led to the development of CalEnviroScreen28 and further research on 
disparities. Previous in-house work on exposure disparities in priority communities has led to 
research focused on identifying the sources of these disparities so we can focus regulatory efforts on 
reducing exposures. And lastly, CARB’s EJ research has broadened to include innovative methods to 
detect and monitor odors and toxics, including metals and PAHs.


Cumulative Impacts


Background and Past Research: There is a long history of research and population health 
studies demonstrating that priority communities and communities of color are exposed to higher 
levels of pollution due, in part, to their proximity to air pollution hot spots including air toxic 
emitting facilities, hazardous waste sites, busy roadways, ports, and railyards. Proximity to these 
high-polluting sources and other environmental and social stressors result in a range of health 
effects including exacerbation of asthma in children that results in missed school days. Studies 
demonstrating these higher impacts include the Los Angeles Family and Neighborhood Survey 
(L.A.FANS), the East Bay Children’s Respiratory Health Study, and the California Health Interview 
Survey (CHIS). Findings from these studies have helped to inform policy decisions on motor vehicle 
emissions control and enforcement, as well as asthma prevention, control, and education in priority 
communities. For example, these results helped underscore the importance of siting sensitive sites 


25 Assembly Bill 1628, Rivas, Chapter 360, 2019
26 Priority communities include disadvantaged communities (DACs), low-income communities, and underserved  
 communities, which are specific terms used in many of the statutes and regulations in the Strategy (e.g.,  
 Senate Bill 535 (De León, 2012), Senate Bill 350 (De León, 2015), Assembly Bill 1550 (Gomez, 2016), Assembly Bill 841  
 (Ting, 2020)
27 Pollution and Prejudice (arcgis.com)
28 OEHHA’s CalEnviroScreen tool is a cumulative impacts tool that uses over 20 pollution and population indicators  
 to score community vulnerability and burdens by census tract, and rank communities across the state.



https://storymaps.arcgis.com/stories/f167b251809c43778a2f9f040f43d2f5
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away from pollution sources. An example is California Senate Bill (SB) 352, which prohibits school 
siting within 500 feet of a freeway.


In response to these disparities, CARB funded the development of the Environmental Justice 
Screening Method (EJSM), an innovative tool to look at cumulative impacts that informed the 
development of the CalEnviroScreen tool by the Office of Health Hazard Assessment (OEHHA). 
OEHHA’s CalEnviroScreen tool is an updated cumulative impacts tool that uses over 20 pollution and 
population indicators to score community vulnerability and burdens by census tract, and rank 
communities across the state. CARB has used research findings from the San Diego State study 
mentioned below and satellite-derived high resolution PM2.5 information to help update air quality 
data in the CalEnviroScreen model (see Figure 8 in research highlight titled: Mexican Emission 
Sources Could Impact California’s Border Communities). CalEnviroScreen has been used to guide 
allocation of Climate Investment Funds and decisions on enforcement priorities in priority 
communities and is increasingly considered in development of CARB’s regulatory strategies.


research highlight: comparing source-speciFic pollution Burdens in communities


California’s air pollution control policies have successfully reduced emissions of particulate air 
pollutants under 2.5 microns in diameter (PM2.5) statewide. But not all locations have seen equal 
improvement in air quality. Understanding the distribution of both air quality improvements and 
air pollutant exposure in communities throughout the state can aid CARB in policy development. 
CARB researchers developed a screening method that identifies pollution sources with potentially 
high impacts on exposure, and estimates the amounts of PM2.5 from these sources inhaled by 
regional residents. Linking air pollution exposure data to demographic data about those same 
locations permits researchers to compare air pollution exposure burdens by income level, age and 
race/ethnicity. The study found that annual PM2.5 exposure varies significantly by all these factors, 
with some of the widest variation across race/ethnicity. Combining these findings with the model’s 
location-specific data on emission sources reveals the relative exposure burden imposed on each 
race/ethnicity by each emissions sector (Table 3). CARB’s ongoing work to achieve environmental 
justice for priority communities can use these findings to help design regulatory programs that 
prioritize the most over-burdened locations and populations.


taBle 3: percent diFFerence in pm2.5 exposure concentration By race-ethnicity  
and emission source. units: μ g/m3, relative percent diFFerence


Emission Source Average ∆ White ∆ Hispanic ∆ Asian ∆ Black ∆ Other


Agriculture 1.37 -13% 16% -4% 5% -11%


Construction 0.28 -12% 11% 0% 21% -6%


Cooking 0.15 -21% 14% 16% 30% -8%


Elec. Gen 0.06 -15% 18% -5% 9% -11%


Fugitive Dust 0.21 -7% 10% -13% 20% -7%


Industrial 1.64 -25% 23% 12% 10% -18%


Misc. Fuel Comb 0.12 -20% 18% 9% 13% -12%


Nat. Gas and Petr. 0.22 -23% 19% 3% 42% -8%


Off-road Mob. Srcs 0.50 -21% 14% 14% 30% -9%


On-road Mob. Srcs 1.65 -19% 18% 5% 18% -12%


Residential 0.58 -9% 3% 14% 12% -3%


Total 6.78 -18% 17% 6% 15% -12%
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Current Research: Ongoing CARB research continues to support improvements to CalEnviroScreen 
to better capture patterns of cumulative exposures and impacts as well as social and health 
vulnerability. CARB is also carrying out research to better understand air pollution exposures in 
priority communities and sources that contribute to the highest exposure impacts. For example, 
a “total exposure project” is starting in fiscal year 2020-21 that will investigate exposures to both 
outdoor and indoor pollution sources in selected urban and rural priority communities. The impacts of 
noise may also be considered in this study, since it is a key, but little-studied, environmental stressor. 
Results from this work will be used to assess if stronger policies are needed for community protection.


CARB is also investigating impacts of oil and gas exploration activities in California and nationally. 
These activities have raised concerns about the potential health and equity impacts on local 
communities due to air pollution, water contamination, noise, and odors. A study that began in 
fiscal year 2018-19 is currently characterizing the potential health and equity impacts of oil and gas 
extraction activities at select locations in California to explore these concerns.


Future Research: For future projects in this research initiative, CARB is interested in investigating 
additional environmental stressors in communities, such as lack of access to healthy food, water 
quality, and air toxics sources. More research is needed to look at other measures of health burden 
such as psychosocial stress biomarkers, and to develop indicators to better track health conditions 
in priority communities. Investigating cumulative impacts is consistent with a recent CARB Board 
resolution directing staff to begin developing tools and methodologies to evaluate and mitigate the 
cumulative impacts of air toxics to inform the development of regulations and other strategies.


One important way to better understand the impacts of cumulative air pollution and environmental 
stressors and to evaluate progress in reducing those impacts is to identify and track health indicators 
in communities. CARB is planning to begin a new research project that will identify health indicators 
related to air pollution exposures in a number of Assembly Bill (AB) 61729 communities and begin 
tracking progress on these indicators to determine where health improvements are occurring in 
response to regulatory progress.


Moving forward, investigating risk factors in vulnerable communities and potential methods for 
mitigating these risk factors will continue to be a priority.


Research Questions:


• What are the cumulative health impacts of multiple sources of air toxics and environmental 
stressors?


• What individual and community risk factors, individually or in combination, are most strongly 
associated with increased vulnerability to health effects associated with air pollution (e.g., 
asthma), particularly for sensitive populations?


• What health indicators can be used to track the progress of mitigation measures?


• How can information on the cumulative health burden in priority communities be used to 
guide the prioritization of resources for monitoring and mitigation strategies?


CARB is also interested in air quality projects led by people in impacted communities since they 
have first-hand knowledge of the pollution sources and exposures in their area. Resident-led 
science-based campaigns could be implemented to empower communities to better understand 
the monitoring process and help identify and track cumulative exposures. CARB is looking for 
opportunities to support these types of public-led projects. Various public and resident-led 
science programs across the country have shown that concerned community members can carry 
out successful monitoring. CARB also aims to improve access to data from community monitoring 
networks and on real-time exposures. Moving forward, CARB would like to investigate how data 
from crowd-sourced monitoring networks can best be collected, utilized, and disseminated to 


29 C. Garcia, Chapter 136, Statutes of 2017
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empower communities to determine the best path toward improved air quality and health outcomes.


Research Questions:


• How can the use of crowd-sourced real-time sensing networks, resident-led science 
campaigns, and community monitors be optimized to identify and track cumulative exposures?


• Can this monitoring be incorporated into other analysis to provide more spatial resolution?


Short-Term Exposures and Health


Background and Past Research: Short-term and acute exposure events can lead to adverse health 
effects. Measuring those effects has been facilitated by examining multiple data sets or using novel 
tools such as global positioning system (GPS) enabled asthma inhalers. Earlier, a study on high-
efficiency air filtration in the homes of asthmatic children was described. That study found that 
although there was not a significant improvement in reported asthma symptoms, there were significant 
reductions in clinic visits, and a lesser decrease in emergency room visits and hospitalizations.


Current Research: Building upon that, a project beginning in fiscal year 2020-2021 will evaluate data 
from GPS-enabled rescue inhalers in Southern California communities. This new study will aim to 
identify when and where respiratory symptoms occur and to determine the air pollution exposures 
related to medication use. Ultimately, the results from this work will assist health analysis and help to 
identify areas with higher health impacts that could benefit from additional exposure mitigation.


Another consequence of short-term air pollution exposure is missing days of work due to health 
issues (work loss days). Investigators have recently begun a study to use the large CHIS dataset of 
health responses, along with air quality and meteorological data, to develop updated California data 
on the association between short-term PM2.5 and work loss days. This project will also analyze the 
economic impact from the potential changes in work productivity.


Recent studies suggest traffic-related air pollutants (of which PM2.5 is a major component) may 
produce health effects with exposure times as short as one hour. More research is needed.


Future Research: Two approaches to studying short-term exposures are being considered: One is 
to examine effects of exposures for periods less than 24 hours or even as short as an hour and the 
other is to examine the effects of spikes in sub-chronic exposures of days or weeks. Future research 
will consider which methods to utilize and which tools to leverage in these investigations. Future 
research will also consider how short-term exposures affect both health and economic productivity.


Research Questions:


• To what extent do acute smoke exposure incidents affect health vs. longer exposures?


• Which tools and metrics can be leveraged to discern both health and economic effects of 
acute exposures?


Short-term Exposures and Health: Focus on Wildfire Smoke


Background and Past Research: With Climate Change, wildfires are projected to become more 
frequent, longer in duration, and more intense over time. Indeed, in 2020, over 4 million acres were 
burned, more than double the amount within the past 20 years and millions of Californians were 
exposed to wildfire pollution. In 2018, the Camp Fire became the most destructive and deadliest fire in 
the state’s history. Wildfire exposures can be at very high levels over a relatively short period of time. 
Much historical research on PM has focused on effects of long-term (e.g. annual) exposures. However, 
less is known about shorter-term exposures to wildfire smoke, or about the impacts on sensitive 
groups such as children and the elderly. CARB research has examined the persistent respiratory 
and pulmonary effects of early-life exposure to wildfire smoke in a non-human primate. A cohort of 
outdoor-living rhesus macaques was unintentionally exposed in infancy to high levels of wildfire-related 
PM. As they aged, the animals showed persistent immune dysregulation and deficits in lung function 
compared to age-matched animals that hadn’t been exposed to smoke (see research highlight above).
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research highlight: mexican emission sources could impact caliFornia’s  


Border communities


Air pollutant emissions do not recognize international boundaries like the border between the 
United States and Mexico. But early versions of CalEnviroScreen, the tool CARB uses to identify 
California’s most disadvantaged communities, didn’t consider emission sources in Mexico that 
might impact California communities to the north. To help integrate their impacts in future versions 
of CalEnviroScreen, researchers from San Diego State University’s School of Public Health identified 
over a thousand Mexican emission sources within 50 kilometers of the border and developed a 
method to estimate their potential impacts on California’s border communities. Results indicate 
that areas immediately adjacent to the border and farther north in San Diego and Imperial counties 
are affected by emission sources in Mexico close to the border and further inland (Figure 13). But 
because California census tracts close to the border are large and sparsely populated, findings had 
little impact on environmental justice scores for these areas. Emissions from agricultural and urban 
burning newly identified by this study may affect environmental justice scores once integrated 
in future iterations of screening tools. Recommendations include using the methods and data 
developed by this study to assess border-specific approaches to incorporating Mexican emission 
sources in CalEnviroScreen scoring.


Figure 8: exposure pathways oF pollutant emissions From sources in mexicali to 
calexico, caliFornia. yellow and Blue correspond to higher and lower particle 
residence times, respectively. (log scale)
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Current Research: Short-term exposure to wildfire smoke is an active area of study for CARB. A 
white paper funded by CARB is examining how short (e.g. one-hour) PM2.5 exposures affect health; 
a symposium discussing these short-term exposure impacts is anticipated in 2021. An on-going 
statewide study funded by CARB investigates the acute health effects from relatively short-term 
exposure to PM2.5 (e.g., days and weeks) by studying associations between work loss days and 
ambient PM2.5 exposures during normal times and exposures during and after wildfires. This study 
will provide the information needed for CARB to calculate the impacts of regulations and policies on 
these health outcomes, and can be used to estimate the benefits from regulations reducing PM2.5 
exposures. A new follow-up to the primate study will investigate whether the immune and lung 
deficits persist or even worsen as the animals continue to age. This study will also track the animals’ 
activity levels, to determine whether motor activity is reduced due to compromised health.


Future Research: Many questions remain to better understand the health impacts of short-term 
exposures to fire smoke. With the recent proliferation of low-cost sensors that can provide near 
real-time measurements, communities and scientists alike are asking what short-term changes mean 
for public health. Two approaches to studying short-term exposures are being considered: One is to 
examine the effects of exposures for periods less than 24 hours or even as short as an hour and the 
other is to examine the effects of spikes in sub-chronic exposures of days or weeks. Future research 
will consider which methods to utilize and which tools to leverage in these investigations.


These fires have also underscored the need to better understand the toxicity and health effects of 
smoke at the wildland-urban interface. There is considerable concern that structures and vehicles 
burning could lead to increased toxicity.


Moving forward, more in-depth analysis of recent smoke events will be needed using high spatial 
resolution information and health impacts data to determine how short-term exposures are affecting 
community members. This information will also guide the development of updates to activity 
guidelines to mitigate health effects during smoke events.


Research Questions:


• What are the health impacts faced by vulnerable groups from short-term (sub-chronic) 
exposures to wildfire smoke?


• Which communities are more susceptible to sub-chronic exposure events and what mitigation 
options are available to abate them?


• What are the potential toxic and health implications of exposure to smoke from the wildland-
urban interface?


With all the data that have been and continue to be gathered on short-term exposures and health 
effects, there is an increasing need to be able to communicate this material to the public. As seen 
with real-time pollution data, air quality conditions can change dramatically over a short period and 
this can immediately affect people’s risk for asthma exacerbation, hospitalization, and other health 


in-house research highLight: cLeaner air sheLters anD cLeaner air sPaces


The increased frequency of large and high-intensity of wildfires and growing health information 
about the dangers of short-term exposure to wildfire smoke underscore the need to create clean 
air spaces where people can take refuge during wildfire episodes. In response to AB 836 (Wicks) 
CARB is working closely with air districts to administer a pilot clean air centers program in some 
regions of the state. The program includes $5 million in incentive funding to purchase filtration 
equipment for the centers. CARB is working with air districts and community stakeholders to 
develop guidelines for the program to ensure the funding is put to work as quickly as possible, and 
that clean air spaces funded by the program are equipped with updated filtration and air quality 
monitoring to protect residents during smoke events.
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effects. Thus, it is especially important for sensitive subpopulations and vulnerable communities to 
be aware of the latest information in order to mitigate negative health outcomes. However, there are 
research needs regarding communicating real-time air quality data and short-term health effects, 
particularly using a wider variety of communication tools to maximize population coverage. CARB’s 
programs would like to focus on investigating the most effective ways to reach the public with this 
information, and going further, determine effective methods to encourage behavioral change to 
reduce exposure during high-pollution events. These and other unknowns relating to outreach and 
communication will be research priorities moving forward.


Research Question:


• What are the most effective methods of communicating the health impacts of short-term 
exposures in combination with real-time air quality data?


Identifying Emission Sources


Background and Past Research: To address the issue of vulnerability of priority communities and 
communities of color to exposure to air pllution, CARB has supported and continues to support 
a variety of in-house and external research efforts on emission sources. Recent projects have 
focused on comparing the trends in pollutant concentrations in priority communities, especially 
from vehicles, and comparing them to state average concentrations. This work allows CARB to 
track the effectiveness of current rules and regulations to reduce traffic-related pollutants, as well 
as to quantify their impacts to ensure that California’s priority communities benefit equitably from 
California’s air pollution control programs.


Remote sensing devices are very useful tools for looking at traffic-related pollutants, as they obtain 
real-world emissions at the particular locations in which they are deployed. A recently completed 
study, conducted over multiple periods, utilized these instruments at a highly-trafficked I-10 on-
ramp in West Los Angeles to measure on-road emissions from passing vehicles. Analysis of vehicle 
models and emissions revealed that despite reductions in carbon monoxide, hydrocarbons and nitric 
oxide between 1999 and 2018, emission disparities still remained, with higher emissions coming 
from vehicles registered in priority communities relative to those registered in other communities. To 
continue investigating these sorts of vehicular emission disparities, CARB is supporting a new project 
beginning in fiscal year 2020-21 to conduct remote sensing measurements at multiple locations 
throughout California.


It is also vital to investigate understudied and emerging sources of pollution. As tailpipe emissions are 
declining, tire and brake-wear are becoming increasingly important sources of particulate emissions. 
It is estimated that in the near future the majority of PM2.5 and PM10 mobile source emissions will be 
from non-exhaust sources such as tire and brake-wear. CARB is addressing this growing issue by 
developing methods of measuring non-exhaust particulate matter emissions from vehicles. A multi-
institutional project that began in fiscal year 2018-19 is utilizing real-time instrumentation to measure 
brake and tire-wear emissions to monitor potential exposures of downwind communities. One of 
the sampling locations is near I-710 in Los Angeles County, a heavily trafficked highway upwind of a 
community of concern. The data from this work will be used to better understand the impact of non-
exhaust emissions on communities and to develop methods to control them.


As mentioned earlier, CARB has also funded research that developed a screening method to help 
compare relative exposures to PM2.5 sources among different areas and population groups in EJ 
communities. This study has constructed a spatial database of intake fractions for primary and 
secondary PM2.5, calculated the resulting PM2.5 intake for the total population and each demographic 
group, and derived exposure disparity metrics for different demographic groups including by race, 
age, income and other factors. Results of this study indicated that differences in per-capita PM2.5 
exposure concentration ranged up to 15% by income and 35% by race. The two top sources of PM2.5 
exposures for priority communities, on-road vehicles and industrial activity, contributed most to 
exposure disparity by race in absolute terms, while other sources, such as commercial cooking and 
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research highLight: chiLDhooD exPosure to WiLDfire smoke has Long-term  


aDverse heaLth imPacts


As the frequency and severity of wildfires increases, millions of Californians have become all too 
familiar with the immediate health effects of exposure to wildfire smoke - a toxic mix of particles 
and gases emitted by burning forests and buildings. Short-term effects range from irritation of the 
eyes and throat to exacerbation of life-threatening cardiovascular conditions. But little is known 
about the long-term impacts of early childhood exposure to an acute ambient air pollution event, 
such as wildfire smoke. To help fill this gap, CARB-funded researchers tracked the development 
of outdoor-dwelling infant monkeys at California’s National Primate Research Center who were 
exposed to wildfire smoke PM2.5 during the 2008 Trinity and Humboldt County wildfires. The 
decade-long investigation assessed the impact of early life PM2.5 exposure from wildfire smoke 
on immune and respiratory health parameters that may influence responses to infectious disease 
and lung function in adulthood. Results showed that early-life exposure to ambient air pollution 
from wildfires was significantly associated with altered immune response and lung structure and 
function. CAT scans of adult female monkeys exposed to early-life wildfire smoke PM2.5 showed 
significant reductions in lung volume, along with other respiratory changes, relative to unexposed 
monkeys, (Figure 9), while blood tests showed immune system dysregulation in adult monkeys 
that had been exposed to wildfire PM2.5 as infants. The study also provides the first evidence of 
multigenerational transmission of immune dysregulation as a result of maternal wildfire smoke 
exposure: the mothers’ exposure to wildfire smoke during infancy was associated with altered 
immune response in their unexposed offspring. Because the human genome is similar to that of 
the monkeys studied, the findings are likely to be applicable to humans who experience similar 
exposure.


Figure 9: total lung volume at tlc in liters under diFFerent test conditions
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petroleum refining, resulted in higher relative differences in PM2.5 exposure (Figure 10). The results 
will help prioritize effective emission reduction targets to achieve CARB’s EJ goals.


Figure 10: example For los angeles oF the intake Fraction For ground-level emissions 
oF primary pm2.5
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Current Research: Research to support new technology and analysis tools in order to detect 
pollutants and identify hotspots is critical for protecting priority communities. Of notable 
importance is the need to develop innovative methods to detect and monitor air toxics to support 
CARB’s Air Toxics Program. Since fiscal year 2017-18, researchers from FluxSense Inc. and Chalmers 
University of Technology have been conducting a statewide survey of sources contributing to higher 
levels of the air toxics in priority communities. The results will be useful in identifying local air toxics 
risks, informing enforcement efforts and future monitoring efforts.


Another ongoing project initiated in fiscal year 2017-18 is focused on quantifying ambient toxic 
metals. Researchers are developing a portable instrument to measure ambient concentrations 
of toxic metals like chromium VI, lead and mercury, and other metallic elements in real-time. The 
researchers are also aiming to make this product available to the public at low cost. The resulting 
device will improve the ability to identify potential sources of a broad range of toxic metals, as well 
as the ability to prioritize efforts especially in priority communities close to industrial sources.


CARB staff are also developing novel applications of satellite remote sensing data to improve our 
understanding of various air pollution “hot-spots” in the state. Spatially comprehensive PM2.5 data 
presents a tremendous opportunity for CARB to independently study areas where regulatory and 
community-based PM2.5 monitors do not exist. The resulting data has the potential to advance 
efforts that would reduce air quality disparities among priority communities identified under AB 617 
initiatives. This effort has thus far resulted in a research paper published in 2019, which generated PM2.5 
concentration estimates at a 1 km spatial resolution (Figure 11). The paper further describes how this 
work has been used to assess long-term PM2.5 exposures for the state, including in rural and highly 
impacted populations. The results improved exposure classifications by accounting for land type, 
meteorology, and satellite remote sensing data. CARB will continue to track spatially resolved PM2.5 
levels over time and further assess sub-hourly PM2.5 exposures during extreme events, such as wildfires.
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Figure 11: the spatial distriBution oF pm2.5 mass concentration in caliFornia in 2016, 
with a color scale From red (highest levels) to green (lowest levels). this work puBlished 
in 2019 also Focused on pm2.5 exposure diFFerences Between populations
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Future Research: Moving forward, long-term community monitoring systems for a broad suite of toxic 
air contaminants need to be established, especially in priority communities. Some of CARB’s past and 
ongoing projects are a first step to developing this network, which will allow for the ability to identify 
hot spots. Future research will also aim to identify potential sources of nuisance odor complaints and 
determine if they are a result of air pollutant emissions that may result from a variety of sources such 
as foundries, dairies, industrial facilities, and fuel storage facilities. This work will evaluate the potential 
health impacts of odors from these sources, as well as methods to monitor identified pollutants.


Research Questions:


• What can new measurement and data analysis methods reveal about previously hard-to-
detect sources of air pollution, particularly in priority communities?


• How can advanced screening tools that integrate meteorological data and real-time air 
quality monitoring data be used to identify air pollution hot spots for mitigation purposes?


Reducing Disparities


Background and Past Research: This research initiative is new for the Proposed 2021-2024 Triennial 
Strategic Research Plan. It is focused on investigating factors affecting disparities such as global events 
(COVID-19 and climate change) that impact air quality and health in California’s priority communities, 
identifying options for cleaner technologies and programs to reduce pollution and related health 
effects, and evaluating trends and progress in improving health conditions in priority communities. 
Some research work is starting to address the aspects of this initiative, but many key questions remain.


CARB’s emission and exposure research has found that priority communities are experiencing 
disproportionate air pollution exposures and health impacts compared to other communities. CARB 
continues to focus on ways to reduce disparities and increase air quality and health benefits in 
priority communities while continuing to study community and individual exposures. The ultimate 
goal is to provide Health Equity to priority communities who have experienced disproportionate 
exposure to pollutants. Health equity is the principle underlying a commitment to reduce—and, 
ultimately, eliminate—disparities in health and in its determinants, including social determinants. 
Pursuing health equity means striving for the highest possible standard of health for all people 
and giving special attention to the needs of those at greatest risk of poor health, based on social 
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conditions.30 This goal is in line with CARB’s commitment to racial equity and social justice as 
described in the recent Board resolution (20-33).31


Current and Future Research: CARB will continue to identify opportunities to reduce pollution 
sources, exposures and disparities in priority communities. For example, CARB has been pushing 
to increase clean mobility and transportation in all communities, including priority communities. 
However, this is more difficult in some areas. Additional strategies are needed, such as increased 
incentives as noted in the Senate Bill (SB) 35032 Report “Overcoming Barriers to Clean Transportation 
Access for Low-Income Residents.” A new study beginning in fiscal year 2019-20 will aim to identify 
barriers to adoption of clean mobility options in priority communities. This project will look at 
mobility adoption scenarios and analyze the impacts on transportation emissions. The research 
questions in the Program Assessment research initiative also stress the need to deploy transportation 
incentives equitably to better serve priority communities. CARB plans to continue to investigate ways 
to overcome barriers and increase clean transportation and mobility options for all communities.


CARB will continue to evaluate trends in disparities over time. CARB is also planning to begin a new 
research project in FY 21-22 to identify and assess air-pollution related health metrics in priority 
communities included in the AB 617 program. This will enable CARB to better evaluate health 
conditions in communities suffering from disproportionate impacts and to track community progress 
in improving health over time as clean air strategies are implemented.


Research Questions:


• How can CARB facilitate identification of exposure and health disparities among communities 
and find opportunities to further reduce those disparities related to criteria and toxics 
emissions?


• What health metrics should be considered and evaluated to better understand and evaluate 
progress in reducing exposure in priority communities?


The global COVID-19 pandemic has caused a staggering number of cases, hospitalizations, and 
deaths worldwide. Furthermore, this pandemic seems to be hitting already priority communities 
the hardest. In fact, studies have suggested that people who live in more polluted areas are more 
at risk for hospitalization and death due to COVID-19. Two new CARB-supported projects have just 
begun fiscal year 2020-21 to analyze these health impacts in California. One study led by UCSF will 
look at the relationship between air pollution levels and COVID-19 cases and deaths statewide, while 
another study led by UCLA will focus on southern California. As the world is continuing to learn more 
about COVID-19, there is no doubt that more research questions will arise, such as whether the long-
term effects of infection are more severe in polluted communities.


Research Question:


• How, why, and what is the extent to which COVID-19 impacts different communities differently?


Climate change remains an ongoing concern for everyone but especially sensitive populations. Not 
only do greenhouse gas (GHG) emissions drive global warming, but the warming of the atmosphere 
itself could further worsen air quality, and less precipitation can increase the risk for wildfires and 
harmful smoke, among other meteorological changes and consequences. This brings forth questions 
about how climate change will affect priority communities and whether current disproportionate 
air pollution exposures and health outcomes will be exacerbated. Research looking at this will 
require sophisticated models and should consider different climate change scenarios, time periods, 
geographic areas in the state, health endpoints, and other factors.


30 www.ncbi.nlm.nih.gov/pmc/articles/PMC3863701/
31 Resolution 20-33 A Commitment to Racial Equity and Social Justice (ca.gov)
32 De Leon, Chapter 547, Statutes of 2015



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3863701/

https://ww3.arb.ca.gov/board/res/2020/res20-33.pdf
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Research Question:


• What would future air quality disparities look like with changing meteorology due to climate 
change?


in-house research highLight: Differences in vehicLe PoLLution LeveLs by community


This project investigates how communities’ socioeconomic status (SES) may have affected light-
duty vehicles’ exhaust emission characteristics. The in-house effort uses roadside exhaust emissions 
measurements from 1999-2018 at a a West Los Angeles location. Preliminary results suggest 
large emission rate disparities between vehicles registered in socioeconomically disadvantaged 
communities (DACs) and non-DACs, although the disparities have generally decreased during the 
last two decades (Figure 12). The disparities are partially attributable to the fact that the vehicles 
registered in DACs tended to be of older model years; but even when adjusted for model year 
distribution, DAC vehicles still had higher emission rates than their non-DAC counterparts. Findings 
of the project may be useful to inform community-level emissions inventory, to refine mobile 
source strategies that improve air quality at both community and regional levels, and to evaluate 
environmental justice status with respect to mobile source emissions. This information can also aid in 
designing incentive programs that can help accelerate fleet turnover toward zero emission vehicles.


Figure 12: no emission rates From passenger vehicles registered in lower versus 
higher socioeconomic status communities
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Economics
Financial incentives are a key part of California’s efforts to ensure cleaner cars, trucks, equipment 
and facilities are operating in California neighborhoods. Incentives help drive the development of 
new, cleaner technologies and – by speeding up their sale and adoption – help clean up the air. To 
improve their effectiveness, CARB is prioritizing research to identify opportunities to accelerate new 
markets and develop metrics to track program benefits and ensure benefits in all communities. In 
fiscal year 2020-2021 CARB is initiating a new line of research on behavioral economics. This line 
of research aims to facilitate low-polluting consumer choices and improve regulatory compliance 
by improving the messaging of program benefits. The results of this research will enhance the 
performance of incentive programs to encourage purchases and decisions that support strategic 
development of markets for more sustainable products and services.


Market Transformation


Past and Current Research: CARB has sponsored research projects to help understand variables 
impacting the growth of the early zero-emission vehicle (ZEV) market, the health of the early 
secondary ZEV market, optimize our use of incentive funds for new and used clean light-duty 
vehicles, and to optimize incentives for low- and moderate-income households to retire highly 
polluting vehicles and acquire advanced-technology vehicles. CARB research is also investigating 
how to accomplish greater market transformation in the freight and off-road sectors, which have 
different challenges compared to the passenger vehicle market.


In the light-duty vehicle space, one study found that while consumers prefer conventional hybrid 
vehicles to plug-in hybrid electric vehicles (PHEVs) or battery electric vehicles (BEVs), incremental 
sales of cleaner vehicles can be maximized by appropriate weighting of purchase rebate incentives. 
A similarly weighted offering of guaranteed loans, by contrast, had little effect on the propensity to 
purchase. These projects have also found that carpool lane access and new-vehicle purchase rebates 
appear to be helping to expand the early electric car market, with an estimated 2.6 percent increase 
in sales for every 20 percent increase in miles of nearby carpool lanes, and an estimated 7 percent 
increase in PHEV sales as a result of rebates. In 2015, used plug-in hybrid cars were holding their 
value better than electric-only cars, typically selling for about 10 percent more compared to their 
MSRP than electric cars. An examination of the resale market for plug-in electric vehicles (PEVs), 
which include both plug-in hybrids and battery electric vehicles, found the mean household income 
of used PEV buyers to be 25% lower than the income of those buying new PEVs, and that high-
occupancy vehicle (HOV) lane stickers added $1,430 to a used PEV’s selling price. BEVs, meanwhile, 
were found to be more affordable in states incentivizing new PEV sales. These early research results 
are based on a nascent PHEV and BEV vehicle market. It is important to continue this line of research 
as new-technology vehicles improve and become more mainstream to continue the development of 
effective policies and incentive programs.


Heavy-duty and off-road equipment purchases are done by fleet operators who base their purchase 
decisions on total cost of ownership (TOC) and resale value. Many of these vehicles have a long 
lifetime and slow turnover rate, making it challenging to induce cleaner technology purchase 
decisions. Incentive programs have been targeted at these sectors both to adopt incremental 
technology changes and to test advanced vehicles still at the conceptual stage. These programs are 
meant to nudge the market to uptake advanced clean vehicles and lower TOC to further transform 
the market.


A project initiated in fiscal year 2016-17 has determined the costs, emissions, and impacts of multiple 
long-term scenarios to transition to advanced vehicle technologies and alternative fuels in the 
heavy-duty sector. Results from this project will inform the state on the best uses of electricity and 
combustion engines to power the heavy-duty sector, and identify the best policies and economic 
mechanisms to allow California to achieve its long-term goals.
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Another current project was designed to assist in the development of cost-effective methods to 
reduce emissions from agricultural equipment in the San Joaquin Valley (SJV). The results from this 
work will provide CARB with data on agricultural-related businesses to enhance CARB’s existing cost 
and economic impact methodologies. This information will be used to develop a program for mobile 
agricultural equipment in the SJV to transform their fleet to clean technologies at the lowest cost.


Researchers will also evaluate the cost-effectiveness and technological feasibility of reducing GHG 
and criteria pollutant emissions by electrifying or hybridizing equipment for a variety of off-road 
applications, including the cost of supporting infrastructure. A recently completed project on 
improved aftertreatment systems for small off-road engines identified comparatively cost-effective 
opportunities to reduce oxides of nitrogen (NOX) emissions from these engines by up to 80% (see 
research highlight titled: Equipping small off-road diesel engines with advanced aftertreatment).


Future Research: Accelerating market transformation and identifying barriers to adoption of 
advanced technologies will continue to be research priorities as the state nears its 2045 carbon 
neutrality goal. Governor Newsom’s Executive Order N-79-20, signed in September, 2020, mandates 
that all new passenger vehicles be zero-emission by 2035, and that all operations of medium- and 
heavy-duty vehicles be 100% zero-emission – where feasible – by 2045. A combination of incentives 
and regulatory and other complementary measures will be required to achieve these goals. 
Continued research on this topic will ensure that California achieves the greatest emission reductions 
possible per dollar of incentive funding spent, while also promoting the uptake of zero-emission 
technologies.


Research Question:


• What are the opportunities for incentive funds to encourage consumers, fleets, and sectors to 
accelerate conversion to advanced technology (e.g., zero-emission vehicles, equipment, etc.)?


The barriers to the sustainability of new markets also need to be assessed, particularly for low-
emission vehicles, but also for appliances that use low-global-warming-potential refrigerants such 
as heat pumps, water heaters, and clothes dryers. Moving forward, CARB will investigate barriers to 
adopting cleaner, low emitting technologies and transportation modes with a focus on equity and 
access.


Research Question:


• What are the barriers to sustainability of new markets (e.g., for low-emission vehicles and 
appliances using low-GWP refrigerants) and transportation modes, and how can these be 
overcome?


Program Assessment


Background and Current Research: Identifying and quantifying the benefits of air quality 
improvements from policies and programs is at the core of CARB’s economic research mission. The 
value of program benefits depends on the nature and the magnitude of health and environmental 
damages avoided by program implementation. A recently implemented project will create a user-
friendly tool to evaluate program benefits. This project will examine the social cost of criteria and air 
toxic pollution that is not accounted for by conventional estimates of the social cost of carbon. This 
will include new health metrics for cancer risk. The tool will also calculate how the distribution of 
program benefits affects priority communities.


CARB’s economic research is also supporting the implementation of sustainable community 
strategies (SCSs) adopted under Senate Bill (SB) 375.33 Several CARB-sponsored studies include 
economic analyses that will help CARB assess the benefits of SCSs in reducing climate change 
emissions from housing and transportation. One major housing study will explore opportunities 
for housing development in transportation-efficient and healthy, high opportunity areas statewide 


33 Steinberg, Chapter 728, Statutes of 2008
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and will examine how pursuing these opportunities can equitably distribute benefits across 
socioeconomic cohorts.


A project that wrapped up in 2018 developed indicators that can be used in a future statewide 
monitoring system for tracking whether land use development patterns are moving in a direction 
consistent with SB 375 goals. One indicator in this project is residential proximity to the workplace. 
The project also focuses on identifying and communicating the local and regional economic benefits 
of increasing California’s supply of affordable infill housing.


The economic, environmental, and social equity impacts of policies designed to relieve and 
manage traffic congestion were analyzed in a series of white papers recently completed. Their 
findings indicate that a variety of strategies currently exist and have the potential to reduce 
emissions, particularly when used in combination. However, many measures have the potential to 
lead to inequitable impacts. More empirical data are needed to quantify these impacts in order to 
implement strategies that benefit all communities.


Transitioning California’s heavy-duty vehicles (HDV) and off-road equipment (ORE) to zero- or near-
zero-emission technologies such as advanced-technology vehicles and alternative fuels is a strategic 
focus for CARB’s research plan. A performance review of existing HDV/ORE incentive programs will 
guide the development of an incentive program evaluation tool that will be used to recommend 
clean technology incentives tailored to specific sectors, regions, and applications. This work will 
synthesize current low-carbon transportation incentive programs, and develop a performance 
evaluation tool that quantifies their emissions reductions, health and ancillary benefits, and cost-
effectiveness. This research will identify potential policy and incentive strategies that promote 
greater adoption of low-carbon technologies in the heavy-duty and off-road sectors. Additionally, 
this research will forecast low-carbon transportation technologies’ attainment of cost parity or 
market acceptance relative to conventional technologies without incentive program supports.


Because nearly 18 percent of NOX emissions in the San Joaquin Valley come from agricultural 
equipment engines, CARB also studied the economic impacts of additional regulatory programs 
to reduce criteria pollutant emissions from agricultural equipment. This data-driven framework 
for modeling regulatory impacts on San Joaquin farms and farming communities found that small 
increases in regulatory compliance costs would have little effect on the regional economy, but 
also revealed important differences in production costs between small and large farms. Findings 
will guide adaptive management of CARB’s incentive funding program for upgrading agricultural 
equipment.


Future Research: Past regulations and incentive funding have put California on the path towards 
meeting our GHG and air quality targets. However, additional research is needed to identify the best 
uses of incentive funding to meet stricter long-terms goals, ensure that economic prosperity and 
environmental sustainability can be achieved together, and that public incentive funds are used in an 
equitable manner. Research on the efficient deployment of incentives is needed to ensure emission 
reductions are optimized across vehicle and driver populations. Future research should also focus on 
deepening CARB’s understanding of the economic, health, and environmental benefits of incentive 
funding and the Greenhouse Gas Reduction Fund investments (California Climate Investments) in 
priority communities, and how these benefits can be amplified to improve equity outcomes.


Research Question:


• What additional economic, health, and environmental metrics can be employed to understand 
the benefits of investments for priority communities?


As the transformation of California’s vehicle fleet gains momentum, research continues to focus 
on transportation equity, new mobility options and evaluation of ongoing incentive programs. The 
benefits to air quality improvement and health will be substantial, but more work will be needed to 
quantify those co-benefits.
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Research Question:


• What are the AQ, health, and GHG benefits of the incentive programs for advanced 
technology vehicles and what additional opportunities exist to improve AQ in priority 
communities?


Behavioral Economics


Background and Current Research: There are limits to what can be achieved through regulation. 
For California to meet its long-term air quality and climate goals, voluntary actions will be needed to 
reduce GHG and criteria pollutant emissions associated with waste, consumer product choices, and 
personal transportation. Examples of low-polluting voluntary practices that can reduce emissions 
from these sources include composting food waste, purchasing low-polluting consumer products, 
choosing to commute via public transportation, or purchasing a zero-emission vehicle.


Behavioral economics is a new tool employed by governments, academics, and the private sector. 
It evaluates decision environments and accounts for factors that affect what people choose or how 
they act. This information can be applied to make changes that result in better outcomes, such as by 
presenting information in a way that makes it easy for the consumer to compare the most important 
aspects of available options. For example, behavioral economists collaborated with private 
companies to make retirement decisions less complicated, which resulted in a large increase in the 
portion of employees who took advantage of the company’s retirement matching program. CARB 
can likewise evaluate programs to determine if their decision environments unknowingly discourage 
Californians from taking actions that would benefit themselves and help the state to meet air quality 
and climate change goals. CARB is applying behavioral economics by studying what motivates 
Californians and testing those assumptions in real-world settings to ensure the validity of research 
findings and to obtain robust estimates of the impact of policy changes.


CARB is currently initiating a study to review how behavioral economics can be used to encourage 
and support low-polluting decisions, including the motivations and information that affect choices. 
This research will inform a pilot study conducted in collaboration with California Department of 
Resources Recycling and Recovery (CalRecycle) aiming to reduce waste. The waste sector makes up 
roughly 20% of methane emissions in the state, predominantly from methane that escapes landfill 
gas collection systems. Senate Bill (SB) 138334 has set a target to reduce organic waste to 25% of the 
2014 level by 2025—an ambitious goal that will be challenging to achieve through mandates and 
penalties alone. The pilot in this study will use a communications campaign to encourage voluntary 
reductions in waste and carefully measure the campaign’s effect. Reducing waste could save 
consumers money while helping CARB to meet regulatory goals.


Future Research: CARB staff hope to leverage the benefits of behavioral economics to achieve 
greater compliance with regulations and improve understanding of the barriers to compliance. In 
some cases, effective use of behavioral economics could encourage sufficient voluntary action to 
eliminate the need for regulation.


Research Questions:


• How can behavioral economics be used most effectively to support short and long-term 
goals?


• How can behavioral economics be leveraged to facilitate improved regulatory compliance for 
new and existing regulations?


• How can advanced analytical methods and behavioral science be harnessed to inform policies 
and streamline enforcement?


Effective communication is a key component of informing and motivating voluntary actions. CARB’s 
in-house behavioral economics work has the potential to assist a wide variety of programs to 


34 Lara, Chapter 395, Statutes of 2016
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improve outreach and test which messages best inform consumers. Real-world tests are critical 
because they provide credible measurements of how well messages engage Californians that cannot 
be achieved through other means such as surveys or interviews. The results from this research will 
help inform how other CARB programs can more effectively encourage Californians to engage 
with information. There are many opportunities at CARB to improve the ease of compliance and 
communication of regulations. Better compliance tools and communication can help regulated 
entities meet compliance requirements, ultimately saving them money, while helping the state meet 
its air quality and climate goals.


Research Questions:


• How can we improve the dissemination of information on the benefits of low-polluting 
consumer options in order to facilitate voluntary adoption?


• How can educational campaigns best be utilized to encourage lower polluting choices (e.g. 
reduced waste)?


• How can CARB better communicate regulatory requirements to encourage compliance?
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Air Quality – State Implementation Plans (SIP)
CARB’s air quality research provides the technical and the scientific foundation that supports the 
development of the State Implementation Plans (SIPs). These plans describe the path by which an 
area will attain the National Ambient Air Quality Standards (NAAQS) set under the Clean Air Act. 
Research in this category has improved the robustness of the emission inventories, the understanding 
of atmospheric chemical mechanisms, and the performance of regional air quality models over the 
past decades. CARB continues to design and execute numerous laboratory, field, and modeling 
studies in coordination with external researchers and stakeholders to improve our understanding of 
the complex air pollution problems throughout the state. CARB will continue to evaluate air pollution 
control programs and the most viable air quality management strategies to meet region-specific air 
quality challenges. Future research will develop stronger connections between air quality and climate 
research to pursue co-benefit pathways to meeting California’s multi-faceted goals.


Ozone Sensitivity and Transport


Precursor Sources


Background and Past Research: Tropospheric ozone is a criteria pollutant that has negative 
impacts on human health and the environment. Despite decades of air quality improvements, 
tropospheric ozone levels in regions like the San Joaquin Valley (SJV) and the South Coast Air Basin 
(SoCAB) continue to exceed the health-based ozone standards. Atmospheric ozone is produced by 
photooxidation of volatile organic compounds (VOCs) and NOX. Therefore, effective mitigation of 
ozone pollution will require additional research on the sources of its precursor gases and updated 
knowledge on the complex atmospheric processes that form ozone. Photochemical modeling is a 
key tool used to develop SIPs for ozone. Modeling results are sensitive to the emission inventories as 
well as the spatial and the temporal distributions of ozone precusors: VOCs and NOX.


Recent studies have demonstrated the growing importance of urban VOC sources as transportation-
related emissions continue to decline rapidly in California. VOC sources like volatile chemical 
products (VCPs) are emerging as an important source of urban VOC emissions that can add to both 
regional ozone and aerosol burdens. The importance of biogenic VOCs is also growing in California 
because of their relative abundance in our atmosphere during the summer months. Identifying 
regionally- specific VOCs leading to ozone exceedances would support future SIP development 
particularly in densely urbanized areas within the SoCAB.


Previous field experiments evaluated ozone forming potential using a set of portable smog chambers 
in the greater Los Angeles region. The results showed good agreement between laboratory studies, 
field measurements, and a photooxidation model. With the goal of independently evaluating the 
quickest and the most effective path to ozone reduction in the SoCAB, CARB has funded a field 
project that began in fiscal year 2019-20 to directly measure the sensitivity of ozone to perturbation 
of precursor VOCs and NOX. The project measures the response of ozone after addition of VOCs 
and NOX into portable smog chambers filled with ambient air. The measurements will be conducted 
at three sites, each for four weeks, during the summer months in the SoCAB. The results will provide 
the first statistically significant direct ozone sensitivity measurements. These will be used to validate 
the predictions of chemical transport models used to develop optimal ozone control strategies.


CARB has also funded a project that began in the 2019-20 fiscal year to map the spatial distribution 
of VOCs in the SoCAB and the SJV. The project used the NASA DC-8 aircraft to collect hundreds of 
air canister samples at or below 1500 meters above ground as it flew over the two air basins. These 
air canister samples were analyzed in a state-of-the-science laboratory to quantify a wide variety of 
VOCs captured during the airborne campaign. The measurements will provide information about the 
vertical and horizontal distribution of various VOCs, which will ultimately fill the knowledge gaps on 
the ozone forming potentials in these two regions.


Current Research: CARB is funding two field projects to study VOCs and NOX in the SJV and the 
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SoCAB in the 2021-22 fiscal year. The first project will be conducted in partnership with the South 
Coast Air Quality Management District and will carry out high-precision airborne measurements 
of VOC and NOX fluxes at a spatial resolution useful for CARB emission inventory evaluation. The 
second project will conduct detailed chemical speciation measurements of ambient VOCs at a 
ground site to evaluate the variety of species and their source contributions. These projects are 


in-house research highLight: evaLuating the imPact of soiL nox in air QuaLity:


Figure 13: model derived soil nox emissions in caliFornia
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Nitrogen oxides (NOX) are criteria air pollutants that can react with other chemicals in the air 
to form particulate matter and ozone, both of which pose adverse impacts to human health 
and the environment. Control of NOX emissions is critical to improving air quality in California. 
Soils are a known NOX source, especially in agricultural areas where large amounts of nitrogen 
fertilizers are used to increase crop yields. The nitrogen chemicals in soil can be converted into 
various nitrogen gases, including NOX, by soil microorganisms. The contribution of soil emissions 
to the total NOX budget varies by region, depending on land uses and management activities. 
CARB has been conducting in-house research to study NOX emissions from soils in California. 
The project combines biogeochemical modeling, air quality modeling, long-term measurements 
across California, and satellite observations to evaluate the contribution of agricultural sources to 
ambient NOX. This study modeled soil NOX emissions from different land covers in California and 
evaluated the impacts of soil NOX emissions on the formation of ambient particulate nitrate in the 
San Joaquin Valley (SJV), where cropland is the dominant land use. Our results indicate that soil 
NOX is a relatively minor fraction of the total NOX budget in California and has a minor effect on 
atmospheric concentrations of particulate nitrate in the SJV. Additional ambient and satellite data 
analyses show traffic combustion being the dominant source of NOX emissions in both urban and 
agricultural regions of the SJV.
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designed to update the current inventory of VOCs and NOX to improve the performance of the 
chemical transport models used for SIPs.


Future Research: Additional work is needed to enhance our understanding of the ozone 
exceedance events in California. The impacts of shifting VOC and NOX emission sources, changing 
lifetime of NOX, and changing particulate matter (PM) on ozone production efficiencies are yet to be 
explored. Based on existing knowledge and ongoing research and in consultation with experts and 
stakeholders, CARB staff have identified the following key research question:


Research Question:


• What are the dominant VOC emissions (e.g. VCPs and biogenics) leading to ozone formation 
during ozone exceedance events in the SoCAB?


Ozone Sensitivitiy and Transport: Transported Ozone


Background and Past Research: In addition to atmospheric ozone that photochemically forms within 
California, ozone transported from outside of the state’s borders can also influence the surface air 
quality. This is also referred to as baseline or background ozone, which is defined by U.S. EPA as 
observed ozone that is uninfluenced by recent U.S. emissions. On the west coast, baseline ozone can 
be affected by stratospheric intrusions and long-range transport. The effect of baseline ozone on 
surface monitoring sites can be quite significant. It can directly force surface ozone levels to exceed 
NAAQS, which is 70 ppb, and or indirectly affect the surface ozone-NOX-VOC chemistry, making 
attainment of the more stringent ozone standard increasingly difficult. Understanding the variability 
and the levels of baseline ozone is critical for attainment of future health-based ozone standards.


A large number of observations around the world have documented the presence of elevated ozone 
levels aloft that could potentially transport down toward the surface and contribute to ground-level 
exceedances. While some field studies have collected measurements of aloft ozone near and over 
California, these relatively short-term efforts do not provide sufficient information to fully explain 
the spatial and temporal variations in baseline ozone concentrations entering California and the 
processes by which baseline ozone aloft may mix down and contribute to surface ozone exceedances.


CARB began addressing these pertinent questions in 2016 through partnerships with San Jose 
State University, NOAA, NASA, Bay Area Air Quality Management District (BAAQMD), and San 
Joaquin Air Pollution Control District (SJVAPCD) through the California Baseline Ozone Transport 
Study (CABOTS) (see Research Highlight: Novel Dataset Advances Study of San Joaquin Valley 
Ozone). The field measurements have provided detailed observations of ozone over California, 
and highlighted the importance of both surface ozone and ozone aloft in the context of increasing 
baseline ozone and more stringent air quality standards. Given the challenges in modeling ozone in 
the mountainous terrain of the western U.S., this study provided useful insight into the sources of 
elevated surface ozone observed in the rural western U.S.


Future Research: As CARB continues to implement various air pollutant emission control strategies, 
distinguishing the influences of regionally-produced ozone and transported ozone would lead to 
the development of effective policies addressing ozone attainment in California, especially as local 
and regional emissions are reduced. Moving forward, CARB research will continue to investigate the 
impacts of transported ozone on local and regional air quality.


Research Question:


• As regional emissions are reduced, how will baseline ozone and changing meteorology/
climate offset the air quality benefits expected from California’s air regulations and policies?
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research highLight: noveL Dataset aDvances stuDy of san JoaQuin vaLLey ozone


Ozone is one of the six pollutants identified by the U.S. Clean Air Act Amendment of 1970 as 
particularly harmful to human health. California emissions that worsen surface-level ozone have 
been reduced by a factor of five since 1980, but residents of the San Joaquin Valley and South 
Coast air basins remain exposed – especially in summer months -- to ozone levels that exceed 
national air quality standards (Figure 14). Among the challenges CARB faces as it develops emission 
control plans to meet those standards is the lack of detailed information about the influence of 
“baseline” ozone, transported aloft across the Pacific Ocean, on surface-level ozone in the state’s 
non-attainment areas.


The main objective of the California Baseline Ozone Transport Study (CABOTS) was to gather data 
on daily changes in ozone layering at the coast (upwind of California) and in the Central Valley 
(downwind of the major emission sources and coastal mountains). This novel dataset will illuminate 
meteorological mechanisms that determine the vertical distribution of ozone and improve analysis 
of the impacts of background ozone and other pollutants transported from afar at high altitude on 
surface-level ozone in the San Joaquin Valley.


Initial review of over 100 coastal studies, 440 hours of vertical ozone profiles over Visalia, targeted 
airborne surveys and surface ozone data from May to August of 2016 (Figure 14) showed ozone 
levels in Pacific air masses crossing the California coast at Bodega Bay exceeded the national air 
quality standard on average once every five days. At Half Moon Bay, ozone levels observed within 
1-2 km of the surface – where they are most likely to impact human health -- were consistently 
higher than those predicted by one commonly used analytic tool. The observation dataset also 
revealed layers of more concentrated ozone between 4 and 6 km above the surface, consistent with 
biomass burning and transport from Asia. Many of these higher layers most likely passed over the 
Sierra Nevada and into the Intermountain West.


In short, the unprecedented CABOTS dataset shows every sign of delivering on its promise of new 
insights into the transport and mixing processes contributing to the high surface ozone levels found 
in California.


Figure 14: decadal trends in ozone concentrations From three diFFerent air Basins  
in caliFornia compared to the national average and the current naaqs
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Identifying Sources of PM2.5: Wildfires and Prescribed Fires


Identifying Sources of PM2.5: San Joaquin Valley PM2.5


Background: The number of large and destructive wildfires in California has been increasing because 
of a combination of past fire suppression and other land management practices, as well as a warming 
and drying climate. The pollutants emitted from wildfires degrade air quality and create health risks. 
Prescribed fire is used as one of the pathways to mitigate wildfires and to reduce catastrophic air 
pollution episodes. Quantifying the chemical composition and properties of emissions from wildfires 
and prescribed fires will help improve modeling of their impacts on human health and climate and 
also enable a better assessment of the benefits of prescribed fire over wildfire smoke impacts.


Current Research: CARB has funded a project in the 2019-20 fiscal year to study the emissions of 
prescribed fires. The measurements will be conducted via ground-based and airborne sampling 
platforms during controlled burn activities. This project will provide emission profiles from a 
representative set of controlled burns in a mixed conifer forest in California. Measured emission 
factors (EFs) will be used to improve the First Order Fire Effects Model estimates of short-lived 
climate pollutants (e.g., BC and CO2) and other air pollutants (e.g., NOX, CO, PM2.5, selected VOCs 
and air toxics). Outcomes will include improved emission factors from controlled burns of managed 
and previously unmanaged forest; and comparison to emission factors from wildfires, including 
recently-measured and published values. The results of this research project, along with its unique 
database (i.e., chemical species and emission factors), will be a valuable resource for identifying 
specific chemicals in air masses impacted by biomass burning plumes and understanding the 
dominant source materials burned, fire characteristics, atmospheric transformations, and health 
implications. This project will also provide critical inputs for air quality modeling, and guidance for 
management efforts to reduce wildfires that are consistent with optimizing forest carbon storage, 
protecting public health, and promoting environmental justice.


CARB staff also began in-house research on wildfire and prescribed fire emissions using CARB’s 
custom-built mobile measurement platform (MMP) in 2019. To date, CARB’s MMP has been deployed 
during multiple wildfire events to estimate the emission factors of criteria and short-lived climate 
pollutants. The results will inform CARB’s NWL program by improving the predictive understanding 
of how air pollutant emissions from wildfires and prescribed fires will change based on burning 
conditions (e.g. hot-burning, smoldering), meteorology, and fuel type (e.g. vegetation, human-made 
objects). See In-House Research Highlight: Understanding Wildfire Behavior and Emissions.


Future Research: More research is needed to constrain the emission factors and understand the 
chemical transformations of VOCs and organic aerosols emitted from wildfires and prescribed fires. 
The impacts of fires on ambient ozone require additional investigation to better inform CARB’s NWL 
and air quality programs. In addition, improved parameterization of the plume injection height is 
critical for fire forecasting. Addressing these questions can enhance models to better predict the 
influence of fires on air quality. Forecasting when and where to expect air pollution exposure risks 
from wildfires and prescribed fires (if any) can support early warning systems that allow communities, 
and in particular vulnerable receptors, to mitigate exposure risk and protect public health.


Research Questions:


• What are the differences in air pollutants from wildfires and prescribed fires?


• How does exposure to emissions from various fires (e.g. prescribed burning vs. wildfires) 
affect health?


• Can we more clearly communicate the benefits of prescribed burning vs. wildfires?


Fires in the Wildland-Urban Interface


Background: The impacts of large wildfires on air quality and health have been studied in a number 
of research studies worldwide. However, the impact on air quality from wildfires in urbanized areas 
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has received less attention. Once wildfires extend into urbanized areas, a different mix of fuel is 
available. Combustible materials from house structures, house contents, vehicles, sheds, garages 
and other objects around a structure will burn and release potentially toxic chemicals into the air, 
which could increase the health risk to community members in the vicinity of the fire and to fire 
fighters. Tens of thousands of structures and more than 100 human lives have been lost in recent fire 
events throughout California. The 2018 Camp Fire was the deadliest and most destructive wildfire in 
California history, due in part to the large number of structures that were burned.


Existing methods for estimating emissions from structure and car fires are not as developed as they 
are for wildland fire. Modelers are motivated to include structures and vehicle emissions in models to 
examine the potential impacts on fire plume chemistry and downwind air quality when these sources 
are mixed with emissions from burning vegetation. There is major concern regarding post-fire air 
quality impacts, such as from wind transport of toxic materials from burned sites. Overall wildfire 
smoke composition produced from combustion of natural biomass and human-made materials is 
complex and dynamic, making characterization and modeling difficult.


Future Research: More research will be needed to understand how emissions due to fires are 
affected by different fuels, land management histories and incursion into the wildland-urban 
interface. In particular, more research is needed to understand how this complex mix of natural and 
human-made material emissions impact health, PM2.5 concentrations and the climate.


Research Question:


• What are the health, air quality and climate impacts of emissions produced by wildfire 
incursions into populated areas?


San Joaquin Valley PM2.5


Background and Past Research: Although air quality in the SJV has improved in recent years, 
the area still exceeds the PM2.5 National Ambient Air Quality Standard. Conditions that have led 
to recent PM2.5 exceedance events must be better understood to attain future PM2.5 standards. A 
project that began in fiscal year 2017-18 deployed an advanced air quality analyzer in the SJV to 
collect measurements that will allow researchers to identify sources and chemical pathways that 
lead to PM2.5 formation. This project measured concentrations of PM2.5 species with sub-hourly 
time resolution, which can bridge the gaps between the long-term measurements and detailed 
observations from short-duration field campaigns. The results from this study will contribute to the 
development and refinement of effective and appropriate future PM2.5 control strategies for the SJV.


Future Research: Building upon this work, CARB’s Research Program will continue to focus on 
innovative methods to identify remaining precursors of PM2.5 pollution and atmospheric processes 
that affect the air pollution levels in order to improve air quality, and thus health outcomes, for 
impacted communities.


Research Question:


• What are the remaining sources of ammonia, PM2.5, and PM2.5 precursors in the San Joaquin 
Valley? How is the air quality in downwind communities affected?


CARB has funded several projects to improve the PM modeling for the SJV, which is needed to 
address the more stringent annual-average PM2.5 standard adopted by the U. S. EPA in 2012. These 
projects have incorporated field observations into improved models for the stagnation events 
leading to PM2.5 exceedances. These stagnation events occur under particular meteorological 
conditions, thus more work is needed to model these conditions appropriately. The identification and 
removal of biases in model inputs and the further development of new processes for PM2.5 nitrate 
formation, in particular will allow regional chemical transport models to predict the effects of future 
emission control strategies to lower PM2.5 concentrations that are expected in the coming decades.
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in-house research highLight: unDerstanDing WiLDfire behavior anD emissions


There is increasing interest in studying wildfires and their impact on air quality and climate. 
Wildfires emit pollutants like NOX, carbon monoxide (CO), volatile organic compounds (VOCs), 
and particulate matter that can directly and indirectly affect health. Pollutants like CO2 and black/
brown carbon are also emitted from wildfires and can have lasting effects on global climate. The 
characteristics of wildfire emissions are complex and can vary by geography, meteorology, burning 
conditions, and materials being burned (e.g. vegetation, urban buildings). Meteorology also 
plays a critical role in how wildfire emissions are transported to population centers. As California 
experiences more intense wildfire events, it becomes imperative that the effects of wildfires on our 
air quality and climate are better understood to improve air management strategies. CARB staff 
began in-house research on wildfire emissions using CARB’s custom-built mobile measurement 
platform (MMP) in 2019. The MMP was deployed to the vicinity of wildfires to quantify the emission 
factors for criteria and short-lived climate pollutants. The results will inform CARB’s Natural and 
Working Lands (NWL) program by improving the predictive understanding of wildfire behavior and 
emissions.


Figure 15: measuring air pollutants associated with wildFire plumes using carB’s 
moBile measurement platForm
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Research Question:


• How do meteorological conditions (temperature, humidity, planetary boundary layer height) 
influence the formation and seasonal cycle of PM2.5 in the San Joaquin Valley? How can 
models better predict the conditions leading to National Ambient Air Quality Standard 
exceedances?


Studies also indicate that particulate nitrate is formed via distinct daytime and nighttime chemical 
pathways, the relative importance of which are not fully established. For the nocturnal pathway, 
nitrogen oxides react with ozone overnight, forming dinitrogen pentoxide (N2O5) that can react 
with preexisting PM to form new particulate nitrate. It has been suggested that this chemistry 
occurs efficiently in aloft layers decoupled from the surface. At sunrise, the rapid expansion of the 
boundary layer serves to entrain particulate nitrate formed aloft at night, increasing the surface PM 
concentration. Because this nitrate production occurs above the surface, it is difficult to characterize. 
Further research is needed to improve the characterization of the evolving near-surface vertical 
distribution and the chemical composition of PM in the San Joaquin Valley.


Research Question:


• How can we directly measure the vertical chemical composition of PM in the San Joaquin 
Valley to refine the regional air quality model(s)?


Identifying Sources of PM2.5: South Coast Air Basin PM2.5


Background and Past Research: CARB research has specifically addressed the complex problem of 
modeling secondary organic aerosol (SOA) formation. Organic aerosols are a significant component 
of PM2.5 in California. As emissions from more dominant air pollution sources continue to decrease, 
less prominent SOA precursor sources become more important for future attainment of the PM2.5 
standard. Hence, the sources, impacts of existing controls, precursors, and processes that form 
SOA are the focus of several ongoing research projects. Increasing our knowledge of the processes 
associated with SOA formation can further refine the performance of regional air quality models and 
support the development of air quality improvement strategies.


CARB has funded projects to address questions concerning organic compounds used in consumer 
products. These projects have answered questions about the environmental fate of currently-
exempt low-vapor-pressure volatile organic compounds (LVP-VOCs) and the actual impact of these 
compounds on ozone and SOA formation. While the results of these experiments are useful to 
calibrate models and provide SOA formation relative to chemical structure of the compounds, it is 
noted that real atmospheric conditions vary widely and the results of this work only represent SOA 
formation under certain environmental conditions. Hence, further detailed studies are required to 
determine functional relationships of other LVP-VOC compounds to improve future PM2.5 modeling.


A current project is evaluating, compiling, and conducting SOA chamber experiments as a 
supplement to an existing SOA database being compiled for UCR and Caltech. This will improve 
understanding and modeling of SOA mechanisms to address inconsistencies between the 
experimental results from various environmental chamber studies and the chemical mechanisms that 
take place in the real atmosphere. Data compared between the two chambers and input into models 
provide the basis to understand the atmospheric chemistry and aerosol formation occurring in the 
SoCAB.


Future Research: Secondary organic aerosol responds differently to emission controls depending 
on the atmospheric ratios of NOX and VOCs. The abundance of these chemical compounds in our 
complex atmosphere determines how SOA and PM2.5 are formed. A future research project will help 
determine the PM2.5 SOA response to NOX and VOC perturbations to further inform and optimize 
CARB’s emissions control programs.


Moving forward, research will have to address the uncertainties surrounding the fate of VCPs under 
atmospheric conditions. This will be crucial for the refinement of information used in regional air 
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research highLight: san JoaQuin vaLLey DeeP Dive exPoses Drivers  


of Wintertime PoLLution ePisoDes


Hemmed in by mountains to the east, west and south and blanketed by warmer air aloft, polluted 
air stagnates on the San Joaquin Valley (SJV) floor during winter periods of calm, sunny weather. 
Despite persistent efforts to control it, wintertime particulate matter (PM) air pollution in the San 
Joaquin Valley (SJV) of California remains the worst in the state, often exceeding the national air 
quality standard for fine PM (PM2.5) (Figure 17). To help solve this intractable problem, regulators 
need to understand the sources and atmospheric processes that contribute to the Valley’s high PM 
levels.


Aerial and ground measurements made in and around Fresno during two severe pollution episodes 
in January and February 2013 were analyzed by UC Davis researchers to refine and update CARB’s 
understanding of wintertime particle pollution in the SJV. Isolating specific pollutants and tracking 
them day and night, researchers found two types of particle pollutants were primarily responsible 
for elevated levels of PM2.5 pollution in the SJV during calm winter weather: organic aerosols and 
nitrate.


While the concentration of total particle pollution remained more or less constant around the 
clock, surface level pollution at night was found to be primarily driven by organic aerosols (from 
wood burning, cooking and vehicle emissions, e.g.). Daytime particle pollution, meanwhile, was 
found to be driven by nitrate formed aloft during the night and mixed down to the surface as the 
next morning’s sun warmed the valley. Researchers recommended that measures to further reduce 
wintertime particulate pollution at the surface of the SJV should focus on controlling emissions of 
nitrogen oxides and organic aerosols.


Figure 16: wintertime pm2.5 in the san joaquin valley. yellow dots show  
pm2.5 exceedance days
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quality models, which in turn help predict the outcome of mitigation methods. More work is needed 
to improve the understanding of SOA precursor sources, atmospheric chemistry, and potential 
control strategies to improve the regional air quality.


Research Question:


• What are the opportunities for controlling sources of VOCs (e.g. VCPs and biogenics) in the 
South Coast?


Emission Reduction Strategies


Emission Reduction Strategies: Imperial Valley PM2.5


Background: The Imperial Valley, a NAAQS non-attainment area for particulate matter (PM), is the 
second largest agricultural region in California and is home to the Salton Sea. The communities 
surrounding the Salton Sea, with predominantly Hispanic/Latino roots, disproportionately suffer from 
environmental pollution, health disparities, and poverty. Dust emissions from agricultural activities, 
dried Salton Sea lakebed, and arid lands are suspected to contribute to the PM burden in the valley. 
Studies have projected that given a combination of climate change and other circumstances the 
Salton Sea water levels are likely to be further reduced in the future. This will potentially impact 
air quality due to fugitive dust from wind erosion of the exposed lakebed playa. What is currently 
unknown is the chemical composition of the dust and the relative contributions from pesticides and 
other sources, variability of emissivity of dust due to soil variability on the playa, whether this can be 
determined and predicted, and how it can best be controlled or mitigated. There are also concerns 
over hydrogen sulfide emissions and how they are impacting communities in the area. Air quality 
concerns over PM10/PM2.5 levels, chemical composition of fugitive dust, impacts of fugitive dust on 
human health, and methods for suppressing fugitive dust are major research topics of discussion.


Future Research: Improving the characterization of other sources of air pollutant emissions such as 
traffic at the California-Mexico border, atmospheric transport of air pollutants from Mexico, unpaved 
roads, industrial operations, and biomass and waste burning will be critical when prioritizing air 
pollution control strategies in the Imperial Valley. The heterogeneity of the air pollutant sources 
and their varying influences on local and regional air quality highlight the challenges in developing 
a comprehensive air pollution reduction strategy for the Imperial Valley that is effective at reducing 
adverse health outcomes equitably across all communities. Priority should be given to investigating 
reduction strategies for each of the sub-regions/communities within the Imperial Valley by 
consolidating region-specific information on air pollutant sources, atmospheric processes, air quality 
monitoring data, and air pollution exposure studies.


Research Question:


• What air pollution reduction, mitigation and health improvement strategies will most 
effectively and efficiently improve air quality and health in all Imperial Valley communities as 
quickly as possible?


Emission Reduction Strategies: Greenhouse Gas Mitigation and Air Quality Co-Benefits


CARB is researching the influence of climate-oriented emission reduction strategies on regional air 
quality to ensure that California’s air quality and climate objectives are achieved simultaneously. This 
is especially important when addressing sources that co-emit both types of air pollutants.


CARB funded a project that utilizes ambient measurements and chemical transport modeling to 
evaluate the greenhouse gas (GHG) emissions and the air quality impacts of California dairies upon 
implementation of various alternative manure management practices. The results from this project 
will help determine which mitigation strategies are most effective in reducing GHG emissions while 
improving regional air quality, and how these co-benefits can be maximized.


CARB is also conducting in-house research that supplements this effort by utilizing satellite remote 
sensing and ground-level mobile measurement data to study the emission sources and the ambient 
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levels of ammonia (NH3) in the SJV. Although PM2.5 formation in the SJV is limited by the availability 
of NOX, atmospheric NH3 plays an important role in the formation of PM2.5. CARB will continue to 
leverage in-house expertise to identify and mitigate emission sources.


Although there are significant numbers of in-house, sponsored, and leveraged research activities 
that support air quality improvement strategies and GHG emission reduction efforts, additional 
research may be able to further accelerate California’s progress towards its climate and air quality 
goals.


Research Question:


• What new opportunities are there for controlling sources of ammonia, PM2.5, and PM2.5 
precursors?
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Mobile Sources
Mobile sources include light-duty vehicles, heavy-duty vehicles and off-road equipment. Together 
these sectors comprise the largest single source of greenhouse gases (GHGs) in the state and 
remain a large source of criteria pollutants. CARB’s mobile-source emissions Research Program 
supports California’s effort to meet National Ambient Air Quality Standards (NAAQS), reduce health 
risk from toxic air contaminants, and meet GHG and air pollution reduction goals. The results of 
these research efforts support the development and implementation of regulations and incentive 
programs to reduce transportation related emissions.


In the heavy-duty sector, research to reduce criteria pollutants has focused on the durability of 
emission control technologies and tracking the results of regulatory efforts. Research supported the 
development of low-NOX emission standards for heavy-duty vehicles of model year 2024 through 
2026, as well as for model year 2027 and beyond. A new priority for heavy-duty research will focus 
on reducing emissions from off-road equipment and identifying strategies to improve efficiencies 
in the freight sector. A major priority is identifying barriers to adoption of advanced, low- and 
zero carbon technology in the light-duty, heavy-duty and off-road sectors. The research in this 
area often evaluates advanced emission reduction technologies and monitors the effectiveness of 
emission reduction strategies to ensure that the expected air quality and public health benefits are 
achieved. The results from this suite of projects are also used to ensure that emission reduction 
programs provide information for future policy development and have co-benefits for the economy, 
environment, and health in all communities.


Light-Duty Fleet Deterioration and High Emitter Tracking


Background and Past Research: CARB has implemented increasingly stringent emissions standards 
as well as vehicle scrappage incentive programs. This has transformed the California on-road fleet 
significantly. To track how well these programs are reducing emissions, various research projects 
have been funded using varying techniques to take detailed measurements at representative sites.


To address the question of how decades of evolving emissions standards have affected real-world 


Figure 17: summary oF long-term ldv emissions record in west los angeles. (a) Fuel-
Based emission Factors For hydrocarBons (hc), nitric oxide (no), and carBon monoxide 
(co). (B) portion oF these polutants emitted By the dirtiest 1% oF sampled ldvs
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emissions from California’s light-duty vehicle (LDV) fleet, CARB initiated a project in fiscal year 
2017-18 with University of Denver researchers to sample passenger vehicle emissions at a West Los 
Angeles freeway on-ramp. These measurements were made in May of 2018, and continued a long-
term record at this site that began in 1999 and now includes eight sampling campaigns (Figure 17). 
Dramatic reductions in fleetwide mean fuel-based emissions have been observed over this period, 
with carbon monoxide (CO), nitric oxide (NO), and hydrocarbons (HC) per kilogram of fuel used 
decreasing by 84, 76, and 79%, respectively (Figure 17a). At the same time, the distributions of these 
emissions have become more skewed, meaning that a relatively small number of “high emitting” 
vehicles are emitting an increasing share of these pollutants. In 1999, the dirtiest 1% of all LDVs 
emitted 15% of CO and 7% of NO. By 2018, these proportions had risen to 38 and 27% (Figure 
17b). This implies that vehicle scrappage programs continue to be important, and that this type of 
research needs to be continued to evaluate if these trends continue as the model years of the oldest 
vehicles change.


CARB staff matched the vehicles observed in the University of Denver program to vehicle 
registration records to evaluate the geographic distribution of the vehicles sampled. It was found 
that passenger vehicle emissions are highly correlated with community socioeconomic status (SES). 
Fleet turnover, however, has reduced emissions in all communities, and reduced the disparity among 
communities (Figure 18). Emissions from vehicles registered in priority communities remain higher, 
largely because these vehicles are older on average than they are in other communities. This finding 
underscores the need for CARB to continue to focus on addressing air quality disparities and provide 
incentives for fleet turnover.


CARB staff also examined the deterioration of emissions control systems by determining how 
emissions from LDVs from a given model year (MY) changed over time. It was found that MY 1993 
and older vehicles did not show a consistent trend in CO or HC with time. However, NO from these 
vehicles, as well as all three pollutants from MY 1994-2003 LDVs, showed consistent increases with 
vehicle age.


To gain further insight into high-emitting vehicles, CARB initiated a contract in fiscal year 2017-18 
with Eastern Research Group, Inc., to obtain and analyze a set of over 50 million observations of LDV 
emissions in the Greater Denver area. These measurements were collected as part of the “Rapid 
Screen” program in Colorado. It was determined that LDV NO emissions are still dominated by 
Volkswagen/Audi/Porsche diesel vehicles with model years from 2009 to 2016. In more recent years, 
no similar high-emitting diesel vehicles were observed.


Figure 18: comparison oF emissions By ldvs registered in priority and non-priority 
communities in the los angeles area
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Future Research: Over the next several years, CARB will continue to sponsor the measurement of 
real-world emissions from light-duty vehicles via remote sensing, and this effort will be scaled up to 
include additional sites. The long-term site in West Los Angeles will be revisited, along with seven 
other locations. This will shed light on how fleet emissions change as LEV II vehicles continue to age. 
The additional sites will be in or near priority communities, to evaluate vehicle emission disparities 
between these communities and the general population; and two will be along the U.S.-Mexico 
border to gauge the air pollution impact of vehicles from Mexico. These campaigns will measure 
fuel-based emissions of carbon monoxide, hydrocarbons, and nitrogen oxides (NOX). Each will last 
for approximately a week, and sample approximately 25,000 vehicles.


Research Questions:


• Are there specific makes and models of light-duty vehicles that are high emitters, and are 
high emitters disproportionately impacting specific communities?


• Do we continue to see fleetwide emission reductions as more of the fleet are LEV II and LEV 
III vehicles, and are the reductions distributed equitably?


Real-World and Laboratory Emission Discrepancies


Building upon the research initiatives on fleet deterioration and high emitters, further research is 
being prioritized to understand real-world vehicle emissions and how these compare to laboratory 
testing emissions. Laboratory testing is designed to be as representative as possible of real-world 
driving, but because it has to be implemented in a practical way, it cannot cover all possible driving 
behaviors. New research performed at CARB is leveraging on-board diagnostic (OBD) information 
recorded from hundreds of vehicles in every-day usage to better understand real-world driving and 
emissions patterns including energy consumption and typical on-road speeds and accelerations. 
The number of vehicles upon which this analysis is performed continues to be expanded. This is 
improving our understanding of real-world emissions and activity patterns, and may inform new 
laboratory test cycles and regulatory options for in-use compliance. At the same time, more work is 
needed to understand the relationship between OBD parameters, which are primarily provided by 
on-board sensors, and more sophisticated measurement techniques, such as in laboratory settings 
and from portable emissions measurement systems .


Research Questions:


• How can on-board diagnostic data be effectively collected and used to evaluate activity and 
engine performance to assess real-world emissions, energy use, operating patterns, and 
compliance with in-use requirements for light-duty vehicles


• What additional data could complement the OBD data?


Potential of Advanced Technology


Background and Past Research: In 2012, CARB adopted the Advanced Clean Cars program to 
reduce emissions from passenger vehicles in accordance with California’s long-term air quality and 
climate goals. This regulation led to the widespread use of hybrid and electric vehicles, and CARB-
funded research on light-duty vehicles expanded beyond emissions measurements to include 
market forces, consumer acceptance, and driving and fueling behavior associated with new vehicle 
technologies. Results from these projects informed the “Midterm Review” of the Advanced Clean 
Cars program, and continue to support the state’s efforts to attain zero-emission vehicle targets and 
greenhouse gas and PM standards.


As part of the 2017 midterm review of Advanced Clean Cars, CARB conducted in-house emission 
testing to evaluate the cold start performance of several blended plug-in hybrid electric vehicle 
(PHEV) models. The testing confirmed that cold-start emissions under high power-demand 
conditions experienced while running can be significantly higher than cold starts in traditional 
vehicles (typically the first engine start of the day). However, the cumulative impact on emissions 
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from this fraction of starts had not yet been determined. In order to address this issue, a project 
initiated in fiscal year 2017-18 characterized the activity profiles of cold-start emissions produced 
by blended PHEV models in order to understand the real-world scale of the increased emissions 
previously measured in the lab. Results indicated that blended PHEVs with smaller electric range 
are much more likely to have high-power cold-starts than those with larger range. The results of this 
study are being used to improve the emission inventory estimates of PHEV start emissions in CARB’s 
Emission Factor (EMFAC) Model and guide the development of the next clean car standards.


The projects above are examples of benefits and unintended impacts of advanced technologies in 
the transportation sector. Additional research is needed to ensure that these technologies evolve in 
a way that allows California to accelerate towards its air quality and climate goals.


Current and Future Research: An important goal for CARB is to increase the adoption of Zero-
Emission Vehicles to reduce both criteria pollutants and GHGs. This goal became even more 
necessary with Executive Order N-79-20, which sets a goal that 100% of in-state sales of passenger 
cars and trucks be zero-emission by 2035.


Current research is evaluating the performance of these advanced vehicles in fulfilling typical 
transportation needs to better understand how quickly this technology is likely to be adopted. The 
OBD measurements from a large number of light-duty vehicles (see in-house research highlight 
titled: Transportation Network Company data collection in support of Clean Miles Standard 
development) are also being used by in-house researchers to evaluate real-world energy use, from 
both gasoline and advanced technology vehicles and determine how energy use is influenced by 
operating conditions and vehicle characteristics. Findings from this study will advance understanding 
of real-world vehicle activity and energy use patterns and examine the range and fueling 
infrastructure requirements for advanced-technology vehicles to meet the transportation needs of 
every day Californians. Additional research will evaluate the effect of road grade, parasitic energy 
use, and regenerative braking on total energy use in advanced-technology vehicles, as well as 
compare real-world driving cycles with certification cycles and the fit between zero-emission vehicles 
and TNC driving needs.


Emerging mobility services have also significantly impacted the transportation sector and led to 
unintended consequences on transit use and other low-carbon transportation options. A project 
initiated in fiscal year 2019-20 is assessing equity barriers to making ride-hailing more sustainable 
by exploring links to transit and active transportation, increasing passenger occupancy and, 
vehicle electrification. This project is also examining the impact of the COVID-19 pandemic on 
transportation behavior specifically on shared mobility, other modes, and delivery services. Results 
from research on these topics will help to inform the Clean Miles Standard rulemaking, investments 
in charging infrastructure, and strategies to maximize the benefits of emerging mobility services.


Connected and automated vehicle technology is an important innovation that is projected to 
have wide-ranging impacts on travel behavior, the energy grid, the economy, and emissions. As 
the penetration of electrified, connected, automated, and shared vehicles into California’s light-
duty fleet accelerates, information will be needed on their real-world use, charging needs and the 
emission benefits of their integration into the grid. A project initiated in fiscal year 2017-18 has 
begun to quantify the projected impacts of varying penetration levels of light-duty connected and 
automated vehicles on GHG and criteria pollutant emissions, and on vehicle miles traveled.


The impacts of advanced transportation technologies – such as the use of connected and automated 
vehicles, shared vehicle fleets, and electric vehicles – will be priority research areas for CARB over 
the next three years. Future research should focus on providing the data and tools necessary to 
assist policy makers and local governments in their efforts to ensure that connected, shared and 
electrified vehicles do not have the unintended consequence of increasing vehicle miles traveled and 
degrading air quality.
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Research Questions:


• How is the energy in advanced-technology vehicles used for motion vs parasitic loads; how is 
this affected by outside factors such as road grade and temperature; and what are the energy 
and refueling needs to create a functional advanced technology mobility system?


• As advanced-technology vehicles replace internal-combustion engines, how significant will 
the remaining emissions, such as from cold start emissions in hybrids and PM from brake and 
tire systems be and will they need to be addressed to ensure clean air and low exposures in 
priority communities?


• As we move towards zero-emission vehicles (ZEV) in all sectors how can we encourage their 
use, maximize emission reductions equitably, and achieve reductions in vehicle miles traveled?


Heavy-Duty Real-World and Certification Emission Discrepancies


Background: CARB’s research has focused on monitoring emissions from on-road heavy-duty 
vehicles to improve understanding of trends in real-world emissions. This research has tracked the 
effectiveness of in-use fleet rules, (e.g., Drayage and Truck and Bus Rules) and programs (e.g., the 


in-house research highLight: transPortation netWork comPany Data coLLection  


in suPPort of cLean miLes stanDarD DeveLoPment


CARB staff have been deploying dataloggers in light-duty vehicles to collect real-world on-road 
engine and/or motor activity information, and records of real-world energy consumption. These 
loggers have been deployed in Transportation Network Company vehicles, and have been used 
by CARB staff to support the Clean Miles Standard (CMS). Staff have also investigated the road 
grade distribution of this driving, and how grade might impact engine/motor output and energy 
consumption. Results from this study have been used to derive speed correction factors for CARB’s 
CMS emissions baseline inventory. They also suggest that accounting for road grade increases the 
prevalence of strong deceleration events, which may exceed the regenerative braking capacity of 
most capable LDVs and also be associated with brake-wear PM emissions.


Figure 19: statistical analysis oF vehicle data logger inFormation showing  
prevalence oF road grade percentage and speciFic power use
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research highLight: reaL-WorLD emissions of heavy-Duty trucks


Heavy-duty on-road vehicles are an integral part of California’s transportation system and economy, 
moving a majority of goods across the state. However, they are also a large source of oxides of 
nitrogen (NOX) and particulate matter (PM) emissions that must be reduced to meet national 
air quality standards and protect priority communities in areas such as the San Joaquin Valley 
and Southern California from the health effects of diesel PM (DPM). Over the years, CARB has 
implemented strict certification standards to reduce NOX and DPM, as well as regulations that 
promote fleet turnover. Engine emissions are certified in a laboratory setting, but mounting evidence 
of discrepancies between certification emissions and in-use emissions led CARB to investigate the 
causes of the discrepancies, the nature of in-use emissions, and the durability of aftertreatment 
devices. A series of research projects (Figure 20) sampled heavy-duty exhaust emissions at ports 
and highway locations. By testing a large number of trucks over a decade, researchers found 
that fleet vehicle aging and aftertreatment device wear caused in-use emissions to increase. 
By contrast, where higher turnover reduced average vehicle age and more older trucks were 
retrofitted, emissions decreased on average. While total heavy-duty fleet emissions are declining 
in California, high-emitting trucks continue to be an issue because their in-use emissions are much 
higher than estimated by engine certification tests. This is partly because on-road performance 
varies significantly from certification test assumptions, and the selective catalytic reduction (SCR) 
technology used to reduce NOX does not operate effectively under all on-road conditions.


A related project tested two heavy-duty vehicles on an engine dynamometer (as during certification), 
on a full chassis dynamometer, and on-road. The emissions differences between laboratory and on-
road testing were attributed to factors that impact engine-out NOX and SCR catalyst performance. 
These projects confirm that in-use emissions can be significantly higher than certification emissions 
and may warrant a different approach to emissions control and certification in the future. This could 
include new SCR thermal management techniques, improved on-board emission control sensors and 
more varied certification cycles to better replicate on-road driving conditions.


Figure 20: various measurement platForms utilized to measure heavy-duty vehicle 
emissions


Chassis DynamometerOn-Road Engine Dynamometer







67Triennial Strategic Research Plan for Fiscal Years 2021-2024


in-house research highLight: anaLyzing Large Data sets on heavy-Duty vehicLes  


in suPPort of carb reguLations


In-use NOX emissions from Heavy-Duty Diesel Vehicles (HDDVs) can in some cases be unexpectedly 
high due to tampering, mal-maintenance, and malfunction of the emission control systems. 
CARB has made significant progress in reducing NOX emissions from HDDVs through a series of 
regulations, such as the heavy-duty omnibus regulation. This work has been evaluating the in-use 
NOX emissions from HDDVs using various data sources, including Portable Activity Measurement 
Systems (PAMS), Portable Emission Measurement Systems (PEMS) and chassis dynamometers, to 
support the development of these regulations. The analysis found that the overall NOX conversion 
efficiencies of the Selective Catalytic Reduction (SCR) system on many HDDVs were well below the 
90% threshold that is expected for an efficient SCR system, even when the SCR system was above 
the optimum operating temperature threshold of 250°C. While most trucks appeared to fit an 
increasing emissions rate with vehicle mileage, there were a few trucks that showed extraordinarily 
high emission rates – reaching several multiples of the standard – within the first 15,000 miles 
of operation (Figure 21). This work also examined the distribution of vehicle activities and NOX 
emissions across different operating conditions, and the impact of vehicle driving history on NOX 
emissions. The results have provided a thorough evaluation of the challenges in controlling in-use 
NOX emissions from current HDDVs.


Figure 21: tailpipe nox emissions normalized By work perFormed For various 
vocational trucks
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Heavy-Duty Vehicle Inspection Program and the Periodic Smoke Inspection Program) in reducing in-
use emissions. To estimate the effectiveness of in-use rules and programs, diesel emissions research 
has examined the durability, degradation, and failure rates of aftertreatment devices that reduce 
NOX and diesel particulate matter (DPM), and the real-world efficacy of NOX controls. This has been 
accomplished by measuring emissions from the in-use fleet using laboratory dynamometers, Portable 
Emission Measurement Systems (PEMS), on-board sensors, remote sensing, and plume capture 
devices (see research highlight titled: Real-world emissions of heavy-duty trucks and see research 
highlight titled: Analyzing large data sets on heavy-duty vehicles in support of CARB regulations).


Real-world emission monitoring can also inform CARB’s work in priority communities. CARB 
is highly focused on equity and improving air quality in priority communities as mandated by 
Assembly Bill 617.35 Many priority communities are located near ports or other sources of emissions 
highly influenced by freight or off-road equipment. Additional monitoring and testing near these 
communities could help to design better mitigation strategies.


Future Research: In the future, CARB will continue to support the measurement of HD emissions 
at long-term sites. This will allow a continuous record of real-world PM and NOX emissions over the 
entire (multi-decade) course of implementation of the Truck and Bus Rule, which will be essential 
for accurate quantification of its benefits. Also, recent and future regulations, such as Heavy-Duty 
Omnibus and Inspection and Maintenance (HD I/M) rules, will be evaluated using these long-
term records. CARB will also demonstrate the feasibility of using state-of-the-art sensors in the 
Heavy-Duty On-Board Diagnostic (HD OBD), Heavy-Duty Omnibus and HD I/M regulations. This 
will be especially important for monitoring NOX under real-world conditions where a wide range 
of operational conditions can lead to higher emissions than expected. Results of this research will 
help determine technological development strategies to control NOX emissions under all operating 
conditions. Moving forward, advanced screening tools should also be developed to identify high-
emitting vehicles or vehicles with persistently malfunctioning aftertreatment devices.


Research Questions:


• What are the fleetwide emissions trends and what new mitigation opportunities exist to help 
achieve emission reduction goals?


• How can we develop more accurate sensors and tools to identify high emitters? How will 
high emitters affect fleetwide emissions? As emission rates decrease, will high emitters cause 
community exposures to remain unacceptably high?


• What are the capabilities of advanced on-board sensors and telematics to monitor real-world 
emissions of future heavy-duty vehicles?


Reductions from Off-Road Equipment


Background and Current Research: Off-road equipment is a highly diverse part of the 
transportation sector comprising multiple engine sizes, applications, duty cycles and activity profiles. 
CARB’s research has focused on informing the emission inventory by mining activity profile data 
and emission rate measurements of off-road equipment and vehicles in use. According to inventory 
projections, off-road equipment will be the largest emitter of NOX in the state of California by 2022, 
underscoring the importance of this sector to air quality.


To inform emission inventories and emission control programs for off-road equipment and vehicles 
and to gain a better understanding of toxic emissions, current CARB research is measuring the 
emission rates of a suite of criteria and non-criteria pollutants from two off-road diesel engines 
with different aftertreatment configurations. The findings from this project will increase the 
understanding of the characteristics of emissions from engines that meet the Tier 4 final off-road 
regulation with and without a diesel particulate filter. Building on this work and to inform future  


35 C. Garcia, Chapter 136, Statutes of 2017
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in-house research highLight: tracking reaL-WorLD Program effectiveness  


of truck anD bus reguLation, anD stuDying PoLLution transPort anD imPacts  


from freeWays into neighboring communities


CARB has conducted a long-term research study to measure the real-world air quality benefits 
from California’s Diesel Risk Reduction (DRR) program in an important diesel corridor – the I-710 
freeway in Los Angeles. The study continues to track the real-world fleet-wide emissions of diesel 
particulate matter (DPM) and nitrogen oxides (NOX) from heavy-duty trucks, and compares the 
trends against expected emissions from the truck fleets as a result of the DRR program. The study 
is also analyzing the potential reduction in excess cancer risk from DPM exposure using advanced 
air quality modeling. Results indicate that from 2009 to 2016, the unit per-mile emission rates of 
black carbon (BC, a surrogate for DPM) and NOX were reduced by 83% and 70%, respectively. This 
agreed with the expected reductions due to reduction from the Drayage Truck Regulation and 
Truck and Bus Regulation. As a result, the additional cancer risk from DPM emissions from the I-710 
freeway has been reduced significantly, with average population weighted cancer risk reducing 
from 201 chances per million in 2009 to 34 chances per million in 2016 (Figure 22). In addition to 
evaluating the effectiveness of CARB programs, the study has also tracked the impact of these 
programs in reducing community exposures to air pollution in the historically-disadvantaged 
portside communities in Southern California.


Figure 22: estimated cancer risk By heavy-duty vehicle diesel particulate matter 
emissions in i-710 neighBorhood over diFFerent time periods
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Tier 5 standards, CARB has recently initiated a research project on the fabrication and optimization 
of next-tier off-road diesel NOX aftertreatment technology. The project will design, procure, age, and 
optimize advanced NOX and PM aftertreatment technologies for incorporation on a new Tier 4 off-
road diesel engine with the goal of reducing NOX emissions by 90 percent and PM emissions by 75 
percent below Tier 4 final standards. CARB’s research is also examining the technical and economic 
feasibility of electrification and hybridization of off-road equipment. This work will help advance the 
development and deployment of low-emission off-road equipment.


Two projects are characterizing in-use activity data for typical off-road equipment to inform the 
emission inventory and provide accurate real-world data to inform policies, incentive programs, 
and the development of future emission standards. One project, begun in fiscal year 2017-18, is 
characterizing the activity profiles (e.g. operation duration on an average working day, load factor 
variation during operation, and exhaust temperature) for heavy-duty off-road diesel vehicles and 
engines used in construction. The research will evaluate the representativeness of current certification 
cycles, and inform the development of duty cycles that better represent equipment activities by 
vocational use. The collection of activity profiles has been extended to agricultural equipment with 
a new project from fiscal year 2019-20. This research will characterize how agricultural engines in the 
San Joaquin Valley operate under actual working conditions, including their activity parameters (e.g., 
engine speed, torque and fuel rate) and maintenance frequency, type and cost.


Future Research: Moving forward, more work is needed to characterize the emissions and activity 
profiles covering a wide variety of off-road equipment types. This will likely entail the use of large 
datasets collected from OBD data loggers, which collect large amounts of data at low cost. Future 
work may also include development of more standardized OBD protocols for off-road equipment.


Research Question:


• How do we effectively monitor in-use emissions from off-road engines with on-board 
diagnostic or other tools?


Since the market of off-road diesel engines is expanding, and off-road emissions are becoming 
a larger portion of the inventory due to better control of emissions from on-road vehicles, 
development of emission reduction strategies for the off-road sector will be essential for the state to 
achieve its stringent air quality goals. Going forward, additional research will be needed to support 
the development and implementation of a suite of strategies to lower emissions from existing and 
new off-road equipment. Additional work is needed to identify how off-road equipment emissions 
impact community exposure. This work will be essential to guide CARB’s future incentive, regulatory 
and voucher programs aimed at reducing the climatic and air quality impacts of off-road equipment.


Research Question:


• What are the optimal pathways to control criteria pollutants from off-road diesel engines, 
particularly in priority communities?


Finally, on the lower end of the power spectrum, small off-road engines tend to be used for 
lawn and garden care and other maintenance vocations within communities. These small off-
road equipment types have less stringent emissions standards because it has been deemed 
infeasible to add aftertreatment devices. However, there is concern that these equipment types 
are leading to higher pollutant exposure in residential areas and for people working with the 
equipment itself. Electrification may be a viable option, if the infrastructure to recharge can be 
implemented effectively. It’s also possible some engines in the smaller size range can accommodate 
aftertreatment devices. Recently completed research demonstrating the feasibility of equipping 
small off-road equipment with aftertreatment devices showed that significant emissions reductions 
could be achieved (see research highlight titled: Equipping small off-road diesel engines with 
advanced aftertreatment). Moving forward, more research will be needed to determine the best 
mitigation methods in order to lower emissions and reduce community exposure impacts.
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research highLight: eQuiPPing smaLL off-roaD DieseL engines  


With aDvanceD aftertreatment


Off-road equipment represents one of the largest sources of NOX and PM emissions in California. 
Existing standards do not effectively require small off-road diesel engines (SORDEs) (<75 
horsepower) to be equipped with aftertreatment devices, partially because it was believed to 
be too costly or technically difficult for the smaller engines. Aftertreatment control devices for 
diesel vehicles and engines are considerably more common now, and the use of these devices on 
SORDEs may be more viable and thus warrant renewed consideration. CARB researchers worked 
with aftertreatment device manufacturers to add custom devices to commercially-available off-road 
equipment, then deployed these in the field to accumulate realistic work hours. The engines from 
the equipment were tested at baseline, before aftertreament devices were added, once modified, 
and after aging in the field to better understand the durability of these devices after typical use. 
The researchers also performed emissions inventory, economic and market impact analyses to 
determine the implications of added emission control strategies. The results showed that the 
various aftertreatment devices led to substantial reductions of their respective target pollutants 
and that they were durable after significant field use. For instance, diesel particulate filters (DPFs) 
led to very large decreases in PM and selective catalytic reducers (SCR) led to significant decreases 
in NOX. When combining results to determine the impact of adding these devices to SORDEs, the 
researchers found that DPFs could reduce statewide PM from engines less than 25 hp from .214 
tons/day to 0.01 tons/day and SCR could reduce statewide NOX emissions from engines 25-75 hp 
from 27.13 tons/day to between 12.23 and 4.07 tons/day. Over half of these reductions would occur 
in the San Joaquin Valley and Southern California, areas with frequent non-attainment of air quality 
standards. The costs are estimated at $29k/ton for PM and about $700-1000/ton for NOX, which 
compare favorably with costs for previous regulatory measures.


Figure 23: picture on the leFt oF the skid steer with scrt added and on the right, 
oF emissions results
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Research Question:


• What small off-road vehicles and equipment have the highest emissions and community 
exposure impacts, and how can their emissions be mitigated?


Increased Freight Efficiency


Background and Current Research: The freight system is a vital part of California’s economy and 
must respond to growing demand for e-commerce. California’s freight system is also a major source 
of emissions of both criteria pollutants and greenhouse gases. New regulations, technological 
change, and shifting market forces triggered by the COVID-19 pandemic are re-shaping the demand 
and supply sides of California’s freight industry in unforeseen ways. Vehicles, fuels, logistical systems, 
and fleet management technologies are in flux, creating new challenges and opportunities for 
improving freight system efficiency.


Increased system efficiency is needed to enable California’s freight industry to meet these combined 
challenges. Governor Jerry Brown’s Executive Order B-32-15 (July 2015) directed an interagency 
task force to develop an action plan to improve California’s freight system efficiency while increasing 
competitiveness and reducing environmental impacts. The action plan was accompanied by a series 
of white papers focusing on freight efficiency strategies.


CARB will review these and all similar research efforts, both recent and ongoing, to identify potential 
strategies for improving California freight system efficiency, as well as additional research needed 
to evaluate those strategies. A white paper initiated in fiscal year 2020-2021 will review the papers 
developed for the 2016 Sustainable Freight Action plan, as well as recent freight system literature 
and practices in order to identify remaining research needs and new technologies that can improve 
California freight system efficiency and competitiveness while reducing GHG and criteria-pollutant 
emissions. Focusing primarily on freight system sectors and technologies, operational adaptations 
and regulatory policies within CARB’s regulatory authority, the paper will provide a research 
roadmap for future projects on this topic.


Future Research: Going forward, CARB will continue to coordinate with academics, stakeholders, 
and state and Federal agencies to ensure that freight research efforts are efficiently leveraged and 
avoid duplication of effort. Stakeholder engagement during research planning and execution will be 
essential to identify real-world needs and provide input on the feasibility of implementing potential 
efficiency strategies. The inherently complex and evolving system will require an equally complex 
and visionary set of solutions.


Research Questions:


• What are the strategies and quantitative benefits of efficiency improvements in the freight 
system, individually and in combination?


• What mechanisms can support industry efforts to boost efficiency?


New transportation trends and methods in goods delivery services are leading to new possibilities 
for reducing overall emissions. Particularly due to the pandemic, e-commerce and on-demand 
delivery services have seen a boost as more and more people avoid driving personal vehicles to 
purchase goods and services. This trend of increasing goods delivery needs to be monitored and 
made as efficient as possible in order to derive the greatest emission benefits. Various projects are 
tracking the rise in e-commerce and its impacts on vehicle miles traveled. Moving forward, CARB 
will investigate how these trends are potentially affecting emissions and where efficiency can be 
maximized for lower congestion and reduced personal vehicle travel. There may also be potential 
for blending transportation modes: allowing transit, automated vehicle travel and other modes of 
moving people to also carry goods to their final destinations. Innovative ideas for new efficiencies 
will be of interest moving forward. Finally, there may be potential to optimize the health benefits 
from increased freight efficiency, therefore the co-benefits of proposed interventions should be 
evaluated – particularly in communities highly impacted by freight emissions.
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Research Questions:


• How can we leverage economic data, survey and other analysis tools to quantify displacement 
of personal vehicle VMT by e-commerce? How can e-commerce with high VMT displacement 
potential be incentivized and promoted?


in-house research highLight: characterizing the energy DemanD of transit  


battery eLectric buses


As part of the Innovative Clean Transit regulation, policymakers and program management are 
required to track the progress of converting conventional transit fleets to zero-emission transit 
fleets. Converting whole bus fleets from compressed natural gas or diesel to 100% battery-electric 
buses is challenging and costly. Thus identifying the operational barriers and lessons learned from 
pioneering fleets is critical for ensuring future victories in cleaning up transit across the state. 
CARB staff has worked with a pioneering bus fleet leapfrogging from diesel to battery-electric 
buses (BEBs) to answer questions on operational limitations and variability in energy demand. 
BEB activity data was collected using HEM® data loggers for more than a year. The 1-Hz data 
included powertrain control parameters as well as global positioning system (GPS) data. The data 
is being analyzed to elucidate typical activity changes as functions of route type, propulsion type, 
time of day, and season. From this analysis, it was found that 40-ft buses consume 2.43-2.83 kWh/
mile depending on the season (Figure 24), and the 60-ft buses consistently consume 30-41% more 
energy. The energy consumption of buses, based on the evidence, is dependent on the state-
of-charge of the battery. Overall, the buses are charged less frequently during peak periods, 
and charging time is higher during off-peak periods. Using these research findings, program 
management and fleet operators can anticipate the variability in BEB energy economy to account 
and plan for operational limitations during different seasons. Transit operators and program staff 
can also use this data to deploy BEBs in a more cost-efficient manner by optimizing the BEB 
charging frequency/time and transit schedule together.


Figure 24: energy consumption oF Battery electric Buses operated in lancaster, ca 
over diFFerent seasons
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• What potential methods are feasible in the near and long-term future for increasing freight 
efficiency by leveraging other innovative transport technologies such as automated vehicles, 
personalized and shared mobility services, and mass transit?


• How can we incentivize less personal VMT and provide benefits to priority communities 
through better understanding and analysis of consumer behavior trends?


Potential of Advanced Heavy-Duty Technology


Background: CARB funds research on the use of advanced technologies in the heavy-duty and 
off-road sectors to guide CARB’s incentive, regulatory and voucher programs aimed at reducing 


in-house research highLight: a tooL to moDeL energy use by zero emission vehicLes


One of the major goals of CARB’s low carbon transportation programs is to encourage the 
adoption of zero-emission vehicles. Programs such as the Innovative Clean Transit and Advanced 
Clean Truck regulations need more reliable energy economy estimates for different types of 
vehicles. These estimates should include parameters such as auxiliary energy consumption and 
efficiency of regenerative braking. Building on the data collection and analysis work done on BEBs 
described earlier, CARB staff have developed a model to inform programs. Instead of collecting 
huge datasets to answer these questions, a robust modeling methodology has been created that 
uses both backward modeling principles (from wheel to engine) and forward calculation (from the 
engine to wheel) methods to calculate event-specific— i.e. running, idling, braking, transmission 
loss, and auxiliary energy demand. This model, ITEM-Tools (Integrated Transportation Energy 
Modeling Tools), can take latitude, longitude, and speed data to calculate the aforementioned 
event-specific energy consumption for different technology vehicles. This model has different 
modules for transit bus-diesel, diesel-hybrid and electric, drayage trucks-diesel, and long-haul 
trucks-diesel. These modules were calibrated and validated with real-world data and they have 
predicted real behavior well for different modules (Figure 25). This modeling suite can be useful 
for estimating the impact of critical parameters such as road grade and passenger occupancy 
on energy demand. Further, it can be used to identify possible limitations for the deployment 
of certain battery capacity buses on specific routes. The model can potentially provide reliable 
technical statistics such as energy efficiency ratios used in future ZEV regulations.


Figure 25: measured versus modeled energy requirements oF Battery electric Buses
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their climatic and air quality impacts. Near-term exposure mitigation strategies are being addressed 
by real-world clean transportation projects, such as the Low Carbon Transportation program, Air 
Quality Improvement Program (AQIP), VW 3.0-Liter Settlement, Carl Moyer Program, and Prop 1B. 
CARB has funded several research projects that informed the best use of these funds to minimize 
criteria pollutant, air toxic and greenhouse gas emissions and incentive strategies for technology 
adoption to spur the market toward a zero-emission future.


Current Research: Achieving California’s climate and air quality goals will require significant 
transformation of the heavy-duty sector. While electrification will be required to decarbonize 
vehicle energy demands, new sales and turnover of existing heavy-duty vehicles will take time. In 
the meantime, biofuels can also reduce greenhouse gas (GHG) emissions and provide a drop-in 
fuel substitute; however, they do not reduce criteria pollutant emissions as much as zero-emission 
vehicles (ZEVs). This is of particular concern for EJ advocates and where possible, zero emission 
propulsion technologies should be prioritized where freight operations impact priority communities.


A recent project has done a comprehensive analysis of the fuel pathways that will lead to rapid 
decarbonization of fuel stocks for heavy-duty vehicles. This study developed long-term scenarios for 
least-cost uses of renewable fuel feedstocks, fuel production technologies, and powertrains for the 
heavy-duty sector, given technology and emission constraints. These scenarios will inform investments 
and policy development so that California can achieve air quality and climate goals. Results from the 
techno-economic optimization showed that electricity and biomass-derived renewable diesel, natural 
gas, and hydrogen were viable pathways toward fleet mixes that can meet climate and air quality 
goals, but increasing ZEV adoption yielded lower GHG emissions in the long-term at nearly the same 
cost. Additionally, constraints on biomass availability and uncertainty regarding competing demands 
from other sectors may require electrolytic fuel pathways play a prominent role long-term if hydrogen 
and renewable natural gas meet a substantial portion of fleet fuel demands.


Fleet barriers to achieving these future scenarios were investigated to create a guidance document 
incorporating strategies that help overcome identified constraints. The most effective policies and 
economic mechanisms to encourage zero and near-zero pathways were identified through analyzing 
existing policies and potential barriers to using advanced technologies.


As mentioned above, models tend to predict that ZEV adoption yields lower GHG emissions in the 
long-term. But significant barriers exist for electrification of heavy-duty engines, particularly for 
off-road equipment. The off-road sector is complex, with varying equipment chassis, variable duty 
cycles and differing refueling needs. Converting off-road equipment such that it functions on battery 
power will be challenging due to the various niches in this category. However, there is an urgent 
need to find the best technology pathways to rapidly transform the market.


An ongoing project is examining the barriers to adoption of battery electric technology to power 
off-road equipment, with an emphasis on construction and agricultural equipment. That project is 
prioritizing equipment types that comprise the largest emitters of criteria pollutants and GHGs to 
establish which of these equipment types may be suitable for electrification. As battery technology 
improves, and charging infrastructure becomes more prevalent, the barriers to adopting this 
technology will diminish. A modeling exercise is examining which equipment types could electrify with 
today’s battery technology by simulating real-world duty cycle data collected from in-use equipment.


Future Research: Future work in this area will continue to examine technology interventions, 
advances in efficiency and optimization of charging infrastructure to meet the energy needs of 
freight and off-road equipment. Going forward, CARB will continue to prioritize research to support 
the use of advanced technologies to reduce emissions in the heavy-duty and off-road sectors.


Research Question:


• What are the policy opportunities to promote and shape the deployment of clean and 
equitable passenger mobility, goods delivery, and ZEVs to meet community needs, prevent 
congestion, reduce VMT, promote electrification, and support other state goals?
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Moving forward, CARB will continue to evaluate the barriers to electrification across all heavy-duty 
and off-road vocations, and to determine the most effective placement for charging infrastructure to 
meet power demands and integrate efficiently with the electric grid. There are also many research 
questions regarding vehicle-grid integration. Hydrogen and battery electric vehicles may play a role 
in helping the grid to decarbonize as more refueling and recharging infrastructure is built.


Research Questions:


• What is the feasibility and cost of the hybridization and electrification of certain heavy-duty 
vehicle and off-road vehicle fleets?


• What is the potential for vehicle-grid integration and how could it play a role in electric grid 
decarbonization?


In the medium- and heavy-duty sector, advanced technologies have the potential to reduce vehicle 
emissions, improve freight system efficiency, and improve the health of communities adjacent to 
freeways and freight hubs such as ports, railyards, and distribution centers. A recently completed 
project assessed geofencing as a strategy to lower emissions from heavy-duty vehicles in urban 
areas that are also environmental justice communities. Geofencing was defined as using a virtual 
boundary for a specific area within a broader geographic area where strategies can be triggered to 
reduce air pollutant emissions to minimize adverse public health and environmental impacts. Such 
strategies can be triggered temporally and spatially.


The project used models to show the reduction in exposure if certain geofencing strategies 
were implemented in select environmental justice communities in California; and provided policy 
recommendations to establish a more formal role for geofencing strategies in some of California’s 
premier efforts to reduce community exposure. CARB’s Research Program hopes to build on this work 
by continuing to evaluate the direct and indirect benefits of geofencing strategies and other advanced-
technology applications in modeled and real-world demonstration projects. This research will be crucial 
for reducing emissions in priority communities disproportionately impacted by freight emissions.


Research Question:


• How can the deployment of geofencing and automation be shaped to meet mobility needs, 
minimize exposure to mobile source emissions (especially in priority communities), as well as 
minimize VMT?


Non-Tailpipe Emission Sources


Background: Recently CARB has significantly ramped up its research efforts to improve 
understanding of non-exhaust emissions from vehicles; and their effects on air quality and 
public health. The new effort comes in response to various research needs. The current emission 
inventory shows vehicle non-exhaust PM to be a substantially larger fraction of vehicle primary 
PM emissions than PM from exhaust. However, new technologies, such as fully- or partially- 
electrified vehicles, will become more prevalent, particularly with the Advanced Clean Car 
Regulation. These vehicles have regenerative braking and low-rolling-resistance tires to maximize 
battery capacity, so their non-exhaust emissions are likely to be affected. Brake-wear emissions 
are also likely to change over time as copper removal laws for brake-pads are adopted. These 
technology changes signal a likely change in emissions.


Most inventory values today rely on tests performed almost 20 years ago, and are due for an 
update. Brake- and tire-wear emissions are likely to depend on driving behavior. The inventory 
should also account for this to better model how emissions may impact different regions based 
on typical driving patterns. What is clear from previous studies is that brake- and tire-wear emis-
sions consist of relatively large inhalable particles. This suggests they can still impact health but 
may not remain suspended or dispersed in the same way that exhaust PM does. This has  
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Figure 26: diagram comparing various methods For characterizing Brake-wear emissions: 
a) enclosed Brake-dynamometer, B) sealed rl-shed, leveraging Full vehicle chassis 
dynamometers, and c) roadside studies
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research highLight: measuring brake-Wear emissions from Passenger vehicLes


California’s vehicle emission inventory model, EMFAC, helps CARB keep track of important 
sources of pollution and is a critical tool for air quality planning on both regional and local levels. 
Updates to the inventory are necessary to continue meeting air quality goals and understanding 
how regulatory measures may impact air quality. Models like EMFAC predict that non-exhaust 
sources, such as brake and tire-wear, are the main source of primary particulate matter (PM) from 
on-road vehicles and this has raised concerns around the world to better understand this source 
of emissions. CARB researchers measured and characterized PM emissions from a variety of brake 
components under various operating conditions. Brake PM emissions were generated using an 
enclosed brake dynamometer and measured using state-of-the-art measurement techniques. The 
results show that PM emissions are sensitive to braking materials, braking force, and simulated 
vehicle weight. The investigators also simulated regenerative braking, a typical feature of advanced 
clean cars, and found that this technology led to lower overall PM emissions. The test results will be 
used to create new emission factors for the EMFAC model and provide the most comprehensive 
data set on light-duty vehicle brake emissions to date. Given that brake-wear is currently estimated 
to be the largest source of primary PM from on-road vehicles, updates to the model that include 
current materials and advanced technologies will help CARB better assess how these emissions 
will impact air quality on a regional level, but more importantly on a local scale, particularly for 
populations living near major roadways. This source of emissions has become a major concern 
recently, and this project is an important first step in better understanding its potential impacts on 
air quality and exposure.


Figure 27: total vehicle pm mass emissions For all vehicle tests and as a Function  
oF vehicle weight and Brake pad material
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implications for exposure. One concern is that these emissions may impact communities living 
very near major roadways while having a less dramatic impact on regional air quality. This is a  
major concern for priority communities. Another important difference between exhaust and 
non-exhaust PM relates to their composition. There is a concern that non-exhaust PM contains 
higher concentrations of metals and other toxic compounds that could have negative  
health effects.


The non-exhaust emissions Research Program recently developed at CARB is designed to fill many 
of these research needs. Extramural contracts designed to generate new emission factors began 
in early 2017. In-house projects designed to complement the extramural contracts are on-going. A 
roadside project designed to better understand non-exhaust emissions at the roadside and their 
impacts on exposure is also on-going.


Non-Tailpipe Emission Sources: Brake-Wear


Background and Current Research: CARB has invested in research efforts to modernize its 
emission inventory for brake-wear PM, which is currently the largest source of primary PM from 
on-road vehicles and is predicted to increase over time. Currently EMFAC relies on older data 
that was limited in scope and did not focus on California-relevant vehicles or driving behavior. The 
most widely accepted method for testing brake-wear PM to derive emission factors is the enclosed 
brake dynamometer. This method isolates brake-wear from other sources and thus removes a large 
uncertainty compared to on-road or full vehicle tests. Although this method has been used since 
the 1980s, a standardized and recommended protocol was not established until recently. Currently, 
the European Joint Research Centre (JRC) is leading the effort to establish a standard protocol so 
that experimental results around the world can be more easily compared. A recent study used this 
method to collect brake-wear PM from various on-road vehicles under various conditions. Likewise, 
the California Department of Transportation (Caltrans), in collaboration with CARB, is funding a 
similar project focused on heavy-duty vehicles. Both projects will provide new emission factors 
based on common vehicles operating in California. Thus far, results have demonstrated that higher 
vehicle loading and aftermarket parts lead to higher emission factors (see research highlight titled: 
Measuring brake-wear emissions from passenger vehicles). Brake-wear emissions are lowest in higher 
speed driving due to less-frequent braking as a function of distance driven. Regenerative braking 
does lead to lower emissions overall.


In addition to the enclosed brake dynamometer method, other complementary laboratory methods 
can investigate the shortcomings of the enclosed brake dynamometer and link its results to the 
on-road situation. Since the enclosed brake dynamometer is designed to capture all emissions with 
minimal losses, it may overestimate emissions. In-house research efforts are currently underway at 
CARB using full-size vehicle testing methods that will still simulate brake-wear while minimizing other 
sources of pollution.


Going forward it will be important for CARB to continue testing vehicles as the fleet make-up 
changes and as brake part materials change. Additionally, the inventory should be updated as more 
regenerative braking capable vehicles enter the fleet. This line of research will continue to inform 
inventory estimates and guide potential regulatory programs.


Non-Tailpipe Emission Sources: Tire-Wear


Background and Current Research: In addition to brake-wear, tire-wear is an important component 
of the emission inventory. Like brake-wear, the tire industry is changing and evolving in response 
to calls for more efficient vehicles to reduce greenhouse gases. This has led to wider adoption of 
low-rolling-resistance tires. These shifts in materials and vehicles suggest the need to create new 
tests and modernize emission factors. Increasing interest in this topic, as with brake-wear, has led 
to new methodologies for testing and better understanding the factors affecting tire-wear PM. As 
with brake-wear, tire-wear emissions depend on driving behavior, materials and vehicle type. The 
issue with tire-wear is that it is more challenging to test because emissions are highly dependent 
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on the road surface as well. Few laboratory methods thus far can recreate real road conditions with 
high fidelity. The literature also suggests that aggressive driving, side slip and hard braking lead to 
significantly higher tire-wear emissions. This suggests that certain road segments with higher turning 
radius, or off-ramps requiring harder decelerations, could lead to higher tire-wear. These roadway 
facilities could be hotspots for this type of emission. More information is needed on the prevalence 
of aggressive driving maneuvers leading to higher tire-wear emissions, and whether recurring 
emissions could lead to exposure concerns for people living near those hot spots.


As part of the on-going research plan to update our understanding of non-exhaust emissions, an 
in-house white paper project is currently underway to explore different testing methodologies and 
to define the most important parameters affecting tire-wear (see research highlight titled: Brake and 
tire-wear white paper in support of developing local and regional air quality policies). Leveraging 
industry knowledge will be critical in determining the direction tire-wear technology is heading 
and which materials and tire types dominate the market share today and in the future. Updates 
to the emission inventory are critical for predicting which sources of pollution dominate certain 
environments and help CARB properly plan to mitigate the worst effects of toxic air pollutants. 
Future laboratory or on-road testing will be informed based on the analysis in this white paper.


Real-World Non-Exhaust Emissions and Exposure


Background and Current Research: A current study is analyzing emissions collected at 
two monitoring sites in Southern California using a comprehensive suite of instruments. The 
instrumentation has been chosen to probe PM chemical and physical characteristics to understand 
how traffic patterns and fleet mix contribute to PM. Meteorological information has also been 
recorded. The project is leveraging Southern California Air Quality Management District air quality 
data as well as weigh-in-motion sensor data to determine fleet mix. Additional sampling of PM has 
been performed to probe the toxicity of different PM sizes. The data collected from this research will 
be analyzed to derive the relative impact of exhaust and non-exhaust PM emission, and will be input 
into a dispersion model to determine the potential exposure impacts downwind. The results of this 
research will be critical in providing a real-world comparison with the laboratory generated brake-
wear data. One of the sampling sites chosen was near the 710 freeway, considered a major pollution 
source in a nearby environmental justice community, thus this project will also provide invaluable 
information for the AB 617 program.


This research will help refine emissions estimates by using a top-down approach. In coordinating 
with the lab projects, which are a bottom-up approach, the results of this project will help support 


in-house research highLight: brake anD tire-Wear White PaPer in suPPort  


of DeveLoPing LocaL anD regionaL air QuaLity PoLicies


One of the main targets for regulatory measures adopted and implemented by the Board has 
been to decrease pollutant levels from tailpipe exhaust emissions of on-road vehicles. Non-exhaust 
PM emissions, including inhalable dust from brake and tire-wear, have raised concerns due to 
their predicted significant emissions compared to tailpipe exhaust PM. However, until recently, no 
commonly accepted brake-wear emission test method had been established, and as of yet there 
is no commonly accepted test for tire-wear emissions. CARB is currently investigating different 
approaches and methodologies to better understand and measure brake- and tire-wear PM 
emissions. An in-house white paper will summarize the current state of knowledge on brake- and 
tire-wear emissions measurement methods, emission factors, PM characteristics, health effects, 
potential mitigation options and remaining unknowns. This paper will allow CARB to determine 
future directions for investigating these sources of pollution, which raise exposure and health 
concerns for communities living near major roadways.
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emission reduction strategies. The design and execution was informed by results and methods tried 
in the past. This project is establishing a new precedent for monitoring non-exhaust emissions that 
can be replicated in the future to track how exhaust and non-exhaust emissions change with fleet 
turnover and land use changes brought about by the Advanced Clean Car and Advanced Clean 
Truck programs as well as SB 375. In addition, the toxicity and PM characterization information will 
be invaluable to our Health Research Program.


Future Research: Going forward, more information will be needed regarding non-exhaust emissions 
on other road types. Surface streets may present important hot spots for non-exhaust emissions 
impacting vulnerable populations. More granular information would elucidate potential exposure hot 
spots that could be modified to induce different driving behavior. In the future, vehicle automation 
may present opportunities to minimize driving behavior that leads to higher non-exhaust emissions. 
More work will be needed on how driving behavior affects the emission of brake and tire-wear 
particles to determine how to mitigate their effects on the surface street level, where there may be 
the highest potential for exposure.


Research Question:


• What are the real-world emissions associated with brake and tire wear and what are the best 
methods for monitoring these sources?
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Climate Pollutant Inventories and Mitigation
California’s seminal Global Warming Solutions Act, Assembly Bill (AB) 32,36 charged CARB with 
developing a Scoping Plan that describes the approach California will take to achieve the goal of 
reducing GHG emissions to 1990 levels by 2020. Senate Bill (SB) 3237 codified a new GHG emissions 
target of 40 percent below 1990 levels by 2030. Governor Brown’s Executive Order B-55-18 (2018) 
commits California to total, economy-wide carbon neutrality by 2045.


Short-lived climate pollutants (SLCPs) and nitrous oxide (N2O) emission reductions are critical to 
achieving California’s GHG emissions reduction goals. SLCPs include methane (CH4), fluorinated 
gases (including hydrofluorocarbons, or HFCs), and black carbon (BC). These air contaminants are 
powerful climate forcers that have an outsized impact on climate change in the near term compared 
to longer-lived GHGs such as carbon dioxide (CO2). Senate Bill (SB) 1383,38 also requires a 40 percent 
reduction in methane and HFC emissions and 50 percent reduction in anthropogenic black carbon 
emissions, all relative to 2013 baseline levels, by 2030.


CARB’s Research Program has sponsored external research and developed in-house research 
initiatives to support the agency’s efforts to inventory, monitor, and mitigate the emissions of 
these SLCPs. In addition, CARB’s climate research quantifies co-benefits and supports mitigation 
opportunities and pathways to help reach climate goals.


Evaluating Trends and Refining Emissions Estimates


CARB is currently engaged in several research efforts to better understand GHG emission behavior 
both regionally and from individual sources. This work relies mainly on ambient measurements of 
greenhouse gases. The statewide GHG monitoring network can provide insights at regional levels 
through a host of ambient measurements (e.g., CH4, isotopic CH4, CO2, N2O, BC, and F-gases). CARB 
has two mobile platforms, with research-grade GHG, air quality, and trace chemical measurement 
capabilities; and flux towers, which can evaluate emissions at the source level to supplement 
regional-level information. Mobile platforms provide snapshots but can be deployed at more 
sources while flux towers can provide longer-term information and provide insights on emission 
characteristics but are not easily moved between locations. CARB is also collaborating with others 
on a variety of ambient observations, including satellite, aerial, and ground-level measurements, 
and with a new focus on remote sensing. Collectively, these efforts are helping us gain a better 
understanding of GHG sources, their emissions, and mitigation options in California.


Evaluating Trends and Refining Emissions Estimates: Methane


Background and Past Research: California has made significant progress on understanding 
methane emissions in the state, and the results help inform California’s climate change mitigation 
program under the requirements of AB 32 and SB 32, among other pieces of legislation. The 
Methane Research Program at CARB uses a variety of scientific approaches to understand source 
profiles and characteristics of methane emissions at regional and local scales as well as for different 
source sectors. Major research efforts include CARB in-house studies, CARB-funded research 
contracts, collaboration with local and federal organizations, national labs and leveraged research 
outcomes from other state agencies, such as the California Energy Commission (CEC), California 
Department of Food and Agriculture (CDFA) and California Department of Resources Recycling and 
Recovery (CalRecycle). Leveraging findings from research projects funded by other state agencies 
allows for a comprehensive and integrated understanding of California methane emissions and 
mitigation measures.


At the statewide level, CARB has supported both extramural and in-house research to develop 
top-down estimates of California methane emissions using inverse modeling approaches based 


36 Nuñez, Chapter 488, Statutes of 2006
37 Pavley, Chapter 249, Statutes of 2016
38 Lara, Chapter 395, Statutes of 2016
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on data from the statewide GHG monitoring network, airplanes and satellites. Current work in this 
vein includes reducing the uncertainty of the modeling estimates and investigating the reasons for 
discrepancies with the inventory. CARB also has a long-standing research collaboration with the 
Megacities Carbon Project in Southern California to study regional methane emissions in the Los 
Angeles area and is funding multiple data-collection projects in support of the effort.


To better understand the occurrence and emission rates of point-source leaks of methane in 
California, CARB and the CEC, along with NASA, commissioned the California Methane Survey 
(CMS); using imaging spectrometers mounted on airplanes to identify and show on a map the 
location of methane point sources to within several meters. Such point sources, if identified, could 
potentially be easy targets for mitigation. The airplanes surveyed the main methane-emitting sources 
in California – agriculture, the oil and gas industry, and landfills – scanning 272,000 distinct facilities 
and infrastructure components across the state. These scans identified 564 large methane plumes 
with emissions above the detection limit of 10 kgCH4/hr. These could contribute significantly to 
statewide methane emissions. To evaluate the extent to which these plumes are mitigable, CARB 
worked with industry partners during a similar field campaign in 2020 to put boots on the ground 
whenever a plume was identified in the partner’s operation or infrastructure. The results from this 
latest study show that a significant portion of the plumes identified can be mitigated, and that, 
in aggregate, they are an important fraction of the methane inventory. Satellites with this type of 
technology would enable important mitigation for methane worldwide, and are one of the potential 
outcomes of the Bloomberg – Planet – California ‘Satellites for Climate Action’ collaboration (see 
research highlight titled: Launching satellites to detect methane leak sources).


CARB is further expanding methane measurement and analysis efforts by initiating facility-level 
emission quantification with aircraft-based emission estimation, ground-based mobile monitoring, 
and flux tower measurements. The airborne technique was successfully applied to quantify methane 
emissions during the Aliso Canyon leak incident, and has continued for all natural gas storage 
facilities in the state. The ongoing project extends these measurements to include dairies, landfills, 
oil and gas fields, and refineries.


In the agriculture sector, CARB has supported various projects to understand the emissions and 
activities of California dairy farms, develop a California Specific Dairy Emission Model to quantify 
GHG and air pollutant emissions from enteric fermentation and manure management, and evaluate 
the effectiveness of multiple mitigation strategies such as alternative manure management practices, 
dairy digesters, and feed additives. In the waste management sector, CARB has conducted a long-
term study of methane emissions at a large California landfill using a comprehensive, multi-scale 
measurement approach. Results show that emissions at this particular landfill vary both temporally 
and spatially due to meteorological factors and landfill operations, and that the active portion of 
the landfill may emit a disproportionate fraction of the total emissions. Additional work is needed to 
understand if these results are generally representative of landfills. In the energy sector, CARB has 
funded projects to estimate fugitive emissions from natural gas well heads, distribution pipelines, 
and customer gas meters.


Future Research: While CARB has made progress in understanding methane emissions, there are 
still knowledge gaps that need to be addressed. Moving forward, the focus of CARB’s research 
efforts on methane is to improve our understanding of methane emissions from major sectors, 
identify and evaluate certain sector-specific mitigation strategies where possible, and better 
understand the occurrence and mitigation potential of point sources. Future research on methane 
emissions will need to translate source-level emissions snapshots to relevant emission factors and/
or process-based models that are able to estimate emissions based on source specific environmental 
factors, considering temporal and spatial variations. A more systematic understanding is needed 
for both source-specific activity patterns and emission rates to better understand these emission 
sources.



https://earthobservatory.nasa.gov/images/86970/megacities-carbon-project
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Moving forward, CARB will continue to address questions related to further improving knowledge 
on the major sources of GHGs discussed above. The various tools and methods leveraged across 
multiple efforts will also be used to identify any new, understudied or emerging sources of GHGs 
across the state.


Research Questions:


• What are the GHG emission trends for specific sources and how can they inform future GHG 
policies?


• How can new technologies, such as remote sensing that can pinpoint individual leaks, be used 
to achieve further methane mitigation?


in-house research highLight: neW techniQues for emission measurements


In the last three years, CARB staff have integrated the use of eddy covariance flux systems that 
allow comprehensive and continuous assessments of carbon emissions from a variety of complex 
sources (Figure 28), and have successfully deployed these systems to measure methane emissions 
from major sources in California. Staff have deployed these systems at a series of dairies across the 
state to study the emission reduction potential of alternative manure management practices. In 
another study, staff deployed a series of flux towers at one of the largest landfills in the state, and 
collected data over a two-year period to study the various methane emission sources, such as the 
cover itself, the gas collection system, and the landfill active zones, as well as the influence of 
short-term meteorological factors and longer-term seasonal changes on emissions. These new 
research efforts are improving CARB’s capabilities and tools to study these source behaviors, and 
are laying the groundwork to improve emission estimates, and help identify effective mitigation 
strategies to reduce their emissions.


Figure 28: Flux tower deployed in the field
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in-house research highLight: Launching sateLLites to Detect methane  
Leak sources


CARB has funded a series of research projects to test and deploy state-of-the-art NASA methane 
plume imaging technology to survey California’s methane infrastructure. This approach can find 
large methane emitting sources and equipment quickly and efficiently. CARB, along with the 
California Energy Commission (CEC) and NASA, funded the 2016-2018 California Methane Survey, 
which successfully deployed this technology using aircraft campaigns, and found over 550 large 
sources of methane emissions and leaks. CARB has also worked with the research team and 
various stakeholders to integrate, evaluate, and demonstrate the utility of these products using 
quick-look methane plume data. This can notify the operators and stakeholders within 24-48 
hours of observing an emission source so that it can be quickly mitigated. However, aircraft are 
costly in the long run and impractical for the long-term routine monitoring required to achieve 
effective mitigation across California and the globe. The state of California has therefore entered 
into a “Satellites for Climate Action” partnership with partners like PLANET, Inc., the High Tide 
Foundation and Bloomberg Philanthropies, amongst others, to launch spaceborne versions of 
these sensors on satellites in the coming years. Concurrently, CARB is working with JPL to bring 
the source and data visualization platform (JPL’s Methane Source Finder: methane.jpl.nasa.gov/) 
in-house. This project will develop the data pipeline and notification system needed for effective 
mitigation for future satellites and will take place in collaboration with stakeholders and operators 
on the ground. Once an operational constellation of multiple satellites is available, California would 
have the ability to track methane plumes from point sources in time and space with sufficient 
resolution and accuracy to potentially inform its programs and regulations.


Figure 29: airBorne methane source mapping example in caliFornia
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Evaluating Trends and Refining Emissions Estimates: Nitrous Oxide


Past and Current Research: CARB’s N2O Research Program has focused on agricultural soil 
management, the largest source of N2O emissions in the state. N2O emissions from soil are 
mediated by soil microorganisms and are therefore sensitive to soil environmental factors, leading 
to extraordinary spatial and temporal variability in N2O emissions. CARB has collaborated with CEC, 
CDFA, and CalRecycle in funding both field and modeling studies of N2O emissions from California 
croplands. This Research Program measured N2O emissions from major California cropping systems, 
evaluated alternative management options that are potentially effective in curbing N2O emissions, 
and developed a California-specific biogeochemical model: DeNitrification DeComposition 
(DNDC), that can be used to quantify N2O emissions under a wide range of cropping scenarios 
under California conditions. The DNDC model is currently being used by CARB. Work is ongoing to 


in-house research highLight: ghg monitoring anD anaLysis frameWork


In the last decade, CARB staff have implemented a GHG emissions monitoring and analysis 
research program that uses statewide GHG monitoring network data coupled with inverse 
dispersion modeling and analysis techniques for evaluating regional GHG emissions. These 
research efforts use data collected by CARB’s Statewide GHG Monitoring Network, a first-of-its-
kind state-operated network designed to support CARB’s programs and to provide additional 
information that can be used in CARB inventories. Staff have completed a variety of regional 
emissions analyses, including two multi-year inverse analyses of statewide methane and nitrous 
oxide emissions, and a series of regional studies of methane, nitrous oxide, and fluorinated gases in 
the South Coast Air Basin using emission modeling and source apportionment techniques. CARB is 
also expanding the GHG monitoring network to add additional monitoring sites in the San Joaquin 
Valley where methane emissions are highest and complex due to a multitude of sources, adding 
boundary layer measurements using ceilometers, and real-time F-gas and VOC measurements 
(which can help with source attribution). These measurements and analytical methods shed 
additional light on GHG emissions in the state and help inform our inventory and programs. 


Figure 30: statewide methane emissions map generated using statewide ghg 
monitoring network data and inverse modeling
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incorporate the DNDC-based N2O emissions into the state inventory, and by CDFA for information 
for the Healthy Soils program. That program implements mitigation measures on the ground to cut 
N2O emissions and increase carbon sequestration in California agricultural soils.


Future Research: This research initiative has been fruitful over the past few years, and while CARB 
staff will continue to provide foundational information and investigate the discrepancies between 
atmospheric measurements and modeling, there is not a priority research question for this Triennal 
Plan. As additional knowledge is gained, Staff may recommend a future question.


Evaluating Trends and Refining Emissions Estimates: F-Gases


Past Research: CARB’s Research Program on F-gases has inventoried California’s sources of these 
high-GWP gases. Past CARB-funded research on HFCs and other high-GWP GHGs found that these 
gases are emitted by a variety of sources, and are the fastest growing GHGs in California. These 
studies also assisted with the development of the Short-Lived Climate Pollutant Reduction Strategy.


Current Research: Current research on F-gases aims to improve the inventory of small stationary 
refrigeration and air conditioning equipment that use either HFCs or alternative high-GWP 
refrigerants. Through this current effort, CARB will have a better understanding of the number of 
systems in use, their leak rates determined by practices in the field, and the age of these systems. 
CARB will continue to prioritize research to refine F-gas emission inventory estimates, including 
updating with potential new sources such as heat pumps, which have potential to increase in 
numbers with electrification over the coming years. The results will be used to improve F-gas 
emissions estimates, and will also be used to inform policy decisions to reduce GHG emissions.


Evaluating Trends and Refining Emissions Estimates: Black Carbon (BC) and Brown Carbon (BrC)


Past Research: CARB research on BC began with the creation of a California inventory for BC. 
A CARB-funded study observed a 50 percent reduction in BC measured at monitoring sites 
throughout California over the past twenty years, and a 90 percent reduction over the past 45 years. 
The 50 percent reduction in BC accounted for a 25 percent decrease in atmospheric heating in 
California. Through a collaborative research effort with NOAA, CARB was able to produce direct 
measurements of this forcing in the atmosphere. These results agree with the expected emission 
reductions associated with California’s diesel emissions control program. While the scope of this 
work was limited to determining the impact of BC, this study discovered that brown carbon (a form 
of organic carbon aerosols) is also an absorber of radiation, particularly at short wavelengths, and 
may serve as an extra warming agent due to its typically higher concentrations.


CARB conducted a study that applied multi-wavelength ambient BC and carbon monoxide (CO) 
measurements made at the Mount Wilson Observatory (MWO) to produce BC emission estimates 
for Los Angeles County within the South Coast Air Basin (SCLA) from 2013 to 2020. The annual 
measurement-based BC emissions showed a reduction of 28% between 2013 and 2018. Subsequent 
analysis of multi-wavelength ambient BC data determined that biomass burning contributed 20% 
of the annual average BC concentrations observed at MWO. This study highlights the successful 
implementation of past PM emission control strategies in reducing ambient BC, and the need to 
further evaluate BC emission sources and their spatial variabilities in SCLA to aid in the development 
of air pollution control and management policies.


Current Research: Recent studies show that BrC (light-absorbing organic carbon) particles can also 
absorb solar radiation efficiently, although they differ from typical BC particles. BrC emissions from 
residential, agricultural, and wildfire burning are a highly seasonal, episodic, and poorly characterized 
fraction of PM2.5 in California. A multi-institution collaboration identified and characterized the 
contribution of BrC to climate forcing in California. The results indicate that BrC is important for 
surface-level absorption in wintertime Fresno, although BC is still the largest fraction of surface-
level absorption. A combination of source-oriented regional modeling and global plus regional 
modeling showed that diesel engines make a larger contribution than biomass burning to total-
column absorption in California. The results of this project provide valuable insights regarding the 
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fundamental processes that govern BrC formation and its evolution in the atmosphere, and help 
determine the potential climate benefits of mitigating emissions of BrC in California. This study also 
presents a number of new questions related to the contribution of residential burning to wintertime 
air quality. For example, the role of fog in affecting aerosol composition and concentration needs 
to be better understood, as well as the implications of fog-related particle production for predicted 
changes in California climate.


Future Research: CARB will continue efforts to refine the BC emission inventory.


Mitigation Options


California is working to reduce GHG emissions across all sectors of the economy under the 
framework of AB 32, SB 32, SB 1383, and Executive Order B-55-18. Although CO2 emissions 
constitute the largest share of California’s GHG inventory, nitrous oxide and SLCPs are also 
significant contributors. New strategies to monitor and reduce emissions of SLCPs and nitrous oxide 
thus offer tremendous potential for climate benefits, and have therefore been a research priority for 
CARB. CARB’s GHG emissions measurement efforts help to identify sources, evaluate the emissions 
from these sources, identify new emission reduction strategies, and track progress in reducing 
emissions. CARB complements this research with studies to examine GHG mitigation strategies.


California’s goal of Carbon Neutrality by 2045 will require both reductions in GHG emissions and as 
carbon sequestration, such that there are net zero GHG emissions by mid-century. To achieve carbon 
neutrality by mid-century, we must minimize emissions from our fossil energy and industrial sources, 
and transition our natural and working lands from a source to a sink so that the net negative GHG 
emissions from NWL offset the remaining GHG emissions from other sources.


Mitigation Options: Carbon Dioxide


Background: California’s natural and working lands play a key role in carbon neutrality, and have the 
potential to become a valuable emissions sink despite currently being a source of GHG emissions. 
CARB’s Research Program will continue to measure and model the carbon sequestration potential of 
land management practices in natural and working lands (NWL). This work will support CARB’s NWL 
GHG inventory, Scoping Plan NWL strategies, and quantification methods for incentive programs. 
Work on the potential for sequestration strategies in NWL will continue to identify management 
practices, or combinations of practices, to maximize carbon sequestration with co-benefits for the 
economy and the environment. The Research Program will also prioritize research that assesses the 
viability of these strategies in future climates, and estimates how climate change may impact the 
long-term sequestration potential of these practices.


Current and Future Research: In 2018, the Board adopted a Carbon Capture and Sequestration 
Protocol for low carbon fuel standard projects that capture CO2 and sequester it in geologic 
formations. The Research Program will prioritize research to assess policy instruments and 
incentive programs to motivate investments in carbon-negative technologies, and will support 
the development of tools to assess the health, economic, equity, and environmental outcomes of 
strategies to achieve carbon neutrality.
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research highLight: soLving Dairy emissions WhiLe maintaining ProDuctivity


California’s climate change mitigation goals can’t be achieved without reducing GHG emissions 
from livestock, which account for more than 50% of statewide methane emissions -- the majority 
from cattle operations. Enteric fermentation in the animals’ digestion process and manure 
management are the primary sources of methane from cattle operations. Cutting methane 
emissions from these sources is crucial to achieving California’s climate goals. In recent years, 
CARB has funded several projects to study dairy methane emission sources. CARB’s research 
has improved enteric emission estimates by accounting for the California-specific animal ration, 
diet composition, animal breeds, and production stages and types. These projects have also 
characterized the emissions from California’s dairy facilities and manure management practices, 
while evaluating the feasibility of using feed and manure additives to reduce enteric and manure 
methane emissions. Drawing on the literature, statistical and life cycle analyses, researchers 
examined over 90 feed additives and 13 manure additives, and found only one that they deemed 
safe and effective - 3-nitrooxypropanol (3NOP). The study estimates that 3NOP could reduce 
enteric methane emissions by as much as 11.7%, or 2.5 MT CO2e annually if used statewide for 
dairy and beef. The manufacturers of 3NOP are currently pursuing FDA approval for the product. 
More research is required before any manure additives can be recommended for use. Ongoing 
research will integrate California-specific information into process-based models used to quantify 
the methane and air pollutant mitigation potential of feed additives and alternative manure 
management practices at California dairies and their impacts on climate and local and regional air 
quality. These research investments will yield comprehensive information needed to guide SLCP 
strategies targeting California’s largest source of methane emissions.


Figure 31: dairy and agriculture ecosystem in caliFornia
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Research Questions


• What land management practices can be used individually and in combination to advance 
carbon sequestration methods in geologic formations and natural working lands in California?


• Can ambient measurements and remote sensing be used to inform the exchange of CO2 
between the atmosphere and biosphere?


Mitigation Options: A Multipollutant Evaluation of Dairies


Background: California is already implementing methane reduction strategies in all anthropogenic 
source sectors, as required by SB 1383. SB 1383 requires CARB and CDFA to work with a broad 
range of stakeholders to identify and address technical, market, regulatory, and other challenges 
and barriers to the development of dairy methane emission reduction projects. In keeping with 
this requirement, CARB, CDFA, CEC, and the California Public Utilities Commission convened a 
Dairy and Livestock Working Group in May 2017. This Working Group established three subgroups 
that focused on policy recommendations in specific areas: fostering markets for digester projects, 
fostering markets for non-digester projects, and research needs – including enteric fermentation. 
The research subcommittee developed a comprehensive Dairy Air Research Prospectus. The 
Prospectus outlines various research concepts, and addresses the knowledge gaps for both enteric 
fermentation and manure management practices.


So far, CDFA has created two incentive programs for dairy operations to reduce GHG emissions from 
manure management practices. One program incentivizes the installation and the use of digester 
systems on dairy farms as a strategy to capture and use the methane gas as a source of energy. The 
other focuses on the implementation of alternative manure management practices to reduce the 
amount of anaerobic manure treatment and storage, resulting in methane emissions reductions.


Current Research: Beginning in 2018, CARB, in coordination with CDFA, initiated a series of 
research projects to study the influence of alternative manure management practices on GHG 
emissions and regional air quality. CARB supplements this effort by analyzing satellite remote 
sensing data and periodically deploying its ground-level mobile measurement platform to 
evaluate the methane emissions from hundreds of California dairies that employ conventional and 
alternative manure management practices as well as digester systems. CARB also initiated a study 
examining the economic and logistical feasibility of strategies to inhibit CH4 production from enteric 
fermentation and anaerobic manure storage lagoons at California dairy operations. The project 
evaluated a list of feed additives such as seaweed, nitrate, and 3NOP, and manure additives such 
as biochar and acidification agents (see the research highlight titled: Solving Dairy Emissions while 
Maintaining Productivity).


Future Research: Future research will reflect the priorities outlined in the Prospectus: addressing 
the knowledge gaps in dairy air research for both manure management practices and enteric 
fermentation. These include: assessing the localized air pollution issues associated with dairies near 
priority communities; developing a long-term air monitoring program to track the reduction of 
methane and other pollutants (e.g., NH3 and N2O) from California dairies; and improving the dairy 
emission inventory using California-specific data, among others. The Prospectus will help guide 
California’s funding agencies and prioritize future research projects.


Research Questions:


• How can we best address the knowledge gaps outlined in the Prospectus for dairies?


• What additional strategies can the state adopt to effectively and cost-efficiently reduce 
methane emissions from the dairy and livestock operations (from both enteric and manure)?


Identification and Mitigation of Methane Point Sources


Current and Future Research: CARB’s ongoing and future research effort will consider 
opportunities to gather more refined data on large emissions of methane – including those from oil 
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and gas facilities – as methane regulations take effect.


CARB will continue to support research to evaluate the opportunities and effectiveness of source-
specific methane reduction strategies. Such research will improve the understanding of source 
characteristics, identify unintended or accidental methane emissions, inform best management 
practices, and evaluate the source-specific trends of methane emissions as various mitigation 
strategies are implemented.


Research Question:


• Will emerging technologies such as remote sensing provide an opportunity for identification 
and quicker mitigation of large methane leaks from point sources?


Mitigation Options: Nitrous Oxide


CARB’s N2O research projects collected field flux data, calibrated the DNDC biogeochemical 
model, and used the model to quantify the mitigation potential of specific management practices. 
This research has been well coordinated with external stakeholders, CEC, and CDFA. Recent 
improvements to the model included expanding the range of California cropping systems 
represented and the refinement of model parameters related to manure management and irrigation 
methods. These have greatly enhanced its capacity to identify effective mitigation strategies. 
Modeled emission scenarios indicate that the use of nitrification inhibitors, cover cropping, and 
water-efficient irrigation consistently reduce N2O emissions.


CARB’s N2O research projects have informed the CDFA’s Healthy Soils Program, which built the 
DNDC results into its GHG estimating tool to estimate the benefits of on-ground mitigation 
efforts by growers across the state. Moving forward, CARB will investigate methods for improving 
understanding of the GHG emission impacts and ecosystem benefits of improving management 
practices of natural and working lands.


Research Question:


• How can the modeling of the GHG emission impacts and ecosystem benefits of management 
practices and interventions in the natural and working land sectors be improved?


Mitigation Options: F-Gases


Past and Current Research: Reducing emissions of F-gases is one of the most effective near-
term actions for reducing the impacts of climate change in California and the globe. CARB’s F-gas 
research has resulted in the successful development and implementation of multiple regulations 
and programs to reduce F-gas emissions. These programs have led directly to the adoption of 
national rules to reduce HFCs from commercial refrigeration, motor vehicle air conditioning systems, 
and other sources. Based on this research, CARB also adopted a protocol to provide incentives to 
recover and destroy F-gases (specifically, ozone-depleting substances) as part of the Cap-and-Trade 
Program. A new regulation to prohibit the use of certain HFCs with high global warming potential 
in stationary refrigeration equipment and foams was approved by the Board in March 2018. Prior to 
2018, California was the only state that regulated HFCs. Seventeen other states have now passed 
legislation based on California’s rules, or are in the process of doing so. In December 2020, the 
Board approved additional high-GWP HFC prohibitions in stationary refrigeration and – for the very 
first time – in stationary air conditioning equipment.


Future Research: Continued research on this topic will be necessary to guide and inform the HFC 
reduction measures required by SB 1383, which requires a 40 percent reduction in HFC emissions 
below 2013 baseline levels by 2030. Rules and regulations supporting these goals are expected to 
spur technology innovation. Changes and growth in the technologies that utilize refrigerants have 
already been observed, although this is still a burgeoning field. To reach carbon neutrality, continued 
innovation and industry research on technologies with very low or zero GWP will be key. In order to 
get all necessary approvals, refrigerant manufacturers will need to consider the full environmental 
fate and transport of alternatives and their by-products.
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An unexamined area relevant to F-gases is the use of alternatives to sulfuryl fluoride (SO2F2) in 
termite fumigation. This is a very high-GWP compound that is currently regulated as a pesticide and 
toxic air contaminant in California, but is not regulated as a greenhouse gas. Current understanding 
of promising alternatives is limited, and research is needed for the development of effective low-
GWP alternatives.


Continuing research related to F-gas mitigation is essential to guide future investments and ensure 
that SLCP mitigation strategies are successful and cost-effective. Ensuring rapid technology turnover 
may require additional research in behavioral economics, incentive strategies and communication 
methods.


Research Question:


• How can the adoption of low-GWP and reduced-GWP technologies be accelerated?


Mitigation Options: Black Carbon


California has made extraordinary progress in reducing PM and black carbon (BC) emissions, 
especially from on-road mobile sources. This record of success makes California an international 
leader in reducing harmful PM2.5 pollution, including BC and other constituents, to protect health, 
the environment, and climate. The strategies and technologies developed in California can also be 
applied to other regions to yield additional emission reductions. According to CARB’s research, if 
California’s efforts in reducing BC were replicated globally, global warming could be slowed down 
by about 15 percent in the coming decades. There would also be large benefits to human health. 
Globally, exposure to outdoor PM2.5 is estimated to result in between four million and nine million 
premature deaths per year.39


CARB will continue to develop mitigation strategies for mobile sources, as well as strategies to 
reduce biomass burning. Efforts to reduce specific sources of GHGs, such as BC, will have clear 
co-benefits for health since PM2.5 and diesel PM in particular, are associated with negative health 
outcomes. With the drive to zero-emission vehicles, 100% renewable energy as well as carbon 
neutrality, various co-benefits will also be achieved. While some interim options still have emissions, 
these will decrease overall as California moves forward with its climate goals.


39 Burnett et al., Global estimates of mortality associated with long-term exposure to outdoor fine particulate matter,  
 PNAS September 18, 2018 115 (38) 9592-9597; doi.org/10.1073/pnas.1803222115



https://doi.org/10.1073/pnas.1803222115
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Sustainable Communities Program Support
Sustainable communities are neighborhoods with safe, reliable, and affordable transportation 
choices, equitable and affordable housing options, and access to quality employment, education, 
and other services. CARB’s Sustainable Communities Research program supports the fostering 
of these communities statewide, the implementation of Senate Bill (SB) 37540 (the Sustainable 
Communities and Climate Protection Act of 2008), and the construction of new environmentally-
friendly and health-protective buildings.


CARB’s Sustainable Communities and Climate Protection Program encourages regional planning that 
integrates transportation and land use to reduce vehicle miles traveled (VMT) and thereby greenhouse 
gas (GHG) emissions from passenger vehicle use via its role in implementing SB 375. SB 375 requires 
that California’s metropolitan planning organizations (MPOs) develop sustainable community 
strategies (SCSs) containing land use, housing, and transportation strategies that, when implemented, 
meet per-capita passenger vehicle GHG emission reduction targets set by CARB. The goals of an SCS 
are: to align regional land use and transportation planning to focus housing and job growth in existing 
urbanized areas, giving people greater accessibility to job opportunities and transportation options; 
to expand transit and active transportation networks and infrastructure to reduce VMT and foster 
healthier and more equitable communities; and to conserve natural resources and farmland.


Community sustainability also relies on the sustainability of individual buildings that house and 
serve the community. CARB plays a role in influencing building construction standards and practices 
by collaborating with other state agencies on the development of the Green Building Standards 
(CalGreen) Code. This code establishes requirements to improve the environmental and health 
impacts of new residential and commercial construction in California.


Research themes that have emerged from the needs identified by CARB’s Sustainable Communities 
and Climate Protection Program and its CalGreen Code efforts include: investigating strategies 
that reduce VMT and GHG emissions from the built environment, evaluating the co-benefits and 
potential impacts of those strategies, including developing best practices to implement these 
strategies equitably, creating metrics to track the impact of strategies on equity, and tracking 
progress toward SB 375 goals. These projects have identified strategies to maximize the benefits of 
sustainable planning (including reduced air pollution, greater energy efficiency, and cost savings), 
and developed tools to monitor, evaluate and quantify these benefits. Results from these projects 
are designed to assist policy makers and local governments in their efforts to reduce GHG emissions 
while maximizing health and social equity, and to guide future policies.


Going forward, CARB will continue research to support the implementation of SB 375 while 
maximizing co-benefits across the state, especially in priority communities, and evaluating GHG 
reductions associated with VMT, land use, and buildings.


Tracking Progress and Co-Benefits


Background: CARB’s Research Program supports the implementation of the Sustainable 
Communities and Climate Protection Act of 2008 (SB 375) and thereby helps pave the way for 
California’s achievement of the 2050 climate goal. Senate Bill 15041 requires CARB to prepare a report 
to the Legislature starting in 2018, and every four years thereafter, to evaluate progress in meeting 
the goals of SB 375. Based on the first SB 150 report released in 2018, metro areas in the state are 
falling short of the VMT reduction goals stipulated by SB 375. Although transportation planning 
efforts across the state have identified strategies intended to reduce VMT, real-world implementation 
of these strategies is not yielding the anticipated reductions. This further suggests that health and air 
quality goals, and their benefits, are not being fully realized, particularly in priority communities.


Current Research: The findings from the SB 150 report described above are echoed by the findings 


40 Steinberg, Chapter 728, Statutes of 2008
41 Allen, Chapter 646, Statutes of 2017
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of a separate research project. CARB has funded research, in collaboration with Caltrans, to lay the 
foundation for a future statewide monitoring system that will evaluate whether changes in the built 
environment are consistent with SB 375 goals. Results from a study in LA County suggest that while 
new housing is not sprawling into the suburbs, there is room for improvement to better align with SB 
375 goals. Future research will continue to evaluate whether “on the ground” changes, planned land 
use, and transportation investments align with regional SCSs and state climate goals.


CARB continues to conduct research that evaluates the potential co-benefits of SB 375 
implementation and assesses whether communities are benefiting equitably from the transition 
toward greater sustainability. Past case studies indicate that re-zoning for higher-density 
development, reducing parking requirements, and requiring pedestrian-friendly design, if 
implemented in combination, can result in up to $1 million in benefits to cities and over $100 million in 
benefits to the region. Another recent study showed that “complete streets” – designed for walking, 
biking, and transit, as well as cars – are sometimes associated with lower vehicle traffic volumes, less 
exposure to traffic pollution, and more use by pedestrians and cyclists, but complete streets are 
much more successful in downtown business districts than in other types of neighborhoods.


research highLight: neW housing is buiLt in Less sustainabLe neighborhooDs


Under SB 375, CARB sets regional targets for reducing miles traveled and greenhouse gases 
emitted by light-duty vehicles, and metropolitan planning organizations (MPOs) include Sustainable 
Community Strategies (SCS) in their regional transportation plans. Each SCS contains integrated land 
use, housing, and transportation strategies that, if implemented, would allow the region to meet the 
CARB-set target. CARB reviews each adopted SCS to evaluate the MPO’s determination that the 
strategy will meet the target and – as of 2017 – must also report to California legislators every four 
years on the progress of SB 375 implementation. Without a way to directly measure how many miles 
passenger cars drive, CARB needed a system of data-supported metrics to assess how effective 
transportation, housing, and land use strategies have been in meeting SB375 goals.


To address this need for SB 375-related data, metrics, and indicators, CARB joined with Caltrans 
to sponsor research at the University of California at Los Angeles (UCLA) to develop a data-driven 
Statewide Monitoring System to measure on-the-ground changes at the community scale to shed 
light on SCS implementation and progress toward SB 375 goals. The research team used an array of 
indicators to gauge real-world changes in regional land use between 2010 and 2014. The indicators 
show whether:


• New housing was more concentrated in higher-density neighborhoods.
• New housing was more concentrated in neighborhoods with greater access to job opportunities.
• New affordable housing was more concentrated in neighborhoods with more job  
 opportunities for low-income residents (jobs-housing fit).
• New housing and new jobs were more concentrated in neighborhoods better served by high- 
 quality public transit.
• New jobs were concentrated in areas where workers would travel fewer miles to reach  
 their workplaces.


Relative to baseline 2010 values, researchers found that real-world land use changes from 2010 
to 2014 had moved California further away from achieving four of these proxy indicators for VMT 
reductions (Table 4). The exception was jobs-housing fit, which was unchanged. On the strength of 
these findings, CARB determined that California’s lack of progress put at risk important public health, 
equity, economic, mobility and housing benefits expected from SB 375. These results will help shape 
recommendations for future incentive and equity policies and provide useful information to regional 
and local government agencies.
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Over the past several decades, discriminatory practices such as redlining42 that placed public 
services and funding sources out of reach for residents of certain areas based on race or ethnicity 
have been outlawed. Current policies are still not providing sufficient investments to adequately 
develop clean, healthy, and resilient communities, or reverse the impacts of historical and sustained 
racial, economic, and pollution burdens experienced in some of California’s historically disinvested 
priority communities. This has resulted in priority communities having inadequate access to 
transportation infrastructure, mobility options, economic upward mobility, and housing, among 
other social determinants of health. As California identifies areas for new, affordable, transportation 
efficient housing developments, reciprocal effort needs to go towards identifying investments for 
priority communities to avoid exacerbating existing inequities. Research illustrates the challenges 
of ensuring that transit-oriented developments remain equally accessible to priority communities. 
Displacement is occurring in many neighborhoods near rail stations in California’s major metropolitan 
areas, especially older neighborhoods near downtowns. CARB research has developed tools to help 
communities identify neighborhoods at risk of gentrification and displacement, and has identified 


42 Pollution and Prejudice (arcgis.com)


taBle 4: short-term eFFects oF various policy interventions on vmt


Baseline New Housing Units
Changes in Subsidized 
Affordable Housing1 


Net Change in Jobs


Occupied 
Housing Unit 
Density


Compared to the baseline, new housing 
units are relatively less concentrated 
in the higher-density tracts, which is 
inconsistent with SB 375 goals


- -


Jobs-Housing 
Fit


-


The distribution of new/
changes in subsidized 
affordable housing is 
similar to the baseline, 
thus reproducing the 
preexisting imbalance 
of low-earning jobs and 
affordable housing


-


Access to 
Jobs from 
Residential 
Location


New housing units are relatively less 
concentrated in high job access tracts, 
which is inconsistent with SB 375 goals


- -


Access to High 
Quality Transit 
Locations 
(HQTLs)


New housing units are relatively less 
concentrated in HQTL areas, which is 
inconsistent with SB


-


Net increases jobs 
are relatively less 
concentrated in 
HQTL areas, which 
are inconsistent with 
SB 375 goals


Average 
(Mean) Person 
Miles Traveled 
(PMT) at Job 
Site 


- -


Net increases 
jobs are less 
concentrated in 
job sites with lower 
average PMT, which 
is inconsistent with 
SB 375 goals


1 Low-income housing tax credits and housing choice vouchers



https://storymaps.arcgis.com/stories/f167b251809c43778a2f9f040f43d2f5
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policies that local governments can adopt to help prevent displacement. CARB currently funds a 
white paper that examines the effectiveness of different anti-displacement strategies and policies 
and outlines a research agenda for the future. This effort provides both local governments and the 
state with more information on policies and strategies that prevent or mitigate displacement.


A recent study set out to assess both the VMT implications and co-benefits of affordable transit-
oriented housing developments. Results showed a significant association between affordable transit-
oriented developments (TOD) and vehicle trip frequency, but not VMT. Focus groups with residents 
highlighted the many benefits of living in affordable TODs, especially those in highly accessible areas 
and in close proximity to many services and opportunities. Another current study focused on housing 
is assessing the legal, planning practice, and political barriers to advancing equitable infill development 
in California by providing insights into real-world greenfield development policy and by examining the 
impact of specific laws on both infill and greenfield residential development entitlement.


Ongoing research is also developing tools that will help public agencies identify, analyze, and 
visualize transportation access across the state in an effort to better understand current clean 
transportation access disparities and pinpoint areas that would most benefit from new policies, 
strategies, or investments.


CARB research has also focused on the potential health impacts from exposure to pollutants during 
active travel, including updating the Integrated Transport and Health Impact Model (ITHIM) in a tool 
called the Healthy Mobility Options Tool. The updated model is available online now to help policy 
makers and planners calculate the health impacts of reductions in vehicle miles travelled through 
modeling the expected increase in physical activity and related health benefits.


Future Research: Future research will continue to assess and quantify the co-benefits of SB 375 
implementation, and evaluate whether priority communities are benefiting equitably.


Research Questions:


• What are the comprehensive impacts of sustainable communities policies, programs, and 
strategies, and what are the opportunities to increase the benefits, especially in priority 
communities?


• Are there best practices that can serve as models to assist different regions and community 
contexts to boost VMT reduction and public health benefits while avoiding displacement?


Evaluating Reductions in GHGs from VMT, Land Use and Buildings


Background and Current Research: Sustainable communities can yield GHG reductions as a result 
of declining VMT, but also from more sustainable land use patterns and from buildings themselves. 
CARB funded a series of white papers on the VMT impacts associated with various transportation 
and land use strategies (Table 5), and has funded other studies to verify VMT benefits in the real-
world. One study analyzed travel survey data to quantify how much Californians will change the 
amount that they drive in response to changes in land use and transport system variables. The 
results of this research are embedded in the VMT Impact Spreadsheet Tool, which allows users to 
easily see the implications of this work for any census tract, city, or region in California.


Another study examining the VMT impacts of transportation investments in California is focusing 
on the VMT implications of adding “managed” lanes (such as high-occupancy and high-occupancy 
toll lanes). There is a large body of research showing that adding freeway lane capacity can lead to 
increases in VMT—a phenomenon called “induced demand.” Little is known, however, about the 
potential induced-demand impacts of non-general purpose lanes.


COVID-related changes have led to wider adoption of telework in some industries, significantly 
reducing commute VMT for people working in those industries. This has forced CARB and its 
researchers to remain responsive to shifting mode choices and transportation patterns while trying 
to achieve state goals to reduce emissions. A timely question is: what policy levers could be used to 
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encourage telework to become a more permanent solution for reducing VMT? A project initiated in 
2019-2020 is conducting surveys and focus groups to identify barriers to adopting high occupancy 
transportation, active transportation, and mass transit, with an emphasis on preferences based on 
socioeconomic status and sociodemographic characteristics. Since the project began prior to the 
pandemic, project priorities have shifted slightly to capture these new transportation patterns. 
Preference questions regarding telework will be included in the survey study as a result. Results from 
the survey instrument will be input into a land use and activity model to test different policy levers to 
determine which policy interventions significantly impact VMT.


Sustainable land use encompasses a variety of built-environment strategies that reduce GHGs and 
improve air quality. CARB has funded research exploring the climate and air quality implications 
of cool roofs and cool pavements, confirming that these strategies can reduce urban heat islands 
and reduce the need for energy to cool buildings in some climate zones. An ongoing study is 
investigating the potential to zero out GHG emissions from energy, transportation, waste, and 
water and is leveraging an existing zero net energy community project in an environmental justice 
community. The investigators will leverage the City of Richmond Advanced Energy Community 
Project (Richmond AEC Project) that has been awarded $2.6M from the California Energy 
Commission EPIC challenge for environmental justice communities. The results of this study will be 
useful in the development of a GHG baseline to quantify additional non-energy GHG reductions 
from California ZNE communities that are needed to achieve the 2050 target.


Buildings also play a key role in creating more sustainable communities. Past CARB-funded 
research shows that certified green office buildings have significantly lower GHG emissions than 
their conventional counterparts, and other studies have highlighted large potential to reduce 
building energy use. Accounting for emission reductions associated with zero carbon buildings 
(encompassing waste, water and transportation, in addition to energy savings) will be essential as we 
continue to pursue an integrated approach to reduce the GHG impact of new and existing buildings 
while improving indoor air quality. An ongoing research project is evaluating the technical feasibility 
of achieving zero or near-zero carbon for both residential and commercial buildings, focused on 
transportation, water, and waste strategies that can be implemented at the building level by owners, 
property managers, and occupants. The results of this study will be used to assess the practicality 
and appropriate timeframe for a zero or near-zero carbon building state policy or program, and to 
help keep California on track to reach its mid-term and long-term climate goals. Future research 
will shed light on the GHG, criteria pollutant, and toxic air contaminant co-benefits of retrofitting, 
operating, and maintaining existing homes as certified green homes.


Future Research: The results from the current projects described above will help CARB refine its 
reviews of SCSs and help other state agencies and MPOs to refine their transportation demand 
and land use planning models to ensure that they align with real-world success in meeting VMT 
reduction goals. As more methods are implemented and their benefits quantified, CARB will compile 
this information and make it available to MPOs to help them fulfill and succeed in their use of SCSs 
outlined in the Regional Transportation Plans.
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taBle 5: vmt impacts associated with various transportation and land use strategies


Type of Policy or Strategy Strategy and Effect


Land use: e.g., residential density, land use 
mix, street connectivity, etc.


For a 10% increase or improvement, up to 4% reduction  
in VMT.


Infrastructure and Services: e.g., distance 
to transit, quality of transit service, bike/
pedestrian infrastructure.


For a 10% increase or improvement, up to 60% reduction  
in VMT.


Operations: e.g., eco-driving, transportation 
system management, traffic incident clearance.


Where implemented, can result in an 8% reduction in fuel 
consumption/GHG emissions.


Demand Management: e.g., telecommuting, 
employer-based trip reduction programs.


Each individual program participant can reduce VMT  
up to 90%.


Pricing: e.g., gas price or parking price 
increase, road user pricing.


For a 10% increase in pricing, up to 30% reduction in VMT.


Research Question:


• What is the potential of built environment changes to reduce VMT and GHGs, and to improve 
air quality and reduce air pollution exposure?


Reducing VMT is one of the major targets for reducing GHGs across the state and achieving climate 
change goals. Strategies and policy levers need to be identified that serve state goals in reducing 
VMT and GHG emissions. CARB research has illustrated that more compact housing development 
results in energy savings, and that local governments can facilitate VMT reductions through a 
variety of land use and transportation decisions (including land conservation, zoning for higher 
density and mixed-use development, increasing transit service frequency, and requiring pedestrian-
friendly design) many of which have been shown to result in financial savings as well. Future work will 
continue to support studies that identify strategies to reduce VMT at various levels, including pilot 
studies and policy implementation.


Research Question:


• What are the most effective strategies to reduce VMT at various levels (policy- through 
project-level)—including land conservation, housing and infill development, and 
transportation strategies—and how can the state support these strategies?


Future research will continue to investigate the potential of built environment changes to reduce 
VMT and GHGs, and to improve air quality and reduce air pollution exposure.


New research should also evaluate the net emission reduction potential of building-level strategies 
(e.g., cool roofs, solar photovoltaic, EV charging, and energy storage), and consider the life-cycle 
performance of energy efficiency technologies (e.g., low-GWP refrigeration equipment).


Research Question:


• In addition to converting building appliances to zero-emission electricity sources, what 
additional strategies can reduce the emissions generated by the existing building stock? 
(including advanced energy efficiency technologies such as low-GWP appliances, and 
combinations of strategies such as renewables, energy storage, and electric vehicle charging, 
etc.), and what are the associated GHG and air quality co-benefits?


As transportation patterns have changed due to COVID, a major unknown identified is whether 
permanent changes will impact land use. For example, will workers able to access telework also 
choose to move farther from city centers? How will this impact land use, and will it negatively impact 
housing and transportation options for essential workers unable to telework? Priority communities 
tend to be unable to telework and thus are subject to more inequitable outcomes as land use 
patterns shift. These consequences of the pandemic must be closely monitored and studied to 
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ensure SB 375 goals are met in the future. Additional research will be needed to identify innovative 
strategies combining land use changes, behavioral changes, and policy levers to reduce VMT and 
decrease emissions while ensuring benefits are distributed equitably.


Research Question:


• What strategies or policy levers could be used to encourage present changes in commute 
behaviors to become a more permanent solution for reducing VMT? How can these changes 
be implemented to address potential land use and equity priorities?
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Next Steps


Each fiscal year, CARB staff will present research projects that fulfill the stated research initiatives 
in the Triennial Plan. The proposed projects for each fiscal year guided by this plan are listed in 
the appendices below. Following Board approval of the research projects presented every fiscal 
year, CARB staff will proceed to work with researchers to develop these projects into complete 
proposals. These will be reviewed by CARB’s Research Screening Committee, and then brought to 
CARB’s Executive Officer for final funding approval. Results, including data, analysis, lessons learned, 
policy and equity implications, and final reports, are anticipated three to five years after a project 
commences.
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Abbreviations and Glossary of Terms


Common Abbreviations


Acronym Definition Extended Definition Reference


AQI Air Quality Index - -


BEB Battery Electric Bus - -


COVID-19
Coronavirus Disease (2019), 
also known as SARS-CoV-2


Severe Acute Respiratory Syndrome, Coronavirus 
Disease (2019)


-


DPM Diesel Particulate Matter - -


EJ Environmental Justice - -


FY Funding Year - -


GHG Greenhouse Gas(es) - -


GPS Global Positioning Satellite - -


HFC Hydrofluorocarbons - -


IAQ Indoor Air Quality - -


MERV
Minimum Efficiency 
Reporting Value


Minimum Efficiency Reporting Values, or MERVs, 
report a filter’s ability to capture larger particles 
between 0.3 and 10 microns (µm).


U.S. EPA


MPO
Metropolitan Planning 
Organization


- -


NAAQS
National Ambient Air 
Quality Standards


- -


NOX Oxides of Nitrogen - -


NWL Natural and Working Lands - -


O3 Ozone - -


PHEV
Plug-in Hybrid Electric 
Vehicle


- -


PM2.5


Fine inhalable particulate 
matter


Particles with diameters that are generally 2.5 
micrometers and smaller.


U.S. EPA


PM10 Inhalable particulate matter
Particles with diameters that are generally 10 
micrometers and smaller.


-


RSC
Research Screening 
Committee


- -


SCS
Sustainable Community 
Strategies


- -


SLCP
Short-lived climate 
pollutants


- -


TNC
Transportation Network 
Company


An organization whether a coporation, partnership, 
sole propriertor, or other form, operating in California 
that provides prearranged transportation services for 
compensation using an online-enabled application 
(app) or platform to connect passengers with drivers 
using their personal devices


CPUC 
Decision 
13-09-045


UC/CSU
University of California/
California State University


- -



https://www.epa.gov/indoor-air-quality-iaq/what-merv-rating-1

https://www.epa.gov/pm-pollution/particulate-matter-pm-basics

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M077/K192/77192335.PDF

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M077/K192/77192335.PDF

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M077/K192/77192335.PDF
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Acronym Definition Extended Definition Reference


UFPM
Ultra-fine particulate 
matter


Particles less than 0.1 micrometers or 100 nanometers 
in diameter


U.S. EPA


VCP Volatile chemical products - -


VMT Vehicle Miles Travelled - -


VOC Volatile organic compounds - -


WUI Wildland-Urban Interface - -


ZEV Zero-Emission Vehicle - -


Government Agency Acronyms


Acronym Definition


ARPA-E The Advanced Research Projects Agency-Energy


CalEPA California Environmental Protection Agency


CalGEM California Geologic Energy Management Division


CalRecycle California Department of Resources Recycling and Recovery


Caltech California Institute of Technology


Caltrans California Department of Transportation


CDFA California Department of Food and Agriculture


CEC California Energy Commission


CPUC California Public Utilities Commission


JPL Jet Propulsion Laboratory


LBNL Lawrence Berkeley National Laboratory


LLNL Lawrence Livermore National Laboratory


NASA National Aeronautics and Space Administration


NIST National Institute of Standards and Technology


NOAA National Oceanic and Atmospheric Administration


OPR California Office of Planning and Research


U.S. EPA United States Environmental Protection Agency



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi8wput5bDuAhVC2qwKHZwmC8wQFjACegQIAxAC&url=https%3A%2F%2Fcfpub.epa.gov%2Fsi%2Fsi_public_file_download.cfm%3Fp_download_id%3D507799%26Lab%3DNERL&usg=AOvVaw01fw7yZDoqaNrf8ZhZ2hcF
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Appendix A –Proposed Research Projects


Fiscal Year 2021-2022
The projects proposed for Fiscal Year 2021-22 are designed to support attainment of upcoming 
air quality and greenhouse gas targets, track implementation of existing programs, ensure the 
benefits of longer-term strategies and will advance the state of the science in the areas of health 
and exposure, environmental justice, air quality and climate. Some of these studies are long-term, 
and build on unique data sets, while others address specific implementation or knowledge gaps. 
Together, they will provide essential data and tools to support actions to meet California’s air quality 
and climate goals and protect public health, the economy, and priority populations. A research 
budget of approximately $4.2 million is anticipated to fund 11 new projects in fiscal year 2021-2022.


taBle 6: summary taBle oF proposed projects For Fy21-22


Health Projects Cost


P1: Expanding Health Analysis - Identify additional health endpoints (brain, cancer, respiratory, etc.) 
needed for our analysis and benefit quantification. Consider additional exposure routes, such as fires, 
additional burdens due to proximity to both mobile and stationary sources in priority communities


$1M


P2: Short-Term Exposure - Update science to better inform public on the impacts and mitigation of 
short-term exposure including wildfire smoke events and remediation


$500K


P3: Tracking Health Impacts - Investigate baseline health indicators in highly impacted communities 
including asthma incidence; investigate health metrics to track health progress


$500K


P4: Framework for Imperial Valley Research (White Paper) $50K


P5: Framework for Time-Activity Data Collection (White paper) $25K


Air Quality and Mobile Sources Projects Cost


P6: Sensor Technology Demonstration for durability, measurement accuracy at low NOX 
concentration, operability at low temperature, and light-off time from cold starts. Include economic 
impact of implementation


$750K


P7: PM2.5 Satellite Data Dashboard - Estimating ambient concentrations of PM2.5 composition using 
satellite remote sensing to refine mitigation strategies; develop a tool to process satellite data.


$300K


P8: PM2.5 Sources and Formation Regimes - Understanding the sources and formation regimes of 
present-day PM2.5 to mitigate particulate pollution in California; develop a detailed understanding 
of VOC and SOA, and the roles they played in the recent O3 and PM2.5 trends. Understanding the 
influences of non-mobile sources.


$500K


Sustainable Communities and Transportation Projects Cost


P9: Address Past Inequity - Define and identify marginalized communities that have the potential 
to become location-efficient and high-opportunity areas, and identify what policies and place-based 
investments could assist in fostering more equitable and sustainable outcomes in those communities.


$300K


P10: Align Investments with Climate and Equity Goals - What is the potential to better align 
planned transportation investments in SCSs with climate, VMT reduction, and equity goals?


$200K


P11: Pathways to Improve Freight Efficiency - focus on the disruption due to pandemic and long-
term system changes, leverage results from recent studies, provide input on how to achieve deep 
CO2 reductions 


$25K


TOTAL $4.2M
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Project Descriptions


Project 1: Expanding Health Analysis


CARB has launched an expanded health analysis project in response to Board resolution 17-46 to 
evaluate a broader range of health impacts than those routinely analyzed and monetized in the 
regulatory review process. Currently, CARB analyzes three specific health endpoints for PM2.5. 
However, emerging research findings provide evidence for additional air pollution-related health 
outcomes beyond what CARB currently quantifies. As part of our expanded health analysis project, 
the objective of this project is to provide a broader scientific basis for evaluation and quantification, 
where possible, of California-relevant associations between air pollutants (e.g. criteria pollutants, 
air toxics, and greenhouse gases) and additional health outcomes. Priority areas of interest include 
but are not limited to: nervous system effects (e.g. neurodegenerative disease, such as dementia, 
Alzheimer’s disease, and Parkinson’s disease, or learning impairments in children and young adults), 
and adverse birth outcomes (e.g. preterm birth, low birth weight, and decreased fetal growth). 
Additionally, results should help us better understand air pollution’s impacts on priority communities: 
how health impacts may be amplified due to proximity to pollution sources, and how socioeconomic 
and environmental factors increase community vulnerability. The project will identify concentration-
response functions between air pollutants and a variety of health endpoints, monetized values 
(actual financial costs and/or valuations, such as willingness to pay) for those health impacts, and 
associated uncertainties or provide other ways to measure impacts and benefits of air pollution 
control efforts on health outcomes. The results of this project will allow for expanded evaluation and 
quantification of public health impacts and their associated economic values, as well as identification 
of potential qualitative outcomes. This will in turn promote better understanding of the full scope 
of health and welfare protections arising from air pollution reductions brought about by California’s 
programs and policies. Researchers should understand the equity implications of the research 
and data limitations due to potential for structural data collection or study bias. We encourage 
multidisciplinary teams and multi-university teams to apply.


Project 2: Updating the Science to Better Inform the Public on the Impacts and 
Mitigation of Short-Term Exposure Including Wildfire Smoke Events


Extreme fires are a growing threat to public health and safety in California with longer seasons and 
higher exposures. Smoke from extreme fires can emit large amounts of air pollutants in a short 
time and travel long distances to affect the health of Californians. In the 2020 fire season, vast areas 
of the state experienced unhealthful air for days or weeks at a time. Our current knowledge of 
wildfire smoke health effects is based largely on two different streams of research: 1) PM2.5 effects 
determined from epidemiological research on the short- and long-term health effects of chronic 
PM2.5 exposure and 2) recent studies that found increased respiratory and cardiac symptoms in 
people living near wildfire events. However, there has been insufficient attention to studying the 
effects of repeated exposures to short but intense levels of wildfire smoke as California residents 
experienced in the 2020 fire season. Therefore, the objective of this project is to estimate the 
sub-chronic effects (e.g., respiratory and cardiovascular diseases) of short-term exposures (e.g., 
hourly or daily variations, smoke wave43) over days to weeks to wildfire-specific air pollution and to 
use this information to help educate communities and mitigate health risks in extreme events like 
wildfires. While there are recent studies of health effects linked to individual wildfire events, this 
study is envisioned to be a larger-scale (statewide) and multi-year study that will evaluate respiratory 
and cardiac symptoms across different events and different durations of smoke exposure in the 
sub-chronic category. State-of-the-art techniques (e.g., GEOS-Chem) should be applied to model 
wildfire-specific air pollution concentrations with fine spatial-temporal resolution. The expected 
43 Smoke wave was defined as a period (e.g., two consecutive days) with high air pollution concentrations due to an episodic  
 extreme fire event by Liu JC, Wilson A, Mickley LJ, et al. in “Wildfire-specific Fine Particulate Matter and Risk of Hospital  
 Admissions in Urban and Rural Counties.” Epidemiology. 2017;28(1):77-85. doi:10.1097/EDE.0000000000000556
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health outcomes include (but are not limited to) asthma exacerbations, hospitalizations and 
emergency department visits for respiratory and cardiovascular diseases, although other health 
effects such as total hospitalizations and emergency department visits and adverse birth outcomes 
are possible. The study should specifically include impacts in priority communities and populations 
(e.g., children, elderly populations, pregnant women, different racial and ethnic groups and those 
living in poverty). It is preferable for the study to consider both urban and rural locations, and to also 
include tribal communities. Updated estimates of health effects of sub-chronic exposure to wildfires 
will better inform CARB’s analysis of the health burdens from extreme events like wildfires which 
negatively impact public health and degrade quality of life in California.


Project 3: Improved Assessment and Tracking of Health Impacts for California 
Communities Most Burdened by Pollution


To fulfill the mission of California Assembly Bill (AB) 617 and continue leadership on public health 
improvements in the communities that also experience disproportionate pollution exposures, it 
is critical that CARB develop ways to assess, measure, track, and communicate the multifaceted 
health benefits that derive from an expanding list of air pollution control measures. CARB 
regularly estimates the expected statewide health benefits that can result from implementation 
of proposed air pollution rules and regulations -- and is now looking to develop a methodological 
framework for assessing and tracking the actual health impacts from air pollution reductions in AB 
617 communities, as a way of monitoring progress toward health and equity goals for all priority 
communities. The first phase of this project will be to compile and/or develop health metrics or 
indicators, ideally in collaboration with community partners and for as many AB 617 communities 
as possible. The second project phase will be to determine which metrics or indicators are most 
effective at meaningfully reflecting real-world health progress over time in these communities. 
Especially informative community health indicators will be those that meet several criteria, 
including: sensitivity to health improvements from reductions in air pollution emissions/exposures, 
insightfulness regarding unique health impacts within AB 617 communities, timeliness for short-term 
tracking, and neighborhood-level geographic scale. Potential health metrics may include: prevalence 
of asthma symptoms or attacks, asthma medication use, hospitalizations or emergency room visits 
for respiratory or cardiac conditions or other metrics. In the project’s final phase, researchers will 
bring together the datasets best indicative of overall community health and develop a summary 
health dashboard. This dashboard will be visually communicative, for semi-annual tracking of 
changes in community health conditions linked to air pollution control strategies, for most of the 
individual AB 617 neighborhoods. In summary, the project will provide a new, scientifically robust, 
and user-friendly mechanism for CARB, local air districts, communities, and other stakeholders 
to observe and assess – and also to better communicate – the health-based effectiveness of 
CARB’s work. Such improved tracking of health impacts within California’s most pollution-exposed 
communities will support CARB’s Community Air Protection Program Blueprint. Because priority 
communities are more impacted by pollution and socioeconomic inequities, this project will 
additionally contribute to CARB’s work toward mitigating health disparities for AB 617 communities.


Project 4: Partnering on a Collaborative Community-Focused Research Path  
in the Imperial Valley


Communities in California’s Imperial Valley are subject to numerous environmental concerns due to 
the variety of air pollutant sources that exist in and around the region (e.g., dust from the Salton Sea, 
agricultural activities, traffic at the California-Mexico border, unpaved roads, industrial operations, and 
biomass and waste burning). The heterogeneity of the air pollutant sources and their varying influences 
on local and regional air quality highlight the challenges in developing a comprehensive air pollution 
reduction strategy for the Imperial Valley that is effective at improving health outcomes equitably.


Many Imperial County communities have been designated by CalEPA as being “disadvantaged” 
under SB 535, scoring among the 25% highest scoring census tracts in California in terms of the 
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high amount of pollution people are exposed to. People living in Imperial Valley understand the 
history, impacts, current efforts, community needs and concerns, and have unique perspectives and 
ideas for meeting those needs. The objective of this research is to create a community-based and 
participatory project establishing research priorities and designs to address air pollution impacts 
and solutions in the Imperial County region. Partnering with communities in the Imperial Valley, 
including both community members and community organizations, will lead to developing a research 
path that is reflective of those voices and brings on-the-ground knowledge. CARB will also fund a 
review of research in the area to serve as a resource for the discussions. The review will consolidate 
region-specific information on air pollutant sources, atmospheric processes, air quality monitoring 
data, and air pollution exposure studies and include information from the most recent peer-reviewed 
publications, ongoing CARB outreach efforts to foster collaboration between communities and area 
researchers, community-led air monitoring data, and satellite remote sensing. This review will also 
incorporate the experience and perspectives of local residents.


The final product of this project will be a focused research plan with strategies to optimize the use 
of available resources and fast-track actions that will improve public health and the environment. 
The project will develop a comprehensive, well justified, and transparent document that describes 
the findings and summarizes recommendations for both short- and long-term air pollution reduction 
strategies that encompasses all communities in the Imperial Valley. The project will inform CARB of 
potential gaps in data and research needed to refine such recommendations.


Project 5: Summary and Update of Time Activity Pattern Data to Improve the 
Understanding of the Exposure to Air Pollution


Time activity patterns (TAPs) are important for estimating exposure to outdoor and indoor air 
pollutants emitted from a wide range of sources such as vehicle exhaust, cooking, cleaning solvents, 
and sources near other activities in Californians’ everyday life. However, TAPs used by health and 
exposure efforts are outdated, typically lack key components including priority communities, social 
economic status (SES), or environmental justice (EJ), and are often too general, resulting in a bias or 
misclassification in the estimation of exposure in the population being studied. There is an urgent 
need to develop an up-to-date and more comprehensive set of TAP data for researchers to refine 
exposure assessment in health and exposure studies. The objective of this project is to create 
1) a white paper that summarizes a one-stop-shop for time activity methods, models, and uses, 
including how these techniques can help regulations, improve exposure estimates by including 
the activity pattern data in health and exposure studies and 2) a framework for a follow-on study 
to update TAP data to modern life activities throughout the diverse regions and socio economic 
strata in California using a combination of modern data information including big data, low cost 
sensors, modeling, and traditional personal monitoring with a multi-regional and multi-community 
emphasis. The results of the two-fold effort will first yield a compendium of knowledge about how 
activities effect exposure to sources, both indoor and outdoor, that determine the real exposure 
to air pollution among Californians. This information will be used to refine exposure estimate 
benefits from regulations and avoid exposure misclassification in published results from population 
studies. Secondly this work will create a framework for a follow-on effort to develop an updated 
modern, multi-racial, multi-regional activity pattern data set which will improve the efficacy of future 
regulations, health, and exposure studies.


Project 6: Demonstration of Sensor Technologies for On-Road and Off-Road Heavy-
Duty Diesel Vehicles


On-road and off-road heavy-duty (HD) diesel vehicles are major sources of NOX and CO2 emissions. 
A suite of regulatory programs have been developed and are in development to help the state 
achieve air quality improvement and greenhouse gas (GHG) reduction goals by reducing NOX 
and CO2 emissions, respectively, from HD diesel vehicles. Accurate, stable, and durable on-board 
sensors are necessary for implementing the programs effectively. The objective of this research 
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is to demonstrate the feasibility of using state-of-the-art NOX and on-board sensor technology 
to assist in the successful implementation of on-road HD on-board diagnostic (OBD), inspection 
and maintenance and in-use compliance programs, and developing off-road low NOX and OBD 
programs. HD diesel vehicles will be equipped with the latest technology sensors for laboratory 
and in-use vehicle testing to ascertain their accuracy, stability, durability, and operation limitations, 
and explore if higher aftertreatment efficacy rates can be achieved with better sensors. The results 
will be used to enhance HDV NOX and CO2 emission reduction programs and ensure the programs 
achieve the state’s air quality improvement and GHG reduction goals.


Project 7: Estimating Ambient Concentrations of PM2.5 Composition Using Satellite 
Remote Sensing to Refine Mitigation Strategies


Ambient fine particulate matter (PM2.5) concentrations often exceed the National Ambient Air 
Quality Standards (NAAQS) in many parts of California. CARB conducts regional air quality 
modeling to understand the spatial and temporal variabilities of PM2.5 composition in the 
regulatory decision-making process. The model outputs are evaluated using limited ground-level 
air quality monitoring data that primarily describes the air quality over populated urban centers. 
Recent advancement in satellite remote sensing technology and data processing algorithms 
have demonstrated their ability in describing surface-level air quality at the relatively high spatial 
resolution, providing opportunities for the regional air quality models to be evaluated using an 
independent dataset. Taking advantage of such data resources is valuable for building additional 
confidence in the spatial and temporal representativeness of the regional air quality models where 
ground-level air quality monitoring data is lacking.


The objectives of this project are to (1) quantify California’s local and regional PM2.5 composition 
(e.g. nitrate, sulfate, organic carbon, elemental carbon, and dust) using satellite remote sensing 
data collected over the last two decades, (2) track the long-term progress of PM2.5 reductions in 
regions underrepresented by ground-level air quality monitors and evaluate the spatial disparities 
in these regions, and (3) recommend pathways that refine existing PM2.5 mitigation strategies with 
considerations for social equity. The project will estimate daily ambient concentrations of each PM2.5 
composition using satellite remote sensing data from Multi-angle Imaging SpectroRadiometer (MISR) 
operated by NASA Jet Propulsion Laboratory (JPL). Furthermore, the project will incorporate the 
regional air quality modeling to impute ambient concentrations that are missing due to unavailable 
satellite data on cloudy days. The project will deliver both finalized satellite data products (i.e., 
PM2.5 composition) and a tool that can be used by CARB staff to further process the MISR data. The 
project will also process the data just beyond California’s borders to understand the influence of 
interregional air pollution transport and its influences on California’s local and regional air quality.


Project 8: Understanding the Sources and Formation Regimes of Present-Day PM2.5 
to Mitigate Particulate Pollution in California


Ambient fine particulate matter (PM2.5) levels continue to exceed the 24-hour National Ambient Air 
Quality Standards (NAAQS) in many regions across California despite the decades of multifaceted 
air pollution management strategies. Achieving concurrent reduction of PM2.5 along with other 
criteria pollutants such as ozone (O3) require coordinated understanding of various emission 
control measures and their influences on atmospheric chemical composition. Recent plateauing 
of average ambient PM2.5 and O3 levels pose additional challenges for California’s air quality 
improvement pathways that has been developed to reduce the design values. The objective of this 
study is to consider strategies that optimize reductions of both PM2.5 and O3. This will be realized 
by advancing CARB’s understanding of the current sources and formation regimes of PM2.5, which 
will be synergistically analyzed with the formation regimes of O3. The project will measure and 
analyze sub-hourly speciated PM2.5 in several California cities where PM2.5 is a major problem. Source 
apportionment of highly resolved PM2.5 will identify local and regional sources of relative importance. 
In addition, the sensitivity of PM2.5 formation (e.g. secondary organic aerosols) to perturbations 
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in Oxides of Nitrogen (NOX) and Volatile Organic Compounds (VOCs) will be measured directly 
and compared with that of O3. This project will provide observational constraints on the present-
day sources and production mechanisms of PM2.5, which will enable CARB to refine the modeling 
framework for State Implementation Plans (SIPs) for joint PM2.5 and O3 mitigation.


Project 9: Transportation and Land Use Policies and Practices: Opportunities to 
Address Past Inequity to Build Healthier, More Sustainable Communities


Historically, racial discriminatory practices placed public services and funding sources out of 
reach for many residents based on race or ethnicity. Although many of these practices have been 
outlawed in the past several decades, current policies are still not providing sufficient investments 
to adequately develop clean, healthy, and resilient communities, or reverse the impacts of historical 
and sustained racial, economic, and pollution burdens experienced in some of California’s historically 
disinvested priority communities. This has resulted in priority communities having inadequate 
access to transportation infrastructure, mobility options, economic upward mobility, and housing, 
among other social determinants of health. As California works to identify new areas for affordable, 
transportation-efficient housing developments as potential solutions to address the housing crisis, 
it will be equally important to identify additional investments for existing priority communities to 
avoid exacerbating inequities. The objective of this project is to examine the policies, along with 
systemic precedents, that have contributed to the inequitable distribution of resources and resulting 
disparities in California’s priority communities. In addition, the project will identify strategies to 
address these inequities, in transportation and land use policies, strategies, and funding practices. 
The project may also identify other needed systemic changes. This project will recommend existing 
and new place-based investments along with policies intended to yield economic, environmental, 
and social returns to support healthy, sustainable community development. Researchers will use 
spatial and policy analyses to characterize the role of historical land use, housing, and transportation-
related funding programs in creating and exacerbating resource and access inequities. This 
project will also leverage the results of a companion project aimed at identifying areas across the 
state that are transportation-efficient, healthy, and where residents have access to economic and 
educational opportunities—high-opportunity places to live. The results of this project will help 
propose strategies and policies that state, regional, and local governments can use to identify and 
address inequitable planning and funding policies. Results will also help to establish planning-related 
policies along with place-based investments that can begin to reduce inequities in resources and 
opportunities experienced by priority communities, and help the state achieve its climate goals.


Project 10: Strategies to Improve the Alignment of Planned Transportation 
Investments with Climate and Equity Goals


In accordance with the Sustainable Communities and Climate Protection Act, or SB 375 (Chapter 
728, Statutes of 2008), California Metropolitan Planning Organizations (MPOs) are required to 
create and adopt Sustainable Communities Strategies (SCS) that demonstrate how each region will 
meet greenhouse gas (GHG) emission reduction targets from light-duty vehicle travel in support 
of the state’s climate goals. In 2018, CARB assessed statewide progress toward achieving the 
goals of SB 375—as mandated by SB 150 (Allen, Chapter 646, Statutes of 2017)—and published a 
report on its findings. The report revealed that California is not on track to meet the GHG emission 
reductions needed to achieve the goals set by SB 375. Per this finding, CARB is committed to finding 
solutions to reverse this trend. Also, illuminated by the SB 150 Report, is the opportunity to shift 
transportation investments toward more sustainable transportation projects that provide Californians 
with more and better mobility options. Many MPOs have existing practices, tools, and measures to 
help them select and prioritize projects and these could inform best practices for other regions. The 
objective of this project is to identify and analyze the methods, project performance assessments 
(PPA), and SCS decision-making frameworks that MPOs currently use. Further, the project seeks to 
recommend methods to assess projects beyond standard, transportation-based metrics for mobility 
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and accessibility, to examine project performance related to climate protection, equity, affordable 
housing, safety, and other important outcomes. To achieve the project objectives, the researchers 
will review PPAs, tools, and other practices used by MPOs across the state. This project will also use 
interviews, focus groups, surveys, or other qualitative methods to develop a deep understanding of 
project selection and SCS implementation. The project results will provide recommendations on best 
practices to select, evaluate, and strengthen SCS development. In addition, the results will make 
recommendations for practices and metrics that effectively evaluate equity and strategies for how 
MPOs can achieve the most equity and climate co-benefits. The results will be shared publicly and 
will help accelerate progress toward meeting SB 375 goals with equitable outcomes.


Project 11: Pathways to Increasing California Freight System Efficiency – White 
Paper


California’s freight transportation system faces surging demand, intensifying competition, 
regulations, and accelerating technological change. A major source of pollutant emissions as well as 
a vital part of the state’s economy, California’s freight industry must rapidly identify and implement 
substantial improvements in system efficiency to meet these combined challenges. This project 
reviews recent freight system literature and practices and identifies research and operational 
opportunities to further improve freight system efficiency (FSE) and competitiveness. Focusing on 
freight system sectors and technologies within CARB’s regulatory jurisdiction, the contractor will 
inventory research needs, operational adaptations and regulatory policies with the greatest potential 
to improve FSE in California. Project findings will include research recommendations and policy 
implications for future regulatory and incentive programs.


Fiscal Year 2020-2021
For Fiscal Year 2020-2021 a series of projects have been proposed and accepted by the Board for 
execution. These projects will commence in early 2021. Start and end dates are approximate and 
subject to change.


Contract # Title Start End


20RD004
Plume Capture Measurement of Vehicle Emissions at the Caldecott 
Tunnel for Heavy-Duty Emission Program Development and Verification


2/1/2021 1/31/2025


20RD005 A Data Science Framework to Measure VMT by Mode and Purpose 4/1/2021 3/31/2023


20RD006
Measuring, Analyzing, and Identifying Small-Area Vehicle Miles 
Traveled Reduction


3/1/2021 2/28/2023


20RD007


Developing a Comprehensive Framework for Estimating the Social 
Costs of Emissions of Criteria Pollutants and Air Toxics in California, 
and Identifying Other Direct and Indirect Benefits of California’s 
Climate and Air Quality Programs


1/15/2021 7/14/2023


20RD012
Total Exposures to Air Pollutants and Noise in Disadvantaged 
Communities


2/1/2021 1/31/2023


20RD013
An Integrated Framework to Guide Improvements in Air Quality at 
Community, Urban, and Regional Scales


3/1/2021 8/30/2022


20RD015
HIFIVE - Health Impacts of Filtration in Imperial Valley Elementary 
Schools


2/15/2021 2/14/2023


20RD016
Impacts of Train and Port Pollution and Air Toxics on Respiratory 
Symptoms and Emergency Department Visits within Vulnerable 
Communities in Southern California 


4/15/2021
4/15/2021- 
4/14/2023


20STC008 Post-COVID Transportation Scenarios: Evaluating the Impact of Policies 5/1/2021 11/1/2022


20STC009
Evaluating the Potential for Housing Development in Transportation-
Efficient and Healthy, High-Opportunity Areas in California


5/1/2021 5/1/2024
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Appendix B – Current Projects


Health and Exposure


Exposure Impacts and Mitigation


Contract # Title Start End


In-House


Personal exposure: Estimating exposure impacts from daily activities 
which correspond to highest pollution exposures (commute trips, 
cooking, restaurant visits), and identifying potential personal choices 
to reduce personal exposures to air pollution


1/1/2015 On-Going


16RD005 Women’s Cardiovascular Risk from PM Exposure 7/1/2016 4/30/2020


17RD011
Combined Exposures to Ultrafine Particulate Matter and Ozone: 
Characterization of Particular Deposition, Pulmonary Oxidant Stress 
and Myocardial Injury


1/30/2018 1/28/2021


19RD004
Sources of On-Road Vehicle Emissions and their Impacts on 
Respiratory Disease Symptoms in California


4/1/2020 3/31/2022


19RD006 Particulate Matter 2.5 Acute Health Impacts on Work Loss Days 2/1/2020 1/31/2022


In-House Characterization of Cleaner Air Shelters and Cleaner Air Spaces 7/1/2020 6/31/2021


Indoor Exposure and Mitigation


Contract # Title Start End


19RD013
Improving Indoor Air Quality, Energy Efficiency, and Greenhouse Gas 
Reductions through Multifamily Unit Compartmentalization


3/15/2020 8/31/2022


19RD019
Assessment of Methods to Collect and Analyze Perfluoroalkyl and 
Polyfluoroalkyl Substances (PFAS)


2/1/2020 1/31/2021


Emerging Health Challenges


Contract # Title Start End


19RD005
Health Impacts of California Wildfire PM2.5 Across the Lifespan: 
Wildfire Exposure to Rhesus Monkeys


4/1/2019 3/31/2021


17RD012
Effects of Brake and Tire Wear on Particulate Matter Composition, 
Reactive Oxygen Species, Placental Development and Birth Outcomes 
in Los Angeles


5/1/2018 4/1/2022


19RD029 Impact of Air Pollution on COVID-19 Case and Death Risk in California 6/1/2020 4/15/2022


19RD030
Ambient Air Pollution and COVID-19 Disease Severity or Death among 
Confirmed Cases in Southern California


6/15/2020 4/14/2022


Sustainable Communities and Health


Contract # Title Start End


18RD018
Characterizing the Potential Health and Equity Impacts of Oil and Gas 
Extraction and Production Activities in California


2/1/2019 1/31/2022
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Environmental Justice


Identifying Sources


Contract # Title Start End


In-House
Developing new mobile monitoring systems and analytical frameworks 
for air pollution mapping and hotspot identification in communities


1/1/2015 On-Going


17RD006
A Tool to Prioritize Sources for Reducing High PM2.5 Exposures in 
Environmental Justice Communities in California


6/1/2018 11/30/2019


17RD021
Characterization of Air Toxics and GHG Emission Sources and Their 
Impacts on Community-Scale Air Quality Levels in Disadvantaged 
Communities


6/6/2018 3/30/2021


In-House
Source apportionment of ambient air monitoring data collected at 
Lost Hills, CA in support of SNAPS program


10/1/2019 11/30/2020


Reducing Disparities


Contract # Title Start End


In-House


Quantifying community-scale pollution contribution from regional 
and local sources, and identifying community sources and land use 
characteristics which correspond to highest pollution exposures in 
communities


1/1/2015 On-Going


In-House
Understanding the influence of reduced anthropogenic activities 
during COVID-19 on air quality disparities in CA


4/1/2020 12/31/2021


20RD001
Remote Sensing Measurements of Light-Duty Vehicle Emissions at 
Multiple California Locations


11/1/2020 4/30/2024


Economics


Market Transformation


Contract # Title Start End


18RD016 Hybridization of Full Electrification Potential in Off-Road Applications 3/1/2019 2/28/2021


19RD010 Determinants of Medium and Heavy-Duty Fleet Turnover 2/15/2020 2/14/2022


20RD009 White Paper: Economic Benefits of Affordable Infill Housing 10/1/2020 6/30/2021


Program Assessment


Contract # Title Start End


19RD026
Low-Carbon Transportation Incentive Strategies Using Performance 
Evaluation Tools for Heavy-Duty Trucks and Off-Road Equipment


6/1/2020 11/30/2022


Behavioral Economics


Contract # Title Start End


20RD008
Decision Drivers to Facilitate Lower-Polluting Products Choices by 
Consumers


11/1/2020 10/31/2022
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Air Quality – State Implementation Plans


Ozone Sensitivity and Transport


Contract # Title Start End


17RD004 Spatial Variation of Vertical Ozone Distribution over California 4/15/2018 4/14/2020


18RD031
Trinidad Head, CA: Continued Ozone-Sonde and Surface Ozone 
Measurements


3/1/2019 2/27/2021


In-House
Understanding the effectiveness of ozone reduction pathway in 
California


7/1/2019 4/1/2021


In-House
Assessing temporally comprehensive vertical ozone measurements to 
evaluate AQ influence of changing global anthropogenic emissions 
during COVID-19 pandemic


10/1/2019 4/1/2021


In-House
Understanding the spatiotemporal influence of wildfires on California’s 
ozone sensitivity


1/1/2020 4/1/2021


Identifying Sources of PM2.5


Contract # Title Start End


In-House
Tracking real-world emissions from ocean going vessels and 
evaluating ship sulfur regulations use of a remote plume detection 
and emissions measurement system


1/1/2015 On-Going


In-House
Evaluating Black Carbon Emissions and its Spatiotemporal Variabilities 
in Southern California, including COVID-19 impacts


1/1/2017 1/1/2021


17RD008
Long-term Characterization of Fine Particulate Matter Chemical 
Composition in the San Joaquin Valley


2/1/2018 1/31/2021


17RD022
Design and Development of an Instrument for Toxic-metal Aerosol 
Real Time Analysis


5/15/2018 4/13/2022


In-House
Spatially comprehensive evaluation of satellite-based NO2 trends and 
their associated emission sources


4/1/2018 6/30/2021


In-House
Developing and utilizing MODIS 1 km PM2.5 derivative for AQ 
assessment in CA


10/1/2018 On-Going


In-House
Evaluation of long-term Boundary Layer Height and Atmospheric 
Optical Depth monitoring data in the SJV to improving AQ modeling 
and understand residual layer influences


10/1/2018 On-Going


In-House
Operating Fresno-Supersite: real-time air monitors (HCHO, NH3, BC, 
MiniMPL)


10/1/2018 On-Going


In-House
Meteorologically adjusted urban air quality trends in major air basin in 
California 


1/1/2019 1/1/2021


In-House
Evaluating the spatial variabilities of NH3 sources in the SJV using 
satellite and CMAQ


7/1/2019 1/1/2022


18RD009
Environmental Chamber Experiments to Improve Secondary Organic 
Aerosol Model Prediction


4/1/2019 3/31/2022


In-House
Long-term trend and diurnal pattern of high-resolution speciated 
PM2.5 to evaluate sources and improve AQ modeling (Fresno 
Supersite)


10/1/2019 On-Going


In-House
Evaluation of multi-wavelength attinuation data at Fresno, CA to 
understand the PM2.5 BC source categories


10/1/2019 On-Going


19RD008 Understanding and Mitigating Wildfire Risk in California 1/1/2020 6/30/2022
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Contract # Title Start End


In-House
High spatiotemporal PM2.5 from newly released geostationary 
satellites


1/1/2020 On-Going


In-House
Understanding the distribution of VOC species in the SJV and the 
SoCAB


4/1/2020 7/1/2022


20RD003
Airborne Flux Measurement of Volatile Organic Compounds and 
Oxides of Nitrogen in California


10/1/2020 3/1/2023


Emission Reduction Strategies


Contract # Title Start End


In-House
Intensive analysis of statewide monitoring data and comparison 
to previously published air quality models to evaluate pollution 
reduction due to COVID-19 restrictions 


4/1/2020 3/1/2021


Air Quality – Mobile Sources


Light-Duty Vehicle Research


Contract # Title Start End


16RD009
Emerging Technology Zero-Emission Vehicle Household Travel and 
Refueling Behavior


6/1/2017 4/30/2021


In-House
Vehicular emissions disparities between disadvantaged and non-
disadvantaged communities


7/1/2017 6/30/2021


In-House
Examine real-world fuel economy, characterize braking activity, and 
evaluate energy use patterns


2/1/2018 On-Going


17RD003
Emission Impacts of Connected and Automated Vehicle Deployment 
in California


5/1/2018 4/29/2021


18RD027 White Papers on California’s Changing Transportation Landscape 4/1/2019 3/30/2021


Heavy-Duty Vehicle Research


Contract # Title Start End


14-300
Evaluation of the Feasibility, Cost-Effectiveness, and Necessity of 
Equipping Small Off-Road Diesel Engines with Advanced PM and/or 


NOX Aftertreatment
8/20/2014 4/15/2020


In-House
Tracking real-world program effectiveness of Truck and Bus 
regulation, and studying pollution transport and impacts from 
freeways into neighboring communities


1/1/2015 On-Going


16RD011 The Optimal Route for a Clean Heavy-Duty Sector in California 6/15/2017 12/14/2020


17RD009
Geofencing as a Strategy to Lower Emissions in Disadvantaged 
Communities


1/1/2018 12/30/2020


17RD013 Activity Data of Off-Road Engines in Construction 2/1/2018 1/30/2021


18RD016
Hybridization of Full Electrification Potential in Off-Road 
Applications


3/1/2019 2/28/2021


In-House
Characteristics of Battery Electric Bus activity and energy use in 
support of the Innovative Clean Transit rule and the Advanced 
Clean Transit programs


3/1/2019 12/31/2021







114 Triennial Strategic Research Plan for Fiscal Years 2021-2024


Contract # Title Start End


In-House
Large in-use emissions data analysis in support of on-road and off-
road heavy-duty regulations and policies 


On-Going On-Going


18RD006
Off-Road Diesel Low-Emission Demo for Nitrogen (NOX), Particulate 
Matter, (PM) and Toxics


4/22/2019 4/21/2021


Non-Tailpipe Emission Sources


Contract # Title Start End


17RD016 Brake and Tire Wear Emissions 4/15/2018 3/13/2021


18RD017 Real-World Tire and Brake-Wear Emissions 2/1/2019 1/31/2021


In-House
White paper: Update on Non-exhaust Emissions Research at the 
California Air Resources Board 4/1/2019 On-Going


Climate


Tracking Progress and Refining Emissions Estimates


Contract # Title Start End


In-House Evaluation of regional black carbon emissions in South Coast LA 1/1/2016 6/30/2021


In-House Cropland emissions of N2O from fertilizer applications in California 1/1/2016 6/1/2020


In-House


Statewide evaluation of landfill methane fugtivite emissions using 
CARB sponsored measurements (JPL, SciAv, Mobile, Flux Tower 
data) and landfill model improvements 1/1/2016 On-Going


In-House


Real-world evaluation and tracking of statewide and regional GHG 
emissions (CH4, N2O) using atmospheric measurements, inverse 
modeling, and other analytical tools 1/1/2016 On-Going


In-House
Application of a mobile monitoring system for methane leak 
detection and quantification from oil, gas and landfill sources 1/1/2016 On-Going


In-House Evaluating N2O emission in South Coast LA; drought effect 1/1/2017 7/1/2020


In-House


Landfills: Comprehensive long-term studies of spatial and temporal 
emission behavior of landfills using Eddy Covariance (EC) flux towers, 
mobile platforms, airborne measurements, and other advanced 
measurement systems 1/1/2017 On-Going


In-House


Comprehensive long-term studies of spatial and temporal 
emission behavior of landfills using Eddy Covariance flux towers, 
mobile platforms, airborne measurements, and other advanced 
measurement systems 1/1/2017 On-Going


In-House Analysis and tracking of dairy emissions using EC flux towers 1/1/2017 On-Going


In-House


Coordination and expansion of CARB GHG Research Monitoring 
Network with additional sites, and advanced measurements for 
meteorological and chemical speciation data 1/1/2017 On-Going


In-House Soil emissions of NOX from California land covers 1/1/2018 1/1/2020


In-House


New collaboration for launching a California Satellite, onboarding 
source and data visualization platform (Methane Source Finder), and 
partnerships with operators for testing data to action pipelines for 
identifying and fixing methane leaks 1/1/2018 On-Going


18RD008
Fluorinated Gases (F-gas) Inventory Update for Small Refrigeration 
and Air Conditioning Systems 1/14/2018 On-Going
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Contract # Title Start End


In-House
Evaluating CH4 emissions from California dairies through MMP and 
dispersion modeling approach 4/1/2018 1/31/2021


In-House
Development of California-specific dairy database (CADD) and 
visuilization platform 4/1/2019


In-House
Understanding the seasonal variabilities of CH4 emissions from CA 
dairies 4/1/2018 1/1/2022


In-House Soil emissions of NH3 from California land covers 1/1/2020 1/1/2021


In-House
Investigating the impact of recent wildfires on climate and air quality 
in California 7/1/2020 On-Going


Mitigation Options


Contract # Title Start End


17RD017
Benchmarking of Post-Alternative Manure Management Program 
(AMMP) Dairy Emissions and Prediction of Related Long-Term Airshed 
Effect


5/1/2018 4/30/2021


17RD018
Strategies to Reduce Methane Emissions from Enteric and Lagoon 
Sources


4/27/2018 4/25/2021


19RD015
A Scenario Tool for Assessing the Health Benefits of Conserving, 
Restoring and Managing Natural and Working Lands in California


3/1/2020 2/28/2022


In-House
Evaluating the effectiveness of dairy digester technology in reducing 
CH4 and NH3 emissions using satellite remote sensing 4/1/2018 On-Going


19RD017
White Paper: A Review of Emerging Technologies and Methods for 
Carbon Sequestration


3/1/2020 2/25/2021


Sustainable Communities Program Support


Tracking Progress and Co-Benefits


Contract # Title Start End


18RD021
Screening Method and Map for Evaluating Transportation Access 
Disparities and other Built Environment-related Social Determinants of 
Health


2/1/2019 1/31/2021


19RD018 White Paper on Anti-Displacement Strategy Effectiveness 1/1/2020 2/28/2021


19STC005
Examining Entitlement to Inform Policy and Process in California: 
Advancing Social Equity in Housing


3/16/2020 9/14/2021


Evaluation and Mitigating GHG Emissions from VMT, Land Use and Buildings


Contract # Title Start End


16RD004 Zero-Carbon Buildings in California: A Feasibility Study 9/1/2016 2/28/2021


18RD022
Estimating Induced Travel from Capacity Expansions on Congested 
Corridors


4/1/2019 3/31/2021


19RD009
Strategies for Incentivizing High-Occupancy, Zero-Emission, New 
Mobility Options


2/1/2020 7/31/2022


19STC006 Barriers to Reducing the Carbon Footprint of Transportation 6/1/2020 12/31/2022
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Appendix C – Recent Research Final Reports:  


March 2019 – October 2020


Health and Exposure
Contract Number 14-314. Kleeman, Michael. Association between long-term ultrafine particulate 
matter exposure and premature death. (April 2019)


Contract Number 16RD010. Quintana, Penelope. Improving the CalEnviroScreen Score at the US-
Mexico Border. (November 2019)


Contract Number 15-303. Miller, Lisa. Are Adverse Health Effects from Air Pollution Exposure Passed 
on from Mother to Child? (November 2019)


Contract Number 18RD010. Suffett, Irwin (Mel). White Paper: Odor Complaints, Health Impacts, and 
Monitoring Methods. (2019)


Environmental Justice
Contract Number 17RD006. Apte, Joshua. A Tool to Prioritize Sources for Reducing High PM2.5 
Exposures in Environmental Justice Communities in California. (November 2019)


Air Quality – State Implementation Plans
Contract Number 15RD007. Chiao, Sen. A characterization of California ozone baseline using 
ozonesonde measurements at two coastal sites. (April 2019)


Contract Number 17RD004. Iraci, Laura. Spatial Variation of Vertical Ozone Distribution over 
California. (April 2020)


Mobile Sources
Contract Number 12-315. Kirchstetter, Thomas. Measuring real-world emissions from the on-road 
heavy-duty truck fleet. (March 2019)


Contract Number 12-319. Turrentine, Tom. Advanced Plug-In Electric Vehicle Usage and Charging 
Behavior. (April 2020)


Contract Number 17RD014. Kishan, Sandeep. Identify Outlier Makes and Models of Light Duty 
Vehicles Using Remote Sensing Data. (November 2019)


Contract Number 17RD015. Bishop, Gary. Measuring Emissions from the On-Road Vehicle Fleet in 
West Los Angeles. (November 2019)


Contract Number 14-300. Durbin, Thomas. Evaluation of the feasibility, cost-effectiveness, and 
necessity of equipping small off-road diesel engines with advanced PM and/or NOX aftertreatment. 
(January 2020)


Contract Number 16RD009. Tal, Gil. Emerging Technology Zero-Emission Vehicle Household Travel 
and Refueling Behavior. (September 2020)


Contract Number 16RD011. Samuelsen, Scott. The Optimal Route for a Clean Heavy-Duty Sector in 
California. (September 2020)


Contract Number 17RD009. Boriboonsomsin, Kanok. Geofencing as a Strategy to Lower Emissions in 
Disadvantaged Communities. (September 2020)


Contract Number 18RD011. Kavaralakis, George. White Paper: A Review of Polycyclic Aromatic 



https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=65238

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=65434

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=65257

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=68592

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=67021

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=67729

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=66838

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=65148

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=65206

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=66834

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=66816

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=65212

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=65500

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=65448

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=68793

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=68787
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Hydrocarbon and Polycyclic Aromatic Hydrocarbon Derivative Emissions from Off-Road, Light-Duty, 
Heavy-Duty, and Stationary Sources. (2020)


Climate
Contract Number 16RD002. Meyer, Deanna. Characterize physical and chemical properties of 
manure in California dairy systems to improve greenhouse gas emission estimates. (June 2019)


Contract Number 16RD015. Hunter, George. Benchmarking Risk by Whole Room Scale Leaks and 
Ignitions Testing of A3 Refrigerants. (July 2019)


Contract Number 17RD018. Kebreab, Ermias. Strategies to Reduce Methane Emissions from Enteric 
and Lagoon 23 Sources (September 2020)


Sustainable Communities and Transportation
Contract Number 16RD003. Chapple, Karen. Assessing the Travel Demand and Co-Benefit Impacts 
of Affordable Transit Oriented Developments. (March 2019)


Contract Number 18RD029. Shaheen, Susan. White Paper: Social Equity Impacts of Congestion 
Management Strategies. (2019)


Contract Number 18RD028. Skabardonis, Alexander. White Paper: Environmental Impacts of 
Congestion Management Strategies. (2019)


Contract Number 16RD004. Mozingo, Louise A. Zero-Carbon Buildings in California: A Feasibility 
Study. (September 2020)



https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=68042

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=68794

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=66839

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=65273

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=68591

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=68590

https://ww3.arb.ca.gov/research/single-project_ajax.php?row_id=65274
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Appendix D – Impact of CARB Research Program 


Work in the Literature: Research Division Staff  


Peer-Reviewed Publications


CARB-Funded Research in World Class Publications
Over the past two decades, CARB has funded more than 460 research contracts which have resulted 
in a similar number of peer-reviewed, highly-cited publications. On average, these CARB-funded 
publications are cited about 82 times each by other articles, and approximately 80 percent are 
published in the top quartile of journals in terms of scientific impact, which compares favorably 
to other funding organizations such as the U. S. Environmental Protection Agency and the Health 
Effects Institute. Health and exposure, atmospheric science, and emissions monitoring and control 
publications have received the most citations, and reflect CARB’s long-standing research strengths. 
CARB research also has been cited in reviews of the National Ambient Air Quality Standards and 
in dozens of CARB regulatory documents. Publications resulting from CARB research contracts 
have won multiple Haagen-Smit Prizes for outstanding papers published in the journal Atmospheric 
Environment, the John Johnson award for outstanding research in diesel engines from the SAE 
International Journal of Engines, and the Arthur C. Stern Distinguished Paper award from the Journal 
of the Air and Waste Management Association.


CARB’s Research Staff Produce High-Impact Publications
During the past 20 years, CARB Research Division staff has authored or co-authored 150 peer-
reviewed scientific articles (Figure 42) published in widely-read, prestigious journals. The wide range 
of topics (Figure 43) is indicative of the range of CARB’s air quality and climate priorities as well as 
the complexities of the challenges CARB is working to address across disciplines to meet air quality, 
climate and equity goals. In the last Triennial Strategic Research Plan for 2018-2021, a comprehensive 
list of peer reviewed journal articles was provided. Recent publications are provided below.


Collier, S., Ruehl, C., Yoon, S., Boriboonsomsin, K., Durbin, T.D., Scora, G., Johnson, K. and Herner, 
J., 2019. Impact of Heavy-Duty Diesel Truck Activity on Fuel Consumption and Its Implication for the 
Reduction of Greenhouse Gas Emissions. Transportation Research Record, 2673(3), pp.125-135, ISSN 
0361-1981


Faloona, I.C., Chiao, S., Eiserloh, A.J., Alvarez, R.J., Kirgis, G., Langford, A.O., Senff, C.J., Caputi, D., 
Hu, A., Iraci, L.T., Yates, E.L., Marrero, J.E., Ryoo. J, Conley, S., Tanrikulu, S., Xu, J., and Kuwayama, 
T., 2020. The California Baseline Ozone Transport Study (CABOTS). Bulletin of the American 
Meteorological Society, 101(4), pp.E427-E445.


Guo, L., Chen, J., Luo, D., Liu, S., Lee, H.J., Motallebi, N., Fong, A., Deng, J., Rasool, Q.Z., Avise, 
J.C. and Kuwayama, T., 2020. Assessment of Nitrogen Oxide Emissions and San Joaquin Valley PM2. 
5 Impacts from Soils in California. Journal of Geophysical Research: Atmospheres, p.e2020JD033304.


Ho, P., Quiros, D., Robertson, W., Ruehl, C., Sobieralski, W., Ianni, R., Chernich, D., Littaua, R., 
Evaluation of Greenhouse Gas Emission Benefits of Vehicle Speed Limiters on On-Road Heavy-Duty 
Line-Haul Vehicles. Emiss. Control Sci. Technol. 4, 279–288 (2018).


Kuwayama, T., Charrier-Klobas, J.G., Chen, Y., Vizenor, N.M., Blake, D.R., Pongetti, T., Conley, 
S.A., Sander, S.P., Croes, B. and Herner, J.D., 2019. Source apportionment of ambient methane 
enhancements in Los Angeles, California, to evaluate emission inventory estimates. Environmental 
science and technology, 53(6), pp.2961-2970.
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Lee, H.J. 2019. Benefits of high resolution PM2.5 prediction using satellite MAIAC AOD and land use 
regression for exposure assessment: California examples. Environmental Science and Technology 
53:12774-12783.


Lee, H.J., Park, H.-Y. 2020. Prioritizing the control of emission sources to mitigate PM2.5 disparity in 
California. Atmospheric Environment. 224, 117316.


Misra, C; Ruehl, C; Collins, J; Chernich, D; and Herner, J: In-use NOX emissions from diesel and 
liquefied natural gas refuse trucks equipped with SCR and TWC respectively, Environ. Sci. Technol. 
(2017).


Ruehl, C., Misra, C., Yoon, S., Smith, J., Burnitzki, M., Hu, S., Collins, J., Tan, Y., Huai. T., and 
Herner, J.; Evaluation of Heavy-Duty Vehicle Emission Controls with a Decade of California Real-
World Observations; Journal Air and Waste Management Association; Accepted, 2020


Ruehl, C; Smith JD; Ma Y; Shields J; Burnitzki M; Sobieralski W; Ianni R; Chernich, D; Chang M-C; 
Collins, J; Yoon S; Quiros D; Hu S; and Dwyer H: Emissions During and Real-world Frequency of 
Heavy-duty Diesel Particulate Filter Regeneration, Environ. Sci. Technol. (2018).


Schwarzman M, Schildroth S, Bhetraratana M, Alvarado A, Balmes J (2021). "Raising standards to 
lower diesel emissions." Science 371(6536): 1314-1316.


Smith, JD; Ruehl, C; Burnitzki, M; Sobieralski, W; Ianni, R; Quiros, D; Hua, S; Chernich, D; Collins, 
J; Huai, T; Dwyer, H: Real-time particulate emissions rates from active and passive heavy-duty diesel 
particulate filter regeneration, Sci. Total Environ. (2019).


Stauffer, R.M., Thompson, A.M., Johnson, B.J., Kollonige, D.E., Carlson, A.J., Particla, J.S., Amini, 
S., and Kuwayama, T., 2020. Linking the Trinidad Head, CA, Ozonesonde Profile Record to Surface 
Ozone Pollution. The Magezine for Environmental Managers. A&WMA.


Tan, Y.; Henderick, P.; Yoon, S.; Herner, J.; Montes, T.; Boriboonsomsin, K.; Johnson, K.; Scora, G.; 
Sandez, D.; Durbin, T. D., On-Board Sensor-Based NOX Emissions from Heavy-Duty Diesel Vehicles. 
Environmental Science and Technology 2019, 53, (9), 5504-5511.


Yadav, V., Duren, R., Mueller, K., Verhulst, K.R., Nehrkorn, T., Kim, J., Weiss, R.F., Keeling, R., Sander, 
S., Fischer, M.L., Newman, S., Falk, M., Kuwayama, T., Hopkins, F., Rafiq, T., Whetstone, J., and 
Miller, C., 2019. Spatio-temporally resolved methane fluxes from the Los Angeles Megacity. Journal 
of Geophysical Research: Atmospheres, 124(9), pp.5131-5148.


Yang, J; Roth, P; Ruehl, CR; Shafer, MM; Antkiewicz, DS; Durbin, TD; Cocker, D; Asa-Awuku, A; 
Karavalakis, G: Physical, chemical, and toxicological characteristics of particulate emissions from 
current technology gasoline direct injection vehicles, Sci. Total Environ. (2019).


Zhan, T; Ruehl, C; Bishop, G; Hosseini, S; Collins, J; Yoon, S; Herner, J: An analysis of real-world 
exhaust emission control deterioration in the California light-duty gasoline vehicle fleet, Atmos. 
Environ. (2019).


Zhou, X., Yoon, S., Mara, S., Falk, M., Kuwayama, T., Tran, T., Cheadle, L., Nyarady, J., Croes, 
B., Scheehle, E., Herner, J.D., and Vijayan, A., 2021 Mobile sampling of methane emissions from 
natural gas well pads in California. Atmospheric Environment, 244, p.117930.
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Figure 32: puBlications From carB authors sorted topically
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Figure 33: total numBer oF carB authored puBlications By year
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Appendix E – Research Roundtable Public  


Docket Summary


On Wednesday September 16, 2020, CARB hosted two online research roundtables to gather public 
comments on the proposed research initiatives for the Proposed 2021-2024 Triennial Strategic 
Research Plan. Community members and academic stakeholders were invited to both meetings and 
a total of 110 non-CARB attendees logged in. Two meetings were set up for flexibility and Spanish 
translation services were provided. Public engagement on the Research Program is a critical element 
to addressing community needs and hearing from subject matter experts on the direction CARB 
research is going. Each meeting began with a presentation briefly outlining the research planning 
process and then presenting on each category covered in the draft Triennial Strategic Research Plan. 
CARB also solicited input on our engagement efforts. During the meeting CARB heard a wide-range 
of comments, including resident concerns over persistent air pollution issues in their communities 
and suggestions on how CARB does research and how CARB could engage with communities 
better. A public docket was also set up to collect written comments. A summary of the public docket 
comments is provided below. The full docket can be accessed here. Below that is a summary of 
comments collected during the Research Roundtables.


Summary of Public Docket Comments


Suggestions for Better Outreach and Collaboration


• CARB should support partnerships between universities and municipalities to address local 
sustainability-related goals


• CARB should undertake research that is action-oriented and equity centered, such that 
communities are engaged early on in the design and planning process and leverage existing 
efforts; further, CARB should partner with communities, rather than doing research “on” them


• CARB needs to better address equity in its Research Program. The following 
recommendations are being made to improve how it collaborates with community groups:


• Understand the context of racism in research in the past and present
• Review the challenges, best practices, and opportunities for centering racial equity in 


research
• Conduct an internal equity assessment of your research institution, department, or team
• Partner with and pay a community partner to conduct research
• Co-create the research questions and scope of work with a community partner


• CARB should coordinate with other state agencies who provide research funding to 
accelerate new scientific and technological solutions by hosting research roundtables and 
forums which promote greater dialogue on priorities and efficient use of research funds


• CARB should improve its research planning process by soliciting more robust research 
concepts and ensure that publicly submitted concepts more closely address CARB needs; 
this can be achieved by asking for more detailed concepts including budgetary needs and 
capabilities and putting them through a thorough screening process


Air Quality Issues


• Fog water may be a vector to transfer chemicals from agricultural activities to regional 
communities, can fog water be collected to better understand air quality issues in the central 
valley and other agricultural communities?



https://www.arb.ca.gov/lispub/comm2/bccommlog.php?listname=research-input-ws
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• The Eastern Coachella Valley is frequently in non-attainment for ozone; what can CARB do 
to better understand pollutant transport from Southern California to the Coachella Valley 
communities, many of which are priority communities and highly impacted by pollution


• Air quality issues are severe in the Eastern Coachella Valley and other surrounding areas with 
multiple sources impacting communities; despite this, one air quality index (AQI) value is 
reported for the entire region. Can CARB invest in integrating the various low-cost sensors 
that currently exist to provide higher spatial resolution AQI values, particularly for highly 
impacted regions with multiple sources of pollutants?


• The Salton Sea produces various types of air contaminants. Can CARB fund research that 
explores health risks from biological components of the Salton Sea?


• Fragrances are an understudied yet persistent environmental stressor that can cause severe 
migraines in sensitive groups; what research can CARB do regarding regulatory interventions 
to alleviate the health concerns of people experiencing negative health impacts from 
pervasive fragrances and odors?


• CARB should continue to focus on air quality disparities and leverage new tools to provide 
more fine-grained estimates of how pollution impacts various communities and how costs and 
benefits of regulating air pollutants impact communities differently


Technological Innovations and Proposed Solutions to Air Quality and Climate Issues


• CARB should consider utilizing small wind turbines to reduce carbon emissions


• To tackle the climate crisis, CARB should radically reimagine proposed interventions and 
consider major land use changes and including lifestyle and behavioral changes; additional 
interventions could include pricing carbon to change consumer behavior


• CARB should consider investigating retraining of certain workers who will have to shift tools 
and methods used in their work to instead gain skills in methods that would lower carbon; for 
example, retraining landscapers to implement permaculture


• CARB should engage with researchers to develop behavioral economics projects to improve 
regulatory compliance


Summary of Research Roundtable Verbal Public Comments


Community Concerns


Community members expressed concern over the following needed interventions and air pollution 
issues:


• Improvements to AQI reporting and increasing spatial resolution, particularly in areas where 
local sources create hot spots for unhealthy air


• Increased community engagement on air quality siting monitors, air toxics and community 
exposure


• Exposure to fragrances impacting health with no viable recourse to be heard


• Access to list of toxics for reporting


• Salton Sea community concerns including agricultural burning and hydrogen sulfide 
exposures, even inside homes


• Imperial Valley air quality concerns


• More granular GHG inventories for school districts
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Collaboration


Community members brought up the following ideas to improve CARB’s engagement with 
communities and other government agencies:


• Create a forum for researchers to collaborate on CARB research initiatives


• Improve how CARB is working with MPOs and local governments to implement best evidence 
based policies


• Collaborate with CPUC to improve overlap of standards for indoor air quality and refrigerants


Emerging Issues


Community members brought to CARB’s attention emerging issues that may require further 
investigation in the future:


• Cannabis industry emissions and impacts on communities are unregulated and understudied


• Conversion of ports for helicopter commuting may be generating high emissions


Technology


Community members brought various recommendations to the Research Roundtable regarding new 
technological interventions to solve air quality and climate issues moving forward:


• CARB should jump to the next technology rather than investing in interim technologies which 
may continue to contribute to unhealthy air


• Health benefits of climate change mitigation should be investigated


• Technological innovation on reducing border emissions should be investigated, various 
interesting ideas have been proposed recently


• CARB should optimize incentives to introduce clean technologies at ports


• CARB should focus on improving energy density of batteries


Continuing Concerns


Some comments related to phenomena that is somewhat understood, but needs further study:


• Better understanding of the impacts of meteorology on central valley pollution is needed


Wildfires


Various attendees brought up concerns over wildfire smoke and its health impacts:


• Health concerns particularly due to smoke from burning structures as well as wildland fuels


• Greater land management interventions are needed to reduce fire risk


• Disparities in building codes for reducing infiltration of smoke are an issue, particularly for 
sensitive groups and more vulnerable populations
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Methods and Sources 


The paved road dust category includes emissions of particulate matter (PM) from 
resuspended road surface material that are entrained by vehicular travel on public and 
industrial paved roads. Entrained paved road dust, or fugitive dust, contributes to airborne 
PM emissions throughout California. Since it is not feasible to directly measure region-wide 
emissions from travel on paved roads, the California Air Resources Board (CARB) computes 
emissions using the emission factor equation provided in the Final Section of the Fifth 
Edition, Volume 1, Chapter 13.2.1, of the U.S. EPA’s AP-42 document (January 2011).[1] The 
emission factor equation was derived from regression analyses of 83 tests for particulate 
matter emissions less than or equal to 10 microns in diameter (PM10) on public and industrial 
paved roads. Airborne PM emissions were closely correlated with vehicle weight and silt 
loading (the mass of material 75 microns or less per square meter of roadway). Inputs to the 
paved road dust emission factor equation were developed from California-specific roadway 
silt loading measurements [2.3.4.5] and average vehicle weight data measured by Midwest 
Research Institute (MRI).[5] This update estimates California paved road dust emissions for 
2017. Data from CARB, air districts, and transportation planning agencies were used to 
estimate county-specific vehicle miles traveled (VMT).[6] California Department of 
Transportation (Caltrans) Highway Performance Monitoring System (HPMS) data were used 
to estimate the fraction of travel on each of four road types in each county: freeway, major, 
collector, and local.[7,8] Gridded precipitation data from gridMET daily high-spatial resolution 
dataset were used to estimate the average number of days per year that each county within 
an air basin received 0.01 inch or greater of precipitation during 2007-2017.[9]  


Overview of Estimation Methodology 


PM10 emissions from resuspension of road surface material by vehicle travel on paved roads 
(entrained paved road dust) are computed using the emission factor equation in the Final 
Section of the U.S. EPA’s January 2011 AP-42, Fifth Edition, Volume 1, Chapter 13.2.1.[1] 
Total particulate matter emissions (PM) and particulate matter emissions less than or equal to 
2.5 microns in diameter (PM2.5) from resuspension of road surface material by vehicle travel 
on paved roads (entrained paved road dust) are computed using CARB’s speciation profile 
#471 for paved road dust as described in the CARB Speciation Profile section 
below.[12,13,14,15,16,17,28 ] Emission estimates for dust from constructing new roads are provided in 
CARB’s Road Construction Dust methodology.[11] The methodology does not include directly 
emitted motor vehicle emissions (exhaust, brake or tire wear), nor TOG, CO, NOx, SOx, or 
PM exhaust emissions; these emissions are included in CARB’s mobile source emission 
inventory.[10] 
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Emission Estimation Methodology 


The AP-42 emission factor equation used to estimate paved road dust emissions for PM10 is 
provided below, followed by a description of the inputs to the equation:[1]  


E=[k(sL)0.91 x (W)1.02] x (1-P/4N) 


Where:  


E=the particulate emission factor in units of pounds of particulate matter per VMT, 


k=the U.S. EPA AP-42 particle size multiplier (PM10=0.0022 lb/VMT),[1]  


sL=the roadway-specific silt loading in grams/square meter (g/m2),[2,3,4,5]  


W=the average weight of vehicles traveling the road (California statewide default  
=2.4 tons),[5]  


P=number of “wet” days, when at least one site per county received at least 0.01 inch  
 of precipitation during the annual averaging period,[9] and  


N=the number of days in the annual averaging period (default=365). 


Paved road dust emissions for Total PM and PM2.5 are calculated using particle size weight 
fractions from CARB’s speciation profile #471 for paved road dust.[12,13,14,15,16,17,28]  


Roadway Category Splits 


The HPMS, a federally mandated inventory system and planning tool designed to assess the 
nation’s highway system, is used by State and Federal governments and local agencies to 
analyze the system's condition and performance. HPMS provides data on VMT for seven 
functional systems, based on mobility and access considerations defined by the Federal 
Highway Administration (FHWA).[7,8] To calculate county-specific travel fractions for each 
roadway type, CARB apportioned 2017 Caltrans HPMS paved road VMT to four CARB 
roadway classifications (freeway, major, collector, and local), based on their anticipated 
usage, modes of usage, and silt loading potential.[7] As available, CARB can incorporate more 
refined travel fraction data for COABDIS regions. The 2021 update of this methodology uses 
data for unspecified roads (e.g., canals, drainage ditches) provided by air districts and 
counties as listed in the revised and updated methodology in 2018 for paved road dust.[2] 
Table 1 shows how HPMS functional systems are distributed to CARB road categories and 
provides FWHA functional system characteristics. Table 2 presents total VMT (in millions of 
miles) for 2017 for each county, air basin, and air district (COABDIS) region, and the 2017 
travel fractions used to distribute VMT to each roadway category. 
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Vehicle Miles Traveled & Travel Fractions  


CARB developed both the paved road dust planning emissions inventory and the modeling 
inventory using 2017 VMT data from CARB’s EMFAC2017 model1, and data from 
transportation planning agencies. VMT are distributed using 2017 travel fractions assigned 
using Caltrans data.2 VMT and travel factions for each COABDIS are presented in Table 2.  


Table 1. CARB Roadway Categories, Caltrans HPMS Functional Systems, and FHWA 
Functional System Characteristics 


CARB Category 
HPMS Functional 
System 


FHWA Functional System Characteristics 


Freeway Interstate 
All designated routes of the Interstate System. Provides substantial 
interstate travel, highest overall travel speeds. 


Freeway 
Principal Arterial-
Other Freeways and 
Expressways 


Highest level of mobility, highest traffic volumes and travel speeds, 
controlled access routes. Serves longest trips and through-
movement as well as access to major urban centers. Provides intra-
area travel, intra-urban and inter-city bus routes. Integrates with 
major rural connections. 


Major Principal Arterial-
Other 


Provides substantial statewide travel, links cities and larger towns, 
links to interstates and inter-county service; relatively high travel 
speeds. Can also provide service to major traffic movements, 
uncontrolled access to adjacent land. 


Major Minor Arterial 


Interconnects, augments urban principal arterial system, distributes 
travel to smaller geographic areas, may carry local bus routes. 
Serves trips of moderate length at somewhat lower mobility and 
speeds. Connects to rural collector roads. 


Collector Major Collector Primarily intra-county; shorter distances and more moderate travel 
speeds than arterials. 


Local Minor Collector Collects traffic from local roads, services smaller communities, links 
locally important traffic generators with remote areas. 


Local Local Provides access to adjacent land over relatively short distances. 


                                            
1 The latest available activity data from Metropolitan Planning Organizations were used in the development of 
this methodology. 
2 California Department of Transportation Highway Performance Monitoring System (HPMS) Vehicle Miles 
Traveled (VMT) per Day by County and Roadway Functional Classification was used to calculate 2017 travel 
fractions. 
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Table 2. 2017 Roadway Travel Fraction and VMT Estimates for California Entrained Paved 
Road Dust 


Air Basin County Air District 


2017 VMT 
(Million 
VMT per 
year) 


2017 HPMS Travel Fraction 


Freeway Major Collector 
Local,  
Local 
Urban 


Local Rural3 


GB Alpine GBU 82 0.00 0.80 0.14 0.06  


GB Inyo GBU 947 0.00 0.65 0.27 0.08  


GB Mono GBU 439 0.00 0.80 0.09 0.10  


LC Lake LAK 842 0.00 0.60 0.29 0.11  


LT El Dorado ED 426 0.14 0.63 0.10 0.12  


LT Placer PLA 340 0.43 0.30 0.11 0.15  


MC Amador AMA 385 0.00 0.69 0.14 0.17  


MC Calaveras CAL 489 0.00 0.67 0.16 0.17  


MC El Dorado ED 1,354 0.14 0.63 0.10 0.12  


MC Mariposa MPA 181 0.00 0.56 0.13 0.32  


MC Nevada NSI 1,254 0.37 0.29 0.15 0.19  


MC Placer PLA 538 0.43 0.30 0.11 0.15  


MC Plumas NSI 401 0.00 0.62 0.16 0.23  


MC Sierra NSI 142 0.31 0.29 0.12 0.28  


MC Tuolumne TUO 698 0.00 0.49 0.17 0.34  


MD Kern KER 2,064 0.42 0.37 0.09 0.12  


MD Los Angeles AV 3,782 0.44 0.44 0.07 0.05  


MD Riverside MOJ 387 0.50 0.29 0.12 0.08  


MD Riverside SC 435 0.50 0.29 0.12 0.08  


MD San Bernardino MOJ 9,022 0.52 0.32 0.09 0.07  


NC Del Norte NCU 322 0.00 0.64 0.20 0.16  


NC Humboldt NCU 1,676 0.00 0.73 0.13 0.14  


NC Mendocino MEN 1,617 0.00 0.58 0.17 0.25  


NC Sonoma NS 725 0.42 0.28 0.19 0.11  


NC Trinity NCU 488 0.00 0.57 0.10 0.33  


NCC Monterey MBU 4,261 0.48 0.27 0.14 0.11  


NCC San Benito MBU 813 0.24 0.57 0.08 0.10  


NCC Santa Cruz MBU 2,051 0.43 0.33 0.14 0.10  


NEP Lassen LAS 611 0.00 0.70 0.14 0.15  


NEP Modoc MOD 252 0.00 0.44 0.46 0.09  


                                            
3 SJU District distributes Local Roads VMT to Local and Local Rural fractions. For all other regions, the Local 
Roads fraction includes both Local and Local Rural VMT. 
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Air Basin County Air District 


2017 VMT 
(Million 
VMT per 
year) 


2017 HPMS Travel Fraction 


Freeway Major Collector 
Local,  
Local 
Urban 


Local Rural3 


NEP Siskiyou SIS 1,341 0.46 0.24 0.15 0.15  


SC Los Angeles SC 80,869 0.44 0.44 0.07 0.05  


SC Orange SC 29,362 0.50 0.39 0.04 0.08  


SC Riverside SC 17,927 0.50 0.29 0.12 0.08  


SC San Bernardino SC 15,526 0.52 0.32 0.09 0.07  


SCC San Luis Obispo SLO 2,848 0.49 0.30 0.10 0.11   


SCC Santa Barbara SB 4,026 0.37 0.37 0.15 0.10   


SCC Ventura VEN 7,549 0.24 0.57 0.11 0.09   


SD San Diego SD 30,217 0.58 0.27 0.09 0.06   


SF Alameda BA 14,328 0.57 0.26 0.07 0.09   


SF Contra Costa BA 8,276 0.50 0.37 0.09 0.04   


SF Marin BA 2,313 0.63 0.16 0.14 0.08   


SF Napa BA 1,119 0.18 0.57 0.16 0.09   


SF San Francisco BA 3,341 0.39 0.41 0.07 0.13   


SF San Mateo BA 5,960 0.63 0.27 0.05 0.05   


SF Santa Clara BA 14,706 0.49 0.37 0.06 0.07   


SF Solano BA 2,966 0.20 0.50 0.15 0.15   


SF Sonoma BA 3,083 0.42 0.28 0.19 0.11   


SJV Fresno SJU 8,437 0.35 0.30 0.12 0.17 0.06 


SJV Kern SJU 7,775 0.42 0.37 0.09 0.11 0.01 


SJV Kings SJU 1,507 0.39 0.37 0.13 0.09 0.02 


SJV Madera SJU 1,808 0.46 0.34 0.12 0.02 0.06 


SJV Merced SJU 2,830 0.49 0.27 0.12 0.08 0.04 


SJV San Joaquin SJU 7,179 0.55 0.24 0.11 0.09 0.02 


SJV Stanislaus SJU 4,118 0.35 0.33 0.19 0.11 0.01 


SJV Tulare SJU 3,974 0.41 0.27 0.14 0.13 0.05 


SS Imperial IMP 2,377 0.22 0.36 0.07 0.34   


SS Riverside SC 4,906 0.50 0.29 0.12 0.08   


SV Butte BUT 1,853 0.03 0.54 0.25 0.18   


SV Colusa COL 796 0.51 0.18 0.09 0.23   


SV Glenn GLE 749 0.65 0.14 0.13 0.08   


SV Placer PLA 3,198 0.43 0.30 0.11 0.15   


SV Sacramento SAC 12,863 0.37 0.32 0.10 0.21   


SV Shasta SHA 2,749 0.54 0.30 0.08 0.08   


SV Solano YS 3,385 0.20 0.50 0.15 0.15   


SV Sutter FR 776 0.28 0.51 0.08 0.13   
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Air Basin County Air District 


2017 VMT 
(Million 
VMT per 
year) 


2017 HPMS Travel Fraction 


Freeway Major Collector 
Local,  
Local 
Urban 


Local Rural3 


SV Tehama TEH 1,422 0.59 0.20 0.14 0.06   


SV Yolo YS 2,215 0.46 0.32 0.11 0.11   


SV Yuba FR 635 0.24 0.38 0.17 0.21   


Statewide 2017 VMT Total 358,330      


Silt Loadings 


CARB assigned silt loading values to four roadway types (freeway, major, collector, local), 
assuming that more highly traveled roadways with fewer entrance and exit points (limited 
access roadways such as freeways) have less silt loading compared to roadways with multiple 
access and exit points, and that roads with similar configurations and usage have similar silt 
loadings statewide. While CARB understands the limitations to this assumption, especially in 
computing localized emissions, our current strategy is to use the best available California 
roadway silt loading data to estimate regional entrained road dust emissions. Tables 3, 
presents the statewide default silt loading values for the four CARB roadway categories, as 
well as the derivation of several district and county specific silt loadings. Silt loadings for 
unspecified roads were provided directly by air districts and counties. Table 4 presents silt 
loading values and associated PM10 emission factors, by roadway category, for each 
COABDIS region. A summary of the data used to develop the silt loadings is provided in 
Appendix A, Table 1. The basis for the proposed silt loading values is as follows: 


Statewide Default Silt Loadings 


• Freeway-U.S. EPA AP-42 (January 2011) default.[1]  
• Major and Collector roadways-geometric mean of 31 California-specific silt 


measurements of roads with high average daily traffic (ADT) conducted by MRI[2,5] and 
the University of California, Davis (UCD).[2,3,4]  


• Local roadways-mean of 11 California-specific silt measurements of roads with low 
ADT conducted by MRI.[2,5]  


District and County Specific Silt Loadings 


• The San Joaquin Valley Air Pollution Control District (SJVAPCD) splits local roads into 
urban and rural classes and assigns separate silt loading values to each class. Local 
urban roads are assigned the statewide Local road default silt loading value. A higher 
silt loading value (derived from U.S. EPA AP-42 data) is assigned to local rural roads 
due to anticipated higher silt loading levels from agricultural activities.[2] 
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• For Major, Collector and Local roads, the portion of Los Angeles County in the South 
Coast Air Quality Management District (SCAQMD) and all portions of Orange, 
Riverside and San Bernardino counties use silt loading values based on subsets of 
measurements collected in the SCAQMD and Riverside County.[2,5] 


Table 3.a. - California Default Statewide Silt Loading Values 


Roadway Category Silt Loading (sL) (g/m2) Source of sL Value 
Freeway 0.015 U.S. EPA default value[1] 


Major 0.032 
Geometric mean of 31 California 
samples[2,3,4,5] 


Collector 0.032 
Geometric mean of 31 California 
samples[2,3,4,5] 


Local 0.32 Average of 11 California BACM 
samples[5] 


Table 3.b. - District Specific Silt Loading Values 


Roadway Category Silt Loading (sL) (g/m2) Source of sL Value 
SJVAPCDa-Local Rural (PM10) 1.6 Average sL, AP-42 Local roads[1,2] 


Table 3.c.1. - County Specific Silt Loading Values - Major, Collector 


Roadway Category Silt Loading (sL) (g/m2) Source of sL Value 


Los Angeles & Orange counties: 
Maj-Coll[LA&OR] 


0.013 


0.013=Mean of 3 of the 4 South 
Coast  
High ADTc BACMd sL 
measurements[2,5] 


Riverside & San Bernardino 
counties:  
Maj-Coll[RIV&SB] 


0.08 
0.08=Mean of all South Coast  
Low ADT BACM sL 
measurements[2,5] 


Table 3.c.2. - County Specific Silt Loading Values - Major-Collector Scaling Ratio 


Roadway Category Silt Loading (sL) (g/m2) Source of sL Value 


Maj-Coll[RIV&SB] /Maj-Coll[LA&OR] (0.08/0.013)=6.2 6.2 is used below to scale  
sL Local[LA&OR] to sL Local[RIV&SB]  


Table 3.c.3. - County Specific Silt Loading Values – Local 


Roadway Category Silt Loading (sL) (g/m2) Source of sL Value 
Los Angeles & Orange counties:  
Local[LA&OR] 


0.135 
0.135=Geometric mean of 11 CA  
High ADT sL measurements[5] 


Riverside & San Bernardino 
counties: 
Local[RIV&SB] 


Local[LA&OR] x 6.2=Local[RIV&SB] 


0.135 x 6.2=0.84 
Local[LA&OR] scaled using ratio of: 
Maj-Coll[RIV&SB] / Maj-Coll[LA&OR][2,5] 


a San Joaquin Valley Air Pollution Control District 
b Silt loadings apply to the portion of Los Angeles County in the South Coast Air Quality 
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Management District and all portions of Orange, Riverside, and San Bernardino counties 
c ADT, Average Daily Traffic 
d BACM, Best Available Control Measure 
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Table 4. 2008 Silt Loadings and PM10 Emission Factors for California Entrained Paved Road Dust Estimates 


Air Basin County Air 
District 


Silt Loadings (SL, g/m2) and PM10 Emission Factors (EF; lbs PM10/106 VMT) 
Ave. 
Vehicle 
Weight 
(tons) 


Freeway Major Collector4 
Local,  
Local UrbanError! 


Bookmark not defined. 


Local Rural5, 
Sand/Gravel 
Proc. 


SL EF SL EF SL EF SL EF SL EF 
GB Alpine GBU 0.015 108.6 0.032 216.3 0.032 216.3 0.320 1,758.4   2.4 


GB Inyo GBU 0.015 113.1 0.032 225.3 0.032 225.3 0.320 1,831.6   2.4 


GB Mono GBU 0.015 110.3 0.032 219.7 0.032 219.7 0.320 1,786.1   2.4 


LC Lake LAK 0.015 110.8 0.032 220.8 0.032 220.8 0.320 1,794.3   2.4 


LT El Dorado ED 0.015 109.5 0.032 218.2 0.032 218.2 0.320 1,773.7   2.4 


LT Placer PLA 0.015 110.0 0.032 219.1 0.032 219.1 0.320 1,781.2   2.4 


MC Amador AMA 0.015 110.6 0.032 220.4 0.032 220.4 0.320 1,791.2   2.4 


MC Calaveras CAL 0.015 111.2 0.032 221.6 0.032 221.6 0.320 1,801.2   2.4 


MC El Dorado ED 0.015 109.7 0.032 218.7 0.032 218.7 0.320 1,777.6   2.4 


MC Mariposa MPA 0.015 111.8 0.032 222.8 0.032 222.8 0.320 1,811.1   2.4 


MC Nevada NSI 0.015 109.5 0.032 218.2 0.032 218.2 0.320 1,773.8   2.4 


MC Placer PLA 0.015 109.5 0.032 218.2 0.032 218.2 0.320 1,773.3   2.4 


MC Plumas NSI 0.015 109.3 0.032 217.9 0.032 217.9 0.320 1,770.8   2.4 


MC Sierra NSI 0.015 109.4 0.032 217.9 0.032 217.9 0.320 1,771.4   2.4 


                                            
4 For Major, Collector and Local roads, the portion of Los Angeles County in the SC Air District (South Coast Air Quality Management District, 
SCAQMD) and all portions of Orange, Riverside and San Bernardino counties use silt loading values derived from a subset of measurements 
collected in the SCAQMD and Riverside County. Silt loading measurements used are presented in Appendix A, Table 1. See Tables 3 for more 
information on how silt loading values were derived. 
5 The SJU District (San Joaquin Valley Air Pollution Control District) splits local roads into urban and rural classes and uses separate silt loading 
values. A higher silt loading value derived from AP-42 data is used to compute emissions for local rural roads due to anticipated higher loading 
levels. 
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Air Basin County 
Air 
District 


Silt Loadings (SL, g/m2) and PM10 Emission Factors (EF; lbs PM10/106 VMT) 
Ave. 
Vehicle 
Weight 
(tons) 


Freeway Major Collector4 
Local,  
Local UrbanError! 


Bookmark not defined. 


Local Rural5, 
Sand/Gravel 
Proc. 


SL EF SL EF SL EF SL EF SL EF 
MC Tuolumne TUO 0.015 110.2 0.032 219.5 0.032 219.5 0.320 1,784.5   2.4 


MD Kern  KER 0.015 113.6 0.032 226.4 0.032 226.4 0.320 1,840.0   2.4 


MD 
Los 
Angeles 


AV 0.015 114.4 0.032 227.9 0.032 227.9 0.320 1,852.2   2.4 


MD Riverside MOJ 0.015 115.7 0.080 530.7 0.080 530.7 0.840 4,509.3   2.4 


MD Riverside SC 0.015 115.4 0.080 529.5 0.080 529.5 0.840 4,499.0   2.4 


MD  
San 
Bernardin
o 


MOJ 0.015 114.0 0.080 523.0 0.080 523.0 0.840 4,444.2   2.4 


NC  Del Norte NCU 0.015 106.1 0.032 211.5 0.032 211.5 0.320 1,719.2   2.4 


NC  Humboldt NCU 0.015 107.3 0.032 213.9 0.032 213.9 0.320 1,738.5   2.4 


NC  
Mendocin
o MEN 0.015 109.8 0.032 218.7 0.032 218.7 0.320 1,778.0   2.4 


NC  Sonoma NS 0.015 111.2 0.032 221.7 0.032 221.7 0.320 1,801.7   2.4 


NC  Trinity NCU 0.015 108.5 0.032 216.3 0.032 216.3 0.320 1,757.8   2.4 


NCC Monterey MBU 0.015 112.6 0.032 224.3 0.032 224.3 0.320 1,823.5   2.4 


NCC San Benito MBU 0.015 113.1 0.032 225.3 0.032 225.3 0.320 1,831.2   2.4 


NCC Santa Cruz MBU 0.015 112.0 0.032 223.1 0.032 223.1 0.320 1,813.7   2.4 


NEP Lassen LAS 0.015 109.2 0.032 217.6 0.032 217.6 0.320 1,768.5   2.4 


NEP Modoc MOD 0.015 108.1 0.032 215.5 0.032 215.5 0.320 1,751.5   2.4 


NEP Siskiyou SIS 0.015 106.3 0.032 211.8 0.032 211.8 0.320 1,721.7   2.4 


SC 
Los 
Angeles SC 0.015 113.9 0.013 100.0 0.013 100.0 0.140 869.5   2.4 


SC Orange SC 0.015 114.1 0.013 100.2 0.013 100.2 0.140 871.3   2.4 


SC Riverside SC 0.015 113.5 0.080 520.7 0.080 520.7 0.840 4,424.5   2.4 
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Air Basin County 
Air 
District 


Silt Loadings (SL, g/m2) and PM10 Emission Factors (EF; lbs PM10/106 VMT) 
Ave. 
Vehicle 
Weight 
(tons) 


Freeway Major Collector4 
Local,  
Local UrbanError! 


Bookmark not defined. 


Local Rural5, 
Sand/Gravel 
Proc. 


SL EF SL EF SL EF SL EF SL EF 


SC 
San 
Bernardin
o 


SC 0.015 113.2 0.080 519.2 0.080 519.2 0.840 4,411.9   2.4 


SCC San Luis 
Obispo 


SLO 0.015 113.3 0.032 225.8 0.032 225.8 0.320 1,835.3   2.4 


SCC Santa 
Barbara 


SB 0.015 113.8 0.032 226.7 0.032 226.7 0.320 1,842.9   2.4 


SCC Ventura VEN 0.015 114.1 0.032 227.4 0.032 227.4 0.320 1,848.5   2.4 


SD San Diego SD 0.015 113.3 0.032 225.8 0.032 225.8 0.320 1,835.5   2.4 


SF Alameda BA 0.015 112.4 0.032 224.1 0.032 224.1 0.320 1,821.4   2.4 


SF 
Contra 
Costa BA 0.015 112.4 0.032 224.0 0.032 224.0 0.320 1,820.9   2.4 


SF Marin BA 0.015 111.7 0.032 222.6 0.032 222.6 0.320 1,809.5   2.4 


SF Napa BA 0.015 112.1 0.032 223.5 0.032 223.5 0.320 1,816.5   2.4 


SF San 
Francisco 


BA 0.015 112.4 0.032 224.0 0.032 224.0 0.320 1,820.9   2.4 


SF San Mateo BA 0.015 111.7 0.032 222.5 0.032 222.5 0.320 1,808.8   2.4 


SF 
Santa 
Clara BA 0.015 112.6 0.032 224.3 0.032 224.3 0.320 1,823.0   2.4 


SF Solano BA 0.015 112.4 0.032 224.1 0.032 224.1 0.320 1,821.4   2.4 


SF Sonoma BA 0.015 111.7 0.032 222.6 0.032 222.6 0.320 1,809.5   2.4 


SJV Fresno SJU 0.015 112.0 0.032 223.2 0.032 223.2 0.320 1,814.3 1.600 7,848.1 2.4 


SJV Kern SJU 0.015 113.6 0.032 226.4 0.032 226.4 0.320 1,839.9 1.600 7,958.9 2.4 


SJV Kings SJU 0.015 114.3 0.032 227.7 0.032 227.7 0.320 1,851.0 1.600 8,007.1 2.4 


SJV Madera SJU 0.015 111.8 0.032 222.9 0.032 222.9 0.320 1,811.4 1.600 7,835.8 2.4 


SJV Merced SJU 0.015 113.3 0.032 225.8 0.032 225.8 0.320 1,835.7 1.600 7,940.9 2.4 
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Air Basin County 
Air 
District 


Silt Loadings (SL, g/m2) and PM10 Emission Factors (EF; lbs PM10/106 VMT) 
Ave. 
Vehicle 
Weight 
(tons) 


Freeway Major Collector4 
Local,  
Local UrbanError! 


Bookmark not defined. 


Local Rural5, 
Sand/Gravel 
Proc. 


SL EF SL EF SL EF SL EF SL EF 


SJV 
San 
Joaquin SJU 0.015 113.1 0.032 225.4 0.032 225.4 0.320 1,832.4 1.600 7,926.6 2.4 


SJV Stanislaus SJU 0.015 113.2 0.032 225.6 0.032 225.6 0.320 1,833.7 1.600 7,932.2 2.4 


SJV Tulare SJU 0.015 112.3 0.032 223.8 0.032 223.8 0.320 1,819.5 1.600 7,870.6 2.4 


SS Imperial IMP 0.015 115.7 0.032 230.5 0.032 230.5 0.320 1,873.9   2.4 


SS Riverside SC 0.015 114.4 0.080 524.9 0.080 524.9 0.840 4,460.2   2.4 


SV Butte BUT 0.015 110.6 0.032 220.3 0.032 220.3 0.320 1,790.7   2.4 


SV Colusa COL 0.015 112.0 0.032 223.1 0.032 223.1 0.320 1,813.7   2.4 


SV Glenn GLE 0.015 111.5 0.032 222.2 0.032 222.2 0.320 1,805.7   2.4 


SV Placer PLA 0.015 112.2 0.032 223.7 0.032 223.7 0.320 1,818.1   2.4 


SV 
Sacrament
o SAC 0.015 112.7 0.032 224.5 0.032 224.5 0.320 1,825.2   2.4 


SV Shasta SHA 0.015 109.0 0.032 217.2 0.032 217.2 0.320 1,765.9   2.4 


SV Solano YS 0.015 112.7 0.032 224.5 0.032 224.5 0.320 1,824.8   2.4 


SV Sutter FR 0.015 112.5 0.032 224.2 0.032 224.2 0.320 1,822.6   2.4 


SV Tehama TEH 0.015 110.0 0.032 219.2 0.032 219.2 0.320 1,781.9   2.4 


SV Yolo YS 0.015 112.6 0.032 224.4 0.032 224.4 0.320 1,824.1   2.4 


SV Yuba FR 0.015 111.1 0.032 221.4 0.032 221.4 0.320 1,799.8   2.4 


Vehicle Weight Estimates 


The estimated statewide average vehicle weight is based on an informal traffic count conducted by MRI while 
performing California silt loading measurements.[2,5] The statewide default fleet vehicle weight is 2.4 tons; Table 4 
contains fleet vehicle weights. 
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Rainfall Adjustment 


Table 5 shows the average number of days per year each county within an air basin received 0.01 inch or more of 
precipitation during the 2007-2017 time period.[9]  
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Table 5. Annual Rainfall Days[9]: Average Days per Year that California Counties Received 
0.01 Inch or Greater Precipitation Over 2007-20176  


Air Basin County Air District Annual Rainfall Days 
GBV Alpine GBU 112 
GBV Inyo GBU 56 
GBV Mono GBU 91 
LC Lake LAK 85 
LT El Dorado ED 101 
LT Placer PLA 95 
MC Amador AMA 87 
MC Calaveras CAL 80 
MC El Dorado ED 98 
MC Mariposa MPA 72 
MC Nevada NSI 101 
MC Placer PLA 101 
MC Plumas NSI 103 
MC Sierra NSI 102 
MC Tuolumne TUO 92 
MD Kern KER 50 
MD Los Angeles AV 41 
MD Riverside MOJ 24 
MD Riverside SC 27 
MD San Bernardino MOJ 45 
NC Del Norte NCU 142 
NC Humboldt NCU 128 
NC Mendocino MEN 97 
NC Sonoma NS 79 
NC Trinity NCU 113 
NCC Monterey MBU 63 
NCC San Benito MBU 57 
NCC Santa Cruz MBU 70 
NEP Lassen LAS 105 
NEP Modoc MOD 118 
NEP Siskiyou SIS 141 
SC Los Angeles SC 46 
SC Orange SC 43 
SC Riverside SC 51 
SC San Bernardino SC 55 
SCC San Luis Obispo SLO 54 
SCC Santa Barbara SB 48 
SCC Ventura VEN 43 
SD San Diego SD 53 


                                            
6Average daily precipitation data for 2007-2017 was obtained from gridMET 
http://www.climatologylab.org/gridmet.html 



https://gcc01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.climatologylab.org%2Fgridmet.html&data=02%7C01%7Calejandra.cervantes%40arb.ca.gov%7C68d7bc1e64024553e07508d83249206a%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C637314636935103771&sdata=l0tMzaFJAlRjf6griLP6g%2FNIKw4IzmG3j1SH6pyMqTg%3D&reserved=0
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Air Basin County Air District Annual Rainfall Days 
SF Alameda BA 64 
SF Contra Costa BA 65 
SF Marin BA 73 
SF Napa BA 68 
SF San Francisco BA 65 
SF San Mateo BA 74 
SF Santa Clara BA 63 
SF Solano BA 64 
SF Sonoma BA 73 
SJV Fresno SJU 70 
SJV Kern SJU 50 
SJV Kings SJU 41 
SJV Madera SJU 72 
SJV Merced SJU 53 
SJV San Joaquin SJU 56 
SJV Stanislaus SJU 55 
SJV Tulare SJU 66 
SS Imperial IMP 24 
SS Riverside SC 40 
SV Butte BUT 88 
SV Colusa COL 70 
SV Glenn GLE 76 
SV Placer PLA 67 
SV Sacramento SAC 61 
SV Shasta SHA 107 
SV Solano YS 62 
SV Sutter FR 63 
SV Tehama TEH 94 
SV Yolo YS 62 
SV Yuba FR 81 


Particle Size Weight Fractions-Carb Speciation Profiles 


CARB’s database system maintains particulate emissions as Total PM (total particulate 
matter) using CARB’s speciation profile #471 for paved road dust (see Table 6, below), based 
on paved road dust sampling conducted in California and on evaluations conducted by CARB 
and MRI.[12,13,14,15,16,17,18]. It is estimated that PM10 is 45.72% of Total PM. Based on 2006 
updates to CARB speciation profiles for PM2.5 (particulate matter less than 2.5 microns in 
diameter), PM2.5 is estimated to be 6.86% of Total PM, or 15% of PM10.


[15] 


Total PM=PM10/0.4572 
PM2.5=[PM10 x (0.0686/0.4572)] 


= PM10 x 15% 
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Table 6. CARB Paved Road Dust Particulate Matter (PM) Weight Fractions Speciation 
Profile #471 


Particulate Matter Size Fraction of Total PM 
PM2.5 ≤ PM2.5 0.0686 


PM10 ≤ PM10 0.4572 


PM > PM10 0.5428 


Total PM All PM 1.0000 


Statewide Total PM, PM10 and PM2.5 emissions (tons/year) for 2017 are presented in Tables 
7.1, 7.2, and 7.3 by COABDIS region and roadway type, along with total VMT.  


Paved Road Dust PM Emission Estimates 


Table 4 presents PM10 emission factors (lbs PM10/106 VMT) and roadway silt loadings (g/m2), 
by COABDIS region and roadway type. Tables 7.1, 7.2, and 7.3 present uncontrolled paved 
road dust Total PM, PM10, and PM2.5 emissions (tons/year) for 2017, respectively by paved 
road category within COABDIS region, except for SCAQMD Unspecified Roads, which reflect 
District controls.
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Table 7.1. 2017 Entrained Road Dust Emissions for Total PM 


Air Basin County Air District 


2017 
VMT 
(Million 
VMT 
per year) 


2017 Paved Road Dust PM Emissions, tons/year 


Freeway Major Collector Local7 


Local 
Rural, 
Sand/ 
Gravel 
Proc.8 


Total PM  
Emissions 


GBV Alpine GBU 82 0.00 15.56 2.62 9.60  27.78 


GBV Inyo GBU 947 0.00 151.91 63.25 148.91  364.07 


GBV Mono GBU 439 0.00 84.78 9.85 89.31  183.94 


LC Lake LAK 842 0.00 121.09 59.65 183.16  363.89 


LT El Dorado ED 426 7.31 63.97 10.38 103.22  184.88 


LT Placer PLA 340 17.68 24.60 9.02 102.08  153.37 


MC Amador AMA 385 0.00 63.53 13.26 129.57  206.35 


MC Calaveras CAL 489 0.00 79.17 18.85 167.40  265.42 


MC El Dorado ED 1,354 23.28 203.81 33.08 328.86  589.02 


MC Mariposa MPA 181 0.00 24.63 5.57 113.77  143.97 


MC Nevada NSI 1,254 56.04 86.59 44.53 458.58  645.74 


MC Placer PLA 538 27.90 38.82 14.23 161.10  242.04 


MC Plumas NSI 401 0.00 59.01 14.90 175.08  248.99 


MC Sierra NSI 142 5.22 9.90 4.12 77.28  96.51 


                                            
7 As with the previous version of this methodology, the current 2021 update notes that SJU District splits local roads into local and local 
rural classes, and uses separate silt loading values. Due to anticipated higher silt loading levels, a higher silt loading value derived from 
AP-42 data is used in computing emissions for local rural roads. Local emissions include only local urban roadways. Local rural emissions 
are captured under the “Local Rural, Sand/Gravel Proc.” roadway category. 
8 The updated 2021 methodology uses the same emissions as the 2018 update provided by SC District (South Coast Air Quality 
Management District, SCAQMD) from paved roads at sand and gravel processing facilities (Unspecified Paved Roads). 
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Air Basin County Air District 


2017 
VMT 
(Million 
VMT 
per year) 


2017 Paved Road Dust PM Emissions, tons/year 


Freeway Major Collector Local7 


Local 
Rural, 
Sand/ 
Gravel 
Proc.8 


Total PM  
Emissions 


MC Tuolumne TUO 698 0.00 82.23 29.04 458.04  569.31 


MD Kern  KER 2,064 106.51 189.43 46.84 508.51  851.30 


MD Los Angeles AV 3,782 209.85 417.66 63.46 351.96  1,042.94 


MD Riverside MOJ 387 24.39 65.59 27.88 161.80  279.66 


MD Riverside SC 435 27.37 73.61 31.29 181.59  313.87 


MD San Bernardino MOJ 9,021 586.05 1,648.37 458.72 3,096.90  5,790.05 


NC  Del Norte NCU 322 0.00 47.57 15.17 95.15  157.89 


NC  Humboldt NCU 1,676 0.00 286.29 51.08 444.54  781.91 


NC  Mendocino MEN 1,617 0.33 224.51 65.34 781.97  1,072.14 


NC  Sonoma NS 725 37.18 49.76 32.53 157.44  276.91 


NC  Trinity NCU 488 0.00 65.59 11.99 306.89  384.48 


NCC Monterey MBU 4,261 251.73 285.82 143.41 930.28  1,611.24 


NCC San Benito MBU 813 24.41 114.66 17.01 162.65  318.74 


NCC Santa Cruz MBU 2,051 109.15 163.80 70.42 396.09  739.46 


NEP Lassen LAS 611 0.00 102.25 20.95 180.33  303.54 


NEP Modoc MOD 252 0.00 26.34 27.35 45.72  99.42 


NEP Siskiyou SIS 1,341 72.02 74.68 45.64 380.41  572.75 


SC Los Angeles SC 80,869 4,468.90 3,918.42 595.40 3,532.38 577.87 13,092.97 


SC Orange SC 29,362 1,825.63 1,251.59 114.31 2,163.46 170.73 5,525.71 


SC Riverside SC 17,927 1,109.53 2,983.85 1,268.30 7,360.59 302.06 13,024.32 


SC San Bernardino SC 15,526 1,001.30 2,816.31 783.75 5,291.20 262.66 10,155.22 


SCC San Luis Obispo SLO 2,848 173.86 207.89 73.52 613.11  1,068.38 
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Air Basin County Air District 


2017 
VMT 
(Million 
VMT 
per year) 


2017 Paved Road Dust PM Emissions, tons/year 


Freeway Major Collector Local7 


Local 
Rural, 
Sand/ 
Gravel 
Proc.8 


Total PM  
Emissions 


SCC Santa Barbara SB 4,026 186.32 371.10 153.01 835.45  1,545.88 


SCC Ventura VEN 7,549 222.08 1,061.69 204.26 1,372.88  2,860.91 


SD San Diego SD 30,217 2,161.04 1,983.84 695.36 3,874.08  8,714.31 


SF Alameda BA 14,328 1,000.56 930.28 257.57 2,677.63  4,866.04 


SF Contra Costa BA 8,276 505.67 753.28 183.11 679.80  2,121.86 


SF Marin BA 2,313 177.78 88.59 77.84 344.56  688.77 


SF Napa BA 1,119 25.36 156.04 43.43 191.20  416.03 


SF San Francisco BA 3,341 161.11 337.75 56.34 839.42  1,394.62 


SF San Mateo BA 5,960 461.71 389.70 71.79 559.61  1,482.80 


SF Santa Clara BA 14,706 895.58 1,324.23 232.25 2,161.99  4,614.05 


SF Solano BA 2,966 74.54 360.11 112.63 857.44  1,404.73 


SF Sonoma BA 3,083 158.80 212.56 138.96 672.47  1,182.78 


SJV Fresno SJU 8,437 360.97 624.05 247.36 2,804.54 4,349.79 8,386.71 


SJV Kern SJU 7,775 401.11 713.36 176.39 1,716.56 858.20 3,865.61 


SJV Kings SJU 1,507 73.70 139.03 48.00 285.66 219.49 765.87 


SJV Madera SJU 1,808 100.82 150.05 52.99 68.92 992.47 1,365.25 


SJV Merced SJU 2,830 170.49 191.52 82.43 453.15 1,034.67 1,932.26 


SJV San Joaquin SJU 7,179 487.27 430.64 187.87 1,237.63 992.15 3,335.55 


SJV Stanislaus SJU 4,118 178.54 334.04 197.29 935.77 478.89 2,124.55 


SJV Tulare SJU 3,974 199.41 266.63 131.51 1,036.75 1,752.29 3,386.60 


SS Imperial IMP 2,377 66.80 217.38 44.78 1,657.85  1,986.81 


SS Riverside SC 4,906 306.10 823.21 349.91 2,030.70  3,509.92 
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Air Basin County Air District 


2017 
VMT 
(Million 
VMT 
per year) 


2017 Paved Road Dust PM Emissions, tons/year 


Freeway Major Collector Local7 


Local 
Rural, 
Sand/ 
Gravel 
Proc.8 


Total PM  
Emissions 


SV Butte BUT 1,853 6.04 239.09 113.02 668.00  1,026.15 


SV Colusa COL 796 49.67 34.50 16.91 357.26  458.34 


SV Glenn GLE 749 59.47 25.36 23.34 119.65  227.81 


SV Placer PLA 3,198 169.88 236.39 86.65 981.03  1,473.95 


SV Sacramento SAC 12,863 587.13 1,016.63 310.18 5,379.98  7,293.92 


SV Shasta SHA 2,749 177.47 192.73 52.32 441.82  864.33 


SV Solano YS 3,385 85.24 411.80 128.79 980.50  1,606.34 


SV Sutter FR 776 26.43 97.65 15.04 203.22  342.33 


SV Tehama TEH 1,422 101.18 69.26 48.41 175.44  394.30 


SV Yolo YS 2,215 124.90 172.25 61.66 493.66  852.46 


SV Yuba FR 635 18.58 57.70 26.26 267.14  369.68 


Statewide Totals 358,330 19,947.40 30,536.01 8,924.35 67,210.68 11,991.27 138,609.71 
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Table 7.2. 2017 Entrained Road Dust Emissions for PM10 


Air Basin County Air District 
2017 VMT 
(Million VMT  
per year) 


2017 Paved Road Dust PM10 Emissions, tons/year 


Freeway Major Collector Local9 
Local Rural,  
Sand/Gravel 
Proc.10 


Total PM10  
Emissions 


GBV Alpine GBU 82 0.00 7.11 1.20 4.39  12.70 


GBV Inyo GBU 947 0.00 69.45 28.92 68.08  166.45 


GBV Mono GBU 439 0.00 38.76 4.50 40.83  84.10 


LC Lake LAK 842 0.00 55.36 27.27 83.74  166.37 


LT El Dorado ED 426 3.34 29.25 4.75 47.19  84.53 


LT Placer PLA 340 8.08 11.25 4.12 46.67  70.12 


MC Amador AMA 385 0.00 29.05 6.06 59.24  94.34 


MC Calaveras CAL 489 0.00 36.20 8.62 76.53  121.35 


MC El Dorado ED 1,354 10.64 93.18 15.12 150.36  269.30 


MC Mariposa MPA 181 0.00 11.26 2.55 52.01  65.82 


MC Nevada NSI 1,254 25.62 39.59 20.36 209.66  295.23 


MC Placer PLA 538 12.75 17.75 6.51 73.65  110.66 


MC Plumas NSI 401 0.00 26.98 6.81 80.05  113.84 


MC Sierra NSI 142 2.39 4.52 1.88 35.33  44.13 


MC Tuolumne TUO 698 0.00 37.60 13.28 209.42  260.29 


MD Kern  KER 2,064 48.70 86.61 21.42 232.49  389.21 


                                            
9 As with the previous version of this methodology, the current 2021 update notes that SJU District splits local roads into local and local rural 
classes, and uses separate silt loading values. Due to anticipated higher silt loading levels, a higher silt loading value derived from AP-42 data is 
used in computing emissions for local rural roads. Local emissions include only local urban roadways. Local rural emissions are captured under 
the “Local Rural, Sand/Gravel Proc.” roadway category. 
10 The updated 2021 methodology uses the same emissions as the 2018 update provided by SC District (South Coast Air Quality Management 
District, SCAQMD) from paved roads at sand and gravel processing facilities (Unspecified Paved Roads). 
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Air Basin County Air District 
2017 VMT 
(Million VMT  
per year) 


2017 Paved Road Dust PM10 Emissions, tons/year 


Freeway Major Collector Local9 
Local Rural,  
Sand/Gravel 
Proc.10 


Total PM10  
Emissions 


MD Los Angeles AV 3,782 95.95 190.96 29.02 160.92  476.83 


MD Riverside MOJ 387 11.15 29.99 12.75 73.97  127.86 


MD Riverside SC 435 12.52 33.66 14.31 83.02  143.50 


MD  San Bernardino MOJ 9,021 267.94 753.63 209.73 1,415.90  2,647.21 


NC  Del Norte NCU 322 0.00 21.75 6.94 43.50  72.19 


NC  Humboldt NCU 1,676 0.00 130.89 23.35 203.24  357.49 


NC  Mendocino MEN 1,617 0.15 102.65 29.87 357.52  490.18 


NC  Sonoma NS 725 17.00 22.75 14.87 71.98  126.60 


NC  Trinity NCU 488 0.00 29.99 5.48 140.31  175.78 


NCC Monterey MBU 4,261 115.09 130.68 65.57 425.32  736.66 


NCC San Benito MBU 813 11.16 52.42 7.78 74.36  145.73 


NCC Santa Cruz MBU 2,051 49.90 74.89 32.20 181.09  338.08 


NEP Lassen LAS 611 0.00 46.75 9.58 82.45  138.78 


NEP Modoc MOD 252 0.00 12.04 12.50 20.91  45.45 


NEP Siskiyou SIS 1,341 32.93 34.14 20.87 173.92  261.86 


SC Los Angeles SC 80,869 2,043.18 1,791.50 272.22 1,615.01 264.20 5,986.10 


SC Orange SC 29,362 834.68 572.23 52.26 989.13 78.06 2,526.36 


SC Riverside SC 17,927 507.28 1,364.22 579.87 3,365.26 138.10 5,954.72 


SC San Bernardino SC 15,526 457.79 1,287.62 358.33 2,419.13 120.09 4,642.97 


SCC San Luis Obispo SLO 2,848 79.49 95.05 33.61 280.31  488.46 


SCC Santa Barbara SB 4,026 85.19 169.67 69.95 381.97  706.77 


SCC Ventura VEN 7,549 101.54 485.41 93.39 627.68  1,308.01 


SD San Diego SD 30,217 988.03 907.01 317.92 1,771.23  3,984.18 


SF Alameda BA 14,328 457.46 425.33 117.76 1,224.21  2,224.76 
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Air Basin County Air District 
2017 VMT 
(Million VMT  
per year) 


2017 Paved Road Dust PM10 Emissions, tons/year 


Freeway Major Collector Local9 
Local Rural,  
Sand/Gravel 
Proc.10 


Total PM10  
Emissions 


SF Contra Costa BA 8,276 231.19 344.40 83.72 310.81  970.11 


SF Marin BA 2,313 81.28 40.50 35.59 157.53  314.91 


SF Napa BA 1,119 11.60 71.34 19.86 87.42  190.21 


SF San Francisco BA 3,341 73.66 154.42 25.76 383.78  637.62 


SF San Mateo BA 5,960 211.09 178.17 32.82 255.85  677.94 


SF Santa Clara BA 14,706 409.46 605.44 106.18 988.46  2,109.54 


SF Solano BA 2,966 34.08 164.64 51.49 392.02  642.24 


SF Sonoma BA 3,083 72.60 97.18 63.53 307.45  540.77 


SJV Fresno SJU 8,437 165.04 285.32 113.09 1,282.23 1,988.72 3,834.40 


SJV Kern SJU 7,775 183.39 326.15 80.64 784.81 392.37 1,767.36 


SJV Kings SJU 1,507 33.69 63.56 21.95 130.60 100.35 350.16 


SJV Madera SJU 1,808 46.09 68.60 24.23 31.51 453.76 624.19 


SJV Merced SJU 2,830 77.95 87.56 37.69 207.18 473.05 883.43 


SJV San Joaquin SJU 7,179 222.78 196.89 85.89 565.84 453.61 1,525.02 


SJV Stanislaus SJU 4,118 81.63 152.72 90.20 427.84 218.95 971.34 


SJV Tulare SJU 3,974 91.17 121.90 60.13 474.00 801.15 1,548.35 


SS Imperial IMP 2,377 30.54 99.39 20.47 757.97  908.37 


SS Riverside SC 4,906 139.95 376.37 159.98 928.44  1,604.74 


SV Butte BUT 1,853 2.76 109.31 51.67 305.41  469.16 


SV Colusa COL 796 22.71 15.77 7.73 163.34  209.55 


SV Glenn GLE 749 27.19 11.59 10.67 54.70  104.16 


SV Placer PLA 3,198 77.67 108.08 39.62 448.52  673.89 


SV Sacramento SAC 12,863 268.44 464.80 141.82 2,459.72  3,334.78 


SV Shasta SHA 2,749 81.14 88.11 23.92 202.00  395.17 
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Air Basin County Air District 
2017 VMT 
(Million VMT  
per year) 


2017 Paved Road Dust PM10 Emissions, tons/year 


Freeway Major Collector Local9 
Local Rural,  
Sand/Gravel 
Proc.10 


Total PM10  
Emissions 


SV Solano YS 3,385 38.97 188.27 58.88 448.29  734.42 


SV Sutter FR 776 12.08 44.64 6.87 92.91  156.51 


SV Tehama TEH 1,422 46.26 31.66 22.14 80.21  180.27 


SV Yolo YS 2,215 57.10 78.75 28.19 225.70  389.75 


SV Yuba FR 635 8.50 26.38 12.00 122.14  169.02 


Statewide Totals 358,330 9,119.95 13,961.06 4,080.21 30,728.73 5,842.41 63,372.36 


Table 7.3. 2017 Entrained Road Dust Emissions for PM2.5 


Air Basin County Air District 
2017 VMT 
(Million VMT  
per year) 


2017 Paved Road Dust PM2.5 Emissions, tons/year 


Freeway Major Collector Local11 
Local Rural,  
Sand/Gravel 
Proc.12 


Total PM2.5  
Emissions 


GBV Alpine GBU 82 0.00 1.07 0.18 0.66  1.91 


GBV Inyo GBU 947 0.00 10.42 4.34 10.21  24.97 


GBV Mono GBU 439 0.00 5.81 0.68 6.13  12.61 


LC Lake LAK 842 0.00 8.30 4.09 12.56  24.96 


LT El Dorado ED 426 0.50 4.39 0.71 7.08  12.68 


LT Placer PLA 340 1.21 1.69 0.62 7.00  10.52 


                                            
11 As with the previous version of this methodology, the current 2021 update notes that SJU District splits local roads into local and local rural 
classes, and uses separate silt loading values. Due to anticipated higher silt loading levels, a higher silt loading value derived from AP-42 data is 
used in computing emissions for local rural roads. Local emissions include only local urban roadways. Local rural emissions are captured under 
the “Local Rural, Sand/Gravel Proc.” roadway category. 
12 The updated 2021 methodology uses the same emissions as the 2018 update provided by SC District (South Coast Air Quality Management 
District, SCAQMD) from paved roads at sand and gravel processing facilities (Unspecified Paved Roads). 
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Air Basin County Air District 
2017 VMT 
(Million VMT  
per year) 


2017 Paved Road Dust PM2.5 Emissions, tons/year 


Freeway Major Collector Local11 
Local Rural,  
Sand/Gravel 
Proc.12 


Total PM2.5  
Emissions 


MC Amador AMA 385 0.00 4.36 0.91 8.89  14.15 


MC Calaveras CAL 489 0.00 5.43 1.29 11.48  18.20 


MC El Dorado ED 1,354 1.60 13.98 2.27 22.55  40.40 


MC Mariposa MPA 181 0.00 1.69 0.38 7.80  9.87 


MC Nevada NSI 1,254 3.84 5.94 3.05 31.45  44.28 


MC Placer PLA 538 1.91 2.66 0.98 11.05  16.60 


MC Plumas NSI 401 0.00 4.05 1.02 12.01  17.08 


MC Sierra NSI 142 0.36 0.68 0.28 5.30  6.62 


MC Tuolumne TUO 698 0.00 5.64 1.99 31.41  39.04 


MD Kern  KER 2,064 7.30 12.99 3.21 34.87  58.38 


MD Los Angeles AV 3,782 14.39 28.64 4.35 24.14  71.52 


MD Riverside MOJ 387 1.67 4.50 1.91 11.10  19.18 


MD Riverside SC 435 1.88 5.05 2.15 12.45  21.53 


MD  San Bernardino MOJ 9,021 40.19 113.05 31.46 212.39  397.08 


NC  Del Norte NCU 322 0.00 3.26 1.04 6.53  10.83 


NC  Humboldt NCU 1,676 0.00 19.63 3.50 30.49  53.62 


NC  Mendocino MEN 1,617 0.02 15.40 4.48 53.63  73.53 


NC  Sonoma NS 725 2.55 3.41 2.23 10.80  18.99 


NC  Trinity NCU 488 0.00 4.50 0.82 21.05  26.37 


NCC Monterey MBU 4,261 17.26 19.60 9.83 63.80  110.50 


NCC San Benito MBU 813 1.67 7.86 1.17 11.15  21.86 


NCC Santa Cruz MBU 2,051 7.49 11.23 4.83 27.16  50.71 


NEP Lassen LAS 611 0.00 7.01 1.44 12.37  20.82 


NEP Modoc MOD 252 0.00 1.81 1.88 3.14  6.82 
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Air Basin County Air District 
2017 VMT 
(Million VMT  
per year) 


2017 Paved Road Dust PM2.5 Emissions, tons/year 


Freeway Major Collector Local11 
Local Rural,  
Sand/Gravel 
Proc.12 


Total PM2.5  
Emissions 


NEP Siskiyou SIS 1,341 4.94 5.12 3.13 26.09  39.28 


SC Los Angeles SC 80,869 306.48 268.73 40.83 242.25 39.63 897.92 


SC Orange SC 29,362 125.20 85.83 7.84 148.37 11.71 378.95 


SC Riverside SC 17,927 76.09 204.63 86.98 504.79 20.72 893.21 


SC San Bernardino SC 15,526 68.67 193.14 53.75 362.87 18.01 696.45 


SCC San Luis Obispo SLO 2,848 11.92 14.26 5.04 42.05  73.27 


SCC Santa Barbara SB 4,026 12.78 25.45 10.49 57.30  106.02 


SCC Ventura VEN 7,549 15.23 72.81 14.01 94.15  196.20 


SD San Diego SD 30,217 148.20 136.05 47.69 265.68  597.63 


SF Alameda BA 14,328 68.62 63.80 17.66 183.63  333.71 


SF Contra Costa BA 8,276 34.68 51.66 12.56 46.62  145.52 


SF Marin BA 2,313 12.19 6.08 5.34 23.63  47.24 


SF Napa BA 1,119 1.74 10.70 2.98 13.11  28.53 


SF San Francisco BA 3,341 11.05 23.16 3.86 57.57  95.64 


SF San Mateo BA 5,960 31.66 26.73 4.92 38.38  101.69 


SF Santa Clara BA 14,706 61.42 90.82 15.93 148.27  316.43 


SF Solano BA 2,966 5.11 24.70 7.72 58.80  96.34 


SF Sonoma BA 3,083 10.89 14.58 9.53 46.12  81.12 


SJV Fresno SJU 8,437 24.76 42.80 16.96 192.34 298.31 575.16 


SJV Kern SJU 7,775 27.51 48.92 12.10 117.72 58.86 265.10 


SJV Kings SJU 1,507 5.05 9.53 3.29 19.59 15.05 52.52 


SJV Madera SJU 1,808 6.91 10.29 3.63 4.73 68.06 93.63 


SJV Merced SJU 2,830 11.69 13.13 5.65 31.08 70.96 132.51 


SJV San Joaquin SJU 7,179 33.42 29.53 12.88 84.88 68.04 228.75 
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Air Basin County Air District 
2017 VMT 
(Million VMT  
per year) 


2017 Paved Road Dust PM2.5 Emissions, tons/year 


Freeway Major Collector Local11 
Local Rural,  
Sand/Gravel 
Proc.12 


Total PM2.5  
Emissions 


SJV Stanislaus SJU 4,118 12.24 22.91 13.53 64.18 32.84 145.70 


SJV Tulare SJU 3,974 13.68 18.29 9.02 71.10 120.17 232.25 


SS Imperial IMP 2,377 4.58 14.91 3.07 113.70  136.26 


SS Riverside SC 4,906 20.99 56.46 24.00 139.27  240.71 


SV Butte BUT 1,853 0.41 16.40 7.75 45.81  70.37 


SV Colusa COL 796 3.41 2.37 1.16 24.50  31.43 


SV Glenn GLE 749 4.08 1.74 1.60 8.21  15.62 


SV Placer PLA 3,198 11.65 16.21 5.94 67.28  101.08 


SV Sacramento SAC 12,863 40.27 69.72 21.27 368.96  500.22 


SV Shasta SHA 2,749 12.17 13.22 3.59 30.30  59.28 


SV Solano YS 3,385 5.85 28.24 8.83 67.24  110.16 


SV Sutter FR 776 1.81 6.70 1.03 13.94  23.48 


SV Tehama TEH 1,422 6.94 4.75 3.32 12.03  27.04 


SV Yolo YS 2,215 8.57 11.81 4.23 33.85  58.46 


SV Yuba FR 635 1.27 3.96 1.80 18.32  25.35 


Statewide Totals 358,330 1,367.99 2,094.16 612.03 4,609.31 822.36 9,505.85 


Temporal Activity 


Total annual entrained paved road dust emissions are allocated on a monthly basis. During the wet winter months, the 
relative contribution of paved road emissions is reduced compared to non-rainy months. Table 8 presents the temporal 
adjustments used to reflect seasonal rainfall patterns for each county, by air basin. 
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Table 8. Temporal Profile for Paved Road Dust Emissions, Based on Monthly Days of Rain13,14 


Air Basin County Air District 
Monthly Rainfall Fraction 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


GBV Alpine GBU 0.082 0.081 0.081 0.082 0.083 0.087 0.087 0.086 0.087 0.083 0.082 0.080 


GBV Inyo GBU 0.080 0.079 0.084 0.084 0.084 0.089 0.083 0.084 0.086 0.085 0.084 0.079 


GBV Mono GBU 0.081 0.080 0.082 0.083 0.083 0.087 0.084 0.085 0.087 0.084 0.084 0.081 


LC Lake LAK 0.079 0.078 0.078 0.082 0.085 0.088 0.090 0.091 0.089 0.083 0.080 0.077 


LT El Dorado ED 0.081 0.080 0.079 0.082 0.083 0.087 0.088 0.088 0.087 0.084 0.082 0.079 


LT Placer PLA 0.081 0.079 0.079 0.082 0.084 0.087 0.088 0.088 0.087 0.084 0.081 0.079 


MC Amador AMA 0.080 0.078 0.079 0.082 0.082 0.088 0.090 0.090 0.087 0.084 0.081 0.079 


MC Calaveras CAL 0.080 0.077 0.078 0.082 0.083 0.088 0.090 0.090 0.087 0.084 0.081 0.079 


MC El Dorado ED 0.081 0.079 0.079 0.082 0.082 0.088 0.090 0.089 0.087 0.084 0.081 0.079 


MC Mariposa MPA 0.079 0.077 0.079 0.082 0.082 0.089 0.090 0.090 0.088 0.084 0.082 0.079 


MC Nevada NSI 0.081 0.079 0.079 0.082 0.083 0.087 0.089 0.088 0.087 0.084 0.082 0.079 


MC Placer PLA 0.081 0.079 0.079 0.082 0.083 0.087 0.089 0.088 0.087 0.084 0.081 0.079 


MC Plumas MSI 0.081 0.079 0.079 0.081 0.082 0.087 0.088 0.089 0.087 0.084 0.082 0.079 


MC Sierra NSI 0.081 0.079 0.080 0.082 0.083 0.087 0.088 0.088 0.087 0.085 0.082 0.079 


MC Tuolumne TUO 0.081 0.079 0.080 0.082 0.082 0.088 0.088 0.088 0.087 0.084 0.082 0.079 


MD Kern KER 0.077 0.076 0.081 0.083 0.086 0.089 0.088 0.088 0.088 0.084 0.082 0.077 


MD Los Angeles AV 0.076 0.076 0.082 0.084 0.088 0.090 0.087 0.087 0.087 0.084 0.082 0.077 


MD Riverside MOJ 0.080 0.082 0.087 0.086 0.090 0.090 0.080 0.076 0.082 0.086 0.084 0.077 


MD Riverside SC 0.079 0.082 0.087 0.086 0.090 0.090 0.078 0.078 0.082 0.087 0.085 0.076 


MD San Bernardino MOJ 0.079 0.081 0.086 0.085 0.088 0.090 0.079 0.078 0.084 0.085 0.086 0.079 


                                            
13 Average precipitation data for 2007-2017 was obtained from gridMET, average days per month with rainfall of 0.01 inch or greater.[9] 
14 Normalized Rainfall per Month=1- [Rain days per month/annual rain days] 
Monthly Rainfall Fraction=[Normalized Rainfall per Month]/[Total Normalized Rainfall] 
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Air Basin County Air District 
Monthly Rainfall Fraction 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


NC Del Norte NCU 0.081 0.080 0.078 0.082 0.084 0.086 0.089 0.089 0.088 0.083 0.080 0.079 


NC Humboldt NCU 0.080 0.079 0.078 0.081 0.084 0.087 0.090 0.090 0.088 0.084 0.080 0.079 


NC Mendocino MEN 0.079 0.078 0.078 0.082 0.085 0.088 0.090 0.090 0.089 0.084 0.080 0.078 


NC Sonoma NS 0.079 0.077 0.078 0.082 0.086 0.089 0.090 0.090 0.088 0.083 0.080 0.077 


NC Trinity NCU 0.081 0.079 0.078 0.082 0.084 0.087 0.089 0.089 0.088 0.084 0.081 0.079 


NCC Monterey MBU 0.078 0.075 0.079 0.083 0.086 0.090 0.090 0.091 0.089 0.084 0.080 0.076 


NCC San Benito MBU 0.077 0.075 0.080 0.082 0.086 0.090 0.090 0.090 0.090 0.084 0.080 0.076 


NCC Santa Cruz MBU 0.078 0.075 0.078 0.082 0.087 0.089 0.090 0.091 0.089 0.084 0.081 0.076 


NEP Lassen LAS 0.082 0.080 0.080 0.082 0.082 0.086 0.088 0.088 0.088 0.084 0.082 0.078 


NEP Modoc MOD 0.082 0.080 0.080 0.081 0.083 0.086 0.088 0.088 0.088 0.084 0.081 0.079 


NEP Siskiyou SIS 0.081 0.080 0.079 0.082 0.084 0.086 0.088 0.088 0.088 0.084 0.080 0.079 


SC Los Angeles SC 0.077 0.074 0.082 0.084 0.086 0.090 0.089 0.090 0.088 0.083 0.081 0.075 


SC Orange SC 0.078 0.075 0.082 0.083 0.086 0.090 0.089 0.090 0.088 0.083 0.080 0.076 


SC Riverside SC 0.078 0.077 0.083 0.083 0.086 0.090 0.087 0.086 0.086 0.085 0.082 0.077 


SC San Bernardino SC 0.080 0.077 0.082 0.083 0.086 0.090 0.086 0.086 0.086 0.085 0.083 0.077 


SCC San Luis Obispo SLO 0.077 0.072 0.081 0.082 0.087 0.090 0.091 0.091 0.089 0.082 0.081 0.077 


SCC Santa Barbara SB 0.077 0.073 0.081 0.083 0.087 0.089 0.090 0.091 0.089 0.083 0.082 0.076 


SCC Ventura VEN 0.077 0.073 0.082 0.083 0.086 0.090 0.090 0.089 0.089 0.083 0.082 0.076 


SD San Diego SD 0.079 0.077 0.083 0.084 0.087 0.090 0.087 0.086 0.085 0.085 0.082 0.076 


SF Alameda BA 0.078 0.076 0.078 0.082 0.087 0.089 0.091 0.091 0.089 0.084 0.080 0.076 


SF Contra Costa BA 0.078 0.076 0.078 0.082 0.086 0.089 0.091 0.091 0.089 0.084 0.080 0.076 


SF Marin BA 0.078 0.076 0.079 0.082 0.087 0.089 0.090 0.090 0.089 0.083 0.080 0.076 


SF Napa BA 0.078 0.076 0.078 0.082 0.086 0.089 0.091 0.091 0.089 0.084 0.080 0.076 


SF San Francisco BA 0.078 0.075 0.078 0.083 0.087 0.090 0.090 0.090 0.089 0.084 0.080 0.077 


SF San Mateo BA 0.079 0.076 0.078 0.083 0.086 0.089 0.089 0.090 0.089 0.084 0.080 0.077 
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Air Basin County Air District 
Monthly Rainfall Fraction 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


SF Santa Clara BA 0.078 0.076 0.078 0.082 0.087 0.089 0.091 0.091 0.089 0.084 0.080 0.076 


SF Solano BA 0.078 0.076 0.078 0.083 0.086 0.089 0.091 0.091 0.089 0.083 0.080 0.076 


SF Sonoma BA 0.079 0.077 0.078 0.082 0.087 0.089 0.090 0.090 0.088 0.083 0.080 0.076 


SJV Fresno SJU 0.079 0.076 0.080 0.083 0.083 0.088 0.088 0.089 0.088 0.084 0.082 0.078 


SJV Kern SJU 0.077 0.074 0.080 0.083 0.086 0.090 0.090 0.090 0.089 0.084 0.081 0.077 


SJV Kings SJU 0.077 0.073 0.080 0.083 0.087 0.090 0.090 0.091 0.090 0.085 0.081 0.075 


SJV Madera SJU 0.079 0.076 0.080 0.083 0.082 0.088 0.089 0.090 0.088 0.084 0.082 0.079 


SJV Merced SJU 0.076 0.075 0.079 0.082 0.087 0.090 0.091 0.091 0.090 0.084 0.081 0.076 


SJV San Joaquin SJU 0.077 0.075 0.079 0.082 0.086 0.089 0.091 0.091 0.090 0.084 0.080 0.076 


SJV Stanislaus SJU 0.077 0.075 0.079 0.082 0.086 0.089 0.091 0.091 0.090 0.084 0.080 0.076 


SJV Tulare SJU 0.079 0.076 0.081 0.083 0.084 0.089 0.087 0.088 0.087 0.084 0.083 0.079 


SS Imperial IMP 0.080 0.083 0.087 0.086 0.090 0.090 0.080 0.077 0.080 0.086 0.083 0.078 


SS Riverside SC 0.080 0.079 0.085 0.085 0.088 0.091 0.083 0.081 0.084 0.086 0.083 0.076 


SV Butte BUT 0.080 0.078 0.078 0.082 0.084 0.088 0.091 0.090 0.088 0.084 0.080 0.078 


SV Colusa COL 0.078 0.078 0.078 0.083 0.085 0.088 0.091 0.091 0.088 0.083 0.080 0.077 


SV Glenn GLE 0.079 0.078 0.078 0.083 0.084 0.087 0.090 0.090 0.088 0.084 0.080 0.077 


SV Placer PLA 0.079 0.076 0.078 0.083 0.085 0.089 0.091 0.091 0.089 0.084 0.080 0.076 


SV Sacramento SAC 0.078 0.076 0.079 0.082 0.085 0.089 0.091 0.091 0.089 0.084 0.080 0.076 


SV Shasta SHA 0.081 0.079 0.079 0.081 0.083 0.086 0.089 0.090 0.088 0.084 0.081 0.079 


SV Solano YS 0.078 0.076 0.078 0.083 0.086 0.089 0.091 0.091 0.089 0.084 0.081 0.076 


SV Sutter FR 0.077 0.077 0.079 0.083 0.085 0.089 0.091 0.091 0.089 0.083 0.080 0.076 


SV Tehama TEH 0.080 0.078 0.078 0.082 0.084 0.087 0.090 0.090 0.088 0.083 0.081 0.078 


SV Yolo YS 0.078 0.077 0.078 0.083 0.085 0.089 0.091 0.091 0.089 0.084 0.081 0.076 


SV Yuba FR 0.079 0.077 0.078 0.082 0.084 0.088 0.091 0.090 0.088 0.084 0.080 0.077 
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Growth Forecasting 


In the 1997 methodology, freeways and major roads were grown based on increases in 
roadway centerline mileage, and local and collector roads were grown based on increases in 
VMT.[18] For the 2018 update, based on discussions with U.S. EPA Region IX staff, growth for 
all four roadway categories was assumed to be proportional to changes in VMT. The current 
2021 update uses the same VMT methodology as the 2018 update to estimate growth on 
roadway categories.[2] 


As with previous versions of this methodology, the current 2021 update presents 
uncontrolled paved road dust emissions. 


Assumptions and Limitations 


1. The current U.S. EPA AP-42 emission factor equation assumes that entrained paved road 
dust emissions are proportional to VMT, roadway silt loading, and average vehicle weight. 


2. The methodology assumes that roadway silt loading varies by road type, quickly reaches 
an equilibrium condition, and is adequately characterized by a roadway-specific silt 
loading factor. Thus, the emission factor varies by the type of road. 


3. The Major, Collector and Local roadway silt loadings are based on a total of 42 silt 
loading measurements collected from 1995 to 1997 in the South Coast Air Basin, 
Coachella Valley, Bakersfield and Sacramento. This does not fully represent the variability 
in California silt loading. 


4. It is assumed that the U.S. EPA PM10 particle size multiplier (i.e., the ‘k’ factor in the AP-42 
equation) reasonably represents the size distribution of California paved road dust. 


5. CARB’s speciation profile for entrained paved road dust is based on six measurements 
collected in the San Joaquin Valley and in Imperial and Mono counties and may not fully 
reflect the variability of particle size distributions throughout California. 


6. The average vehicle fleet weight is assumed to be 2.4 tons statewide. 
7. Caltrans HPMS VMT data by county for 2017 are assumed to accurately represent actual 


California roadway travel and thus the travel fractions for each roadway type.  
8. It is assumed that the average number of days per year of precipitation >0.01 inch, based 


on precipitation data for 2007-2017 time period, remains constant for each county within 
an air basin for all future years.  


9. It is assumed that the temporal profile, based on county and air basin specific monthly 
days of rainfall, provides appropriate adjustments to allocate paved road dust emissions 
on a monthly basis. 


10. This methodology informs CARB’s CEIDARS database, and is the basis of the process and 
emission transaction files. It assumes that on-road motor vehicles see peak activity at 7 
AM and 4 PM, with uniform activity on weekdays and reduced activity on weekends, 52 
weeks a year. 
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Sample Calculations 


The steps below summarize the data computations necessary to estimate the annual tons of 
paved road dust PM10 emissions in Santa Cruz County. Sample emissions calculation values 
are provided below in Table 9. 


Step 1: Travel Fractions. From Table 2, enter the road-specific travel fractions.  


Step 2: VMT. From Table 2, enter total 2017 VMT. Calculate VMT for each road category by 
multiplying total VMT by the associated travel fraction. 


Total VMT x Travel Fraction=Road Category VMT 


Step 3: Emission Factor. From Table 4, enter the emission factor for each road type. Emission 
factors (E, lbs PM10/106 VMT/year) were calculated using the U.S. EPA AP-42 PM10 emission 
factor equation shown below, with k=0.0022 lb PM10/VMT, roadway silt loadings (sL) and 
default average vehicle weight (W) of 2.4 tons from Table 4, 70 days of annual rainfall (P) 
from Table 5, and 365 days/year (N). 


E=[k(sL)0.91 x (W)1.02] x (1-P/4N) 


Step 4: Multiply each emission factor from Step 3 by the VMT data from Step 2 to compute 
annual pounds of PM10 emissions for each road type; divide by 2,000 to calculate the annual 
tons of PM10/year from paved road dust for each roadway type. Sum roadway emissions for 
total paved road dust emissions. 


(E x VMT)/2000=tons/year PM10 Road Emissions 


Step 5: Calculate PM2.5 emissions using particle size fractions for CARB’s speciation profile 
#471, shown in Table 6: 


Tons/year PM2.5=Tons/year PM10 x Fraction(<PM2.5/<PM10) 


=Tons/year PM10 x (0.0686/0.4572) 


Step 6: Calculate Total PM emissions using particle size fractions from CARB’s speciation 
profile #471, shown in Table 6: 


Tons/year Total PM=Tons/year PM10 / 0.4572 
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Table 9. Estimating Paved Road Dust Emissions in Santa Cruz County15 


Steps Values Source 
CARB Roadway Category 
Freeway Major Collector Local Totals 


1 Travel Fractions Table 2 0.43 0.33 0.14 0.10 1 


2 2017 VMT (million/yr) Table 2 891.35 671.25 288.60 199.69 2,051 


3 
Emission Factor PM10 
(lbs PM10/million VMT) Table 4 112.00 223.1 223.1 1,813.7  


4 
PM10 Emissions, 
tons/yr Table 7.2 49.90 74.89 32.20 181.09 338.08 


5 
PM2.5 Emissions, 
tons/yr Table 7.3 7.49 11.23 4.83 27.16 50.71 


6 PM Emissions, 
tons/yr 


Table 7.1 109.15 163.80 70.42 396.09 739.46 


Changes in the Methodology 


There were several revisions in the paved road dust emission estimates for this update. These 
include: 


1. Updated VMT data based on EMFAC2017 and the latest available activity data from 
the transportation planning agencies (annualized VMT per average weekday) for the 
year 2017.[6] 


2. Updated fractions of vehicle miles traveled on Freeway, Major, Collector, and Local 
roads (travel fractions) to reflect 2017 Caltrans HPMS data.[7,8] 


3. Updated average number of days per year that each county within an air basin 
received 0.01 inch or more of precipitation during 2007-2017 using gridMET 
precipitation data.[9] 


4. Updated entrained road dust emissions for PM10 and PM2.5, by COABDIS. The 2021 
revision also presents Total PM emissions, by COABDIS.  


The above changes increased statewide PM10 emissions for entrained paved road dust by 
about 14.54% from the previously published inventory estimates.[2]  


Comments and Recommendations 


Research is ongoing to better understand and quantify paved road dust emissions, with 
recent studies employing mobile monitoring technologies.[20,21] When available, the studies 
will be evaluated and incorporated as appropriate into this methodology. Effort is also 


                                            
15 Table 4 emission factors and Table 1 travel fractions are rounded from raw data; calculated emissions in Table 
9 will differ slightly from emissions shown in Table 7. 
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needed to better account for the variability in dust emissions based on population density, 
adjacent land uses, and geographic location. 


Silt Loading. This methodology assumes that silt loading values vary by roadway type. 
Additional research is needed to fully characterize the relationship between roadway type 
and silt loading values. Also, additional county-specific silt loading measurements are needed 
to more accurately reflect the variability of silt loading throughout California.  


Fleet Vehicle Weight. Based on a 1995 informal traffic count conducted by MRI, the average 
fleet vehicle weight is assumed to be 2.4 tons.[2,5] This value should be re-evaluated to ensure 
accurate average vehicle fleet weights are used to estimate dust emissions. Since the vehicle 
distribution among regions may vary, the evaluation should consider developing county-
specific average weights.  


Calculating Paved Road PM2.5. The Final Section of the U. S. EPA’s January 2011  


AP-42 for paved roads assigns a particle size fraction of 25% to PM2.5 (PM2.5=PM10 x 25%).[1] 
This fraction is based on test conditions that include heavy vehicles traveling at very slow 
speeds (less than 5 mph) at corn processing facilities in the Midwest, and are not 
representative of typical travel on public and industrial paved roads in California. The January 
2011 PM2.5 fraction is 60% greater than the PM2.5 particle size fraction of 15% used in the 
previous update of AP-42. 


For this update, paved road PM2.5 is calculated using CARB speciation profile #471, which 
was derived from testing conducted in the San Joaquin Valley and in Imperial and Mono 
counties.[12,13,14] CARB updated their PM2.5 fugitive dust profiles in 2006, after a review of 
recent Western Regional Air Partnership (WRAP) studies and CARB’s emission inventory vs. 
ambient air quality measurement data indicated that PM2.5 from these sources was 
overestimated in California.[15,16,17,22] The paved road PM2.5/PM10 fraction was updated from 
16.9% to 15% to more accurately reflect measured PM2.5 emissions.[15]  


Temporal Profiles. The previous update applied a single temporal profile statewide.[2] In 
2001, under the sponsorship of the Central California Ozone Study (CCOS), researchers 
developed temporal profiles for a number of area and off-road emission sources, including 
paved roads.[23,24] On a statewide basis, the temporal profile proposed by the CCOS study 
allocated an average of up to 75% of annual emissions to the summer months. However, full 
documentation was not provided for their derivation and CARB could not re-create the 
results. Based on newer research that shows minimal seasonal variation for paved road dust 
emissions, CARB developed relatively flat monthly allocations of annual paved road dust 
emissions for this update.[25,26,27] The new temporal profiles (Table 8) are calculated using 
county-specific records, within air basin, for monthly days of rain (Table 5).[9]  
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Additional Codes 


SOURCE CATEGORY GROWTH AND CONTROL CODES: 
Various 


SOURCE CATEGORY CODE POLLUTANT SPECIATION PROFILES: 
For All: PM10=471, VOC=not applicable 


SOURCE CATEGORY CODE REACTIVITY FACTORS 
Not Applicable 


Prepared By 


Janet Spencer 
April 2014 


Revised By 


Janet Spencer 
November 2016 


Updated statewide emissions to reflect 2012 VMT from EMFAC 2014 and transportation 
planning agencies. Minor editorial changes. 


Tiffanie Be 
March 2018 


Updated Table 7. Minor editorial changes. 


Alejandra Cervantes & Victoria Villa 
Air Pollution Specialists 
Area Source Improvement and Community Inventory Development Section 
Air Quality Planning and Science Division 
March 2021 


Updated statewide emissions to reflect 2017 VMT from EMFAC2017 and the latest available 
activity data from transportation planning agencies. Updated fractions of vehicle miles 
traveled on Freeway, Major, Collector, and Local roads (travel fractions) to reflect 2017 
Caltrans HPMS data. Updated annual average days of rain per month for counties receiving 
more than 0.01 in of rainfall based on rainfall data for 2007-2017 from gridMET. Minor 
editorial and structural changes.  
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Appendices 


Appendix A. Table 1. 1995-1997 Silt Loading Values HIGH Average Daily Traffic (ADT) 
Roads (> 5,000 vehicle passes/day) 


Location Date 
Silt Loading 
(g/m2) 


Sampling Location Researcher16 


South Coast Apr-95 0.012 Composite of 4 roads of same class MRI 
South Coast Jun-95 0.015 Repeat sample of above roads MRI 
South Coast Jun-95 0.011 Composite of 4 roads of same class MRI 
South Coast Jun-95 0.046 Composite of 4 roads of same class MRI 
Bakersfield Apr-95 0.054 Composite of 4 roads of same class MRI 
Bakersfield Jul-95 0.015 Repeat sample of above roads MRI 
Bakersfield Jul-95 0.051 Composite of 4 roads of same class MRI 
Bakersfield Jul-95 0.039 Composite of 4 roads of same class MRI 
Coachella Valley Apr-95 0.027 Composite of 4 roads of same class MRI 
Coachella Valley Jul-95 0.037 Repeat sample of above roads MRI 
Coachella Valley Jul-95 0.082 Composite of 4 roads of same class MRI 
Coachella Valley Jul-95 0.03 Composite of 4 roads of same class MRI 
Sacramento 1997 0.0332 Sunrise Crosswalk North UCD 
Sacramento 1997 0.0261 Sunrise Crosswalk south UCD 
Sacramento 1997 0.0184 Greenback Crosswalk West UCD 
Sacramento 1997 0.0136 Greenback Crosswalk East UCD 
Sacramento 8/23/1995 0.0543 Florin Rd East UCD 
Sacramento 8/23/1995 0.0034 Florin Road West UCD 
Sacramento 8/23/1995 0.0016 Stockton Blvd South UCD 
Sacramento 8/23/1995 0.002 Stockton Blvd North UCD 
Riverside 3/18/1997 0.065 Canyon Crest Drive UCR 
Riverside 6/5/1997 0.085 Canyon Crest Drive UCR 
Riverside 6/19/1996 0.00593 Main Street UCR 
Riverside 9/3/1996 0.00593 Main Street UCR 
Riverside 3/17/1997 0.2 Riverside Street UCR 
Riverside 5/29/1997 0.17 Riverside Street UCR 
Riverside 3/19/1997 0.19 Riverside Street UCR 


                                            
16 Researcher: 


MRI=Midwest Research Institute 
http://www.arb.ca.gov/ei/areasrc/arbmiscprocpaverddstbkgrnd.pdf 
UCR=Univ. of California, Riverside (http://aqp.engr.ucdavis.edu/Documents/DraftRoadDustreport.pdf 
UCD=Univ. of California, Davis (http://aqp.engr.ucdavis.edu/Documents/pm10_hotspot_Sunrise.pdf 



http://www.arb.ca.gov/ei/areasrc/arbmiscprocpaverddstbkgrnd.pdf

http://aqp.engr.ucdavis.edu/Documents/DraftRoadDustreport.pdf

http://aqp.engr.ucdavis.edu/Documents/pm10_hotspot_Sunrise.pdf





MISCELLANEOUS PROCESS METHODOLOGY 7.9 
Entrained Road Travel, Paved Road Dust 
Revised and Updated March 2021 
 


42 


Location Date 
Silt Loading 
(g/m2) Sampling Location Researcher16 


Riverside 6/4/1997 0.085 Riverside Street UCR 
Riverside 5/27/1997 0.38 Fogg Street UCR 
Riverside 3/26/1997 0.13 Fogg Street UCR 
Riverside 6/3/1997 0.14 Fogg Street UCR 
Geometric mean of high ADT roads=0.032 g/m2, used as California statewide default silt loading for Major 
and Collector roads. See Tables 3 for information on deriving statewide, district and county specific silt 
loading values. 


Appendix A. Table 1. 1995-1997 Silt Loading Values LOW ADT Roads (< 5,000 vehicle 
passes/day) 


Location Date 
Silt Loading 
(g/m2) 


Sampling Location Researcher 


South Coast Apr-95 0.18 Composite of 4 roads of same class MRI 


South Coast Jun-95 0.05 Repeat sample of above roads MRI 


South Coast Jun-95 0.17 Composite of 4 roads of same class MRI 


South Coast Jun-95 0.14 Composite of 4 roads of same class MRI 


Bakersfield Apr-95 0.52 Composite of 4 roads of same class MRI 


Bakersfield Jul-95 0.19 Repeat sample of above roads MRI 


Bakersfield Jul-95 0.94 Composite of 4 roads of same class MRI 


Bakersfield Jul-95 0.41 Composite of 4 roads of same class MRI 


Coachella Valley Jul-95 0.42 Repeat sample of above roads MRI 


Coachella Valley Jul-95 0.35 Composite of 4 roads of same class MRI 


Coachella Valley Jul-95 0.2 Composite of 4 roads of same class MRI 
Mean of low ADT roads=0.32 g/m2, used as California statewide default slit loading for Local roads. 
See Tables 3 for information on deriving statewide, district and county specific silt loading values 
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1.0 INTRODUCTION AND BACKGROUND


A. Introduction


This draft environmental analysis (Draft EA) is a program environmental document 
prepared to cover the Advanced Clean Cars (ACC) II Program (Proposed Program). This 
Draft EA is included as Appendix E of the California Air Resources Board (CARB or 
Board) Initial Statement of Reasons (ISOR or Staff Report) that will be presented to the 
Board for consideration. The Project Description section of this Draft EA presents a 
summary of the Proposed Program, as defined under the California Environmental 
Quality Act (CEQA). A detailed description of the Proposed Program is included in the 
“Staff Report: Initial Statement of Reasons for the Proposed Advanced Clean 
Cars II Regulations” date of release April 12, 2022, which is hereby incorporated 
by reference.


This Draft EA is intended to identify and disclose the Proposed Program’s potential 
significant impacts on the environment and identify potential feasible mitigation 
measures and alternatives to lessen or avoid those significant environmental impacts. 
The Proposed Program is intended to create environmental benefits related to 
greenhouse gas (GHG) reductions and air quality improvements. However, in some 
cases, as described in Chapter 4 of this Draft EA, potentially significant effects to 
environmental resources may occur due to implementation of compliance responses 
associated with the Proposed Program. It is expected that many of these potentially 
significant impacts can be feasibly avoided or mitigated to a less-than-significant level, 
as described in each resource area, due to project-specific environmental review 
processes associated with compliance responses and compliance with local and State 
laws and regulations. However, the Draft EA takes the conservative approach in its 
post-mitigation significance conclusions (i.e., tending to overstate the risk that feasible 
mitigation may not be sufficient to mitigate an impact to less than significant or may not 
be implemented by other parties) and discloses, for CEQA compliance purposes, that 
potentially significant environmental impacts may be unavoidable.


B. Scope of Analysis and Assumptions


The degree of specificity required in a CEQA document corresponds to the degree of 
specificity inherent in the underlying activity it evaluates. An EA for broad programs 
cannot be as detailed as it can be for specific projects (Title 14 California Code of 
Regulations [CCR] § 15146). For example, the assessment of a construction project 
would be naturally more detailed than one concerning the adoption of a local general 
plan because construction-related effects can be predicted with more accuracy (Title 14 
CCR §15146(a)). Because this analysis addresses a broad regulatory program, a general 
level of detail is appropriate. However, this Draft EA makes a rigorous effort to evaluate 
significant adverse impacts and beneficial impacts of the reasonably foreseeable 
compliance responses that could result from implementation of the Proposed Program
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and contains as much information about those impacts as is currently available, without 
being unduly speculative.


The scope of analysis in this Draft EA is intended to help focus public review and 
comments on the Proposed Program, and ultimately to inform the Board of the 
environmental benefits and adverse impacts of the Proposed Program. This analysis 
specifically focuses on potentially significant adverse and beneficial impacts on the 
physical environment resulting from reasonably foreseeable compliance responses 
resulting from implementation of the Proposed Program. 


The analysis of potentially significant adverse environmental impacts of the Proposed 
Program is based on the following assumptions: 


1. The analysis addresses the potentially significant adverse environmental impacts 
resulting from implementation of the Proposed Program compared to existing 
conditions and regulations concerning emissions standards for light- and medium-
duty vehicles and other applicable regulations. 


2. The environmental baseline is defined by existing vehicle and related fuel emissions 
programs, policies, and regulations. The existing regulatory condition includes the 
existing Low-Emission Vehicle and Greenhouse Gas regulations (LEV III) and the 
existing Zero-Emission Vehicle regulation, as well as other relevant, previous 
California rulemakings, and all comparable federal regulations.


3. The analysis of environmental impacts and determinations of significance are based 
on a comparison of reasonably foreseeable compliance responses taken in response 
to implementation of the Proposed Program with the current methods of compliance 
related to the existing State and federal regulatory framework. 


4. The analysis addresses environmental impacts within California and outside the State 
to the extent they are reasonably foreseeable and do not require speculation. 


5. The level of detail of impact analysis is necessarily and appropriately general because 
the Proposed Program is programmatic. Attempting to predict decisions by entities 
regarding the specific location and design of infrastructure, source and production 
of materials, and other activities undertaken in response to implementation of the 
Proposed Program would be speculative (if not impossible) at this early stage, given 
the influence of other business and market considerations in those decisions. As a 
result, there is some inherent uncertainty in the degree of mitigation that would 
ultimately need to be implemented to reduce any potentially significant impacts 
identified in this Draft EA. Consequently, this Draft EA takes the conservative 
approach in its post-mitigation significance conclusions (i.e., tending to overstate the 
potential that feasible mitigation may not be implemented by the agency with 
authority to do so, or may not be sufficient) and discloses, for CEQA compliance 
purposes, that potentially significant environmental impacts may be unavoidable, 
where appropriate. It is also possible that the amount of mitigation necessary to 
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reduce environmental impacts to below a significant level may be less than disclosed 
in this Draft EA on a case-by-case basis. Specific actions undertaken to implement 
the Proposed Program would undergo project-level environmental review and 
compliance processes as required at the time they are proposed. It is expected that 
many individual development projects would be able to feasibly avoid or mitigate 
potentially significant impacts to a less-than-significant level. 


6. This Draft EA generally does not analyze site-specific impacts when the location of 
future facilities or other infrastructure changes are speculative. However, the Draft 
EA does examine regional (e.g., local air district and/or air basin) and local issues to 
the degree feasible where appropriate. As a result, the impact conclusions in the 
resource-oriented sections of Chapter 4, Impact Analysis and Mitigation Measures, 
cover broad types of impacts, considering the potential effects of the full range of 
reasonably foreseeable actions undertaken in response to the Proposed Program. 


C. Background Information on the Advanced Clean Cars 
Program


The ACC program, first adopted by CARB in 2012, incorporated three elements that 
combined the control of smog-causing pollutants and GHG emissions into a single 
coordinated package of requirements for model years 2015 through 2025. These three 
elements included the Low-Emission Vehicle and Greenhouse Gas regulations (LEV III) 
and the Zero-Emission Vehicle (ZEV) regulation. 


The LEV III regulations include increasingly stringent emission standards for both criteria 
air pollutants (including precursors) and GHGs for new passenger vehicles through the 
2025 model year. The LEV III criteria standards were developed to address the 
continued increase in driving throughout the State while also improving air quality. 
CARB adopted new emission standards to reduce smog-forming emissions beginning 
with 2015 model year vehicles. Implementation of this regulation was estimated to result 
in cars emitting 75 percent less smog-forming pollution in 2025 than the average car 
sold in 2012. The LEV III GHG component was developed in coordination with the 
United States Environmental Protection Agency (U.S. EPA) and National Highway Traffic 
Safety Administration (NHTSA) for one National Program to harmonize GHG and fuel 
economy standards.


The ZEV regulation is designed to achieve the State’s long-term emission reduction 
goals by requiring auto manufacturers to offer specific numbers of the cleanest cars 
available for sale. These vehicle technologies include full battery-electric, hydrogen fuel 
cell, and plug-in hybrid-electric vehicles. CARB first adopted the ZEV requirement in 
1990 as part of the LEV regulation. Over the last 30 years, the ZEV regulation has been 
modified to reflect the state of technology. Modifications adopted in 2012, along with 
the other two ACC regulations, have set California on a path toward ZEV 
commercialization with the resurgence of battery technology enabling auto 
manufacturers to offer competitively priced zero-emission vehicles to consumers. Since 
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2010, more than 1 million zero-emission vehicles and plug-in hybrids have been 
registered in California.


D. Environmental Review Process: Requirements Under the 
CARB Certified Regulatory Program 


CARB is the lead agency for the Proposed Program and has prepared this Draft EA 
pursuant to its regulatory program certified by the Secretary of the Natural Resources 
Agency (Title 14 CCR § 15251(d); Title 17 CCR §§ 60000-60008). In accordance with 
Public Resources Code § 21080.5 of the CEQA, public agencies with certified regulatory 
programs are exempt from certain CEQA requirements, including but not limited to 
preparing environmental impact reports, negative declarations, and initial studies (Title 
14 CCR § 15250). CARB has prepared this Draft EA to assess the potential for significant 
adverse and beneficial environmental impacts associated with the Proposed Program, 
as required by CARB’s certified regulatory program (Title 17 CCR § 60005(b)). The 
resource areas from the CEQA Guidelines Environmental Checklist were used as a 
framework for assessing the potential for significant impacts (Title 17 CCR § 60005(b)).


If comments received during the public review period raise significant environmental 
issues, staff will summarize and respond to the comments in the Final Statement of 
Reasons (FSOR) prepared for the Proposed Program. The written responses to 
environmental comments will be approved prior to final action on the Proposed 
Program (Title 17 CCR § 60007(a)). If the Proposed Program is adopted, a Notice of 
Decision will be posted on CARB’s website and filed with the Secretary of the Natural 
Resources Agency for public inspection (Title 17 CCR § 60007(b)).


E. Organization of the Draft EA


The Draft EA is organized into the following chapters to assist the reader in obtaining 
information about the Proposed Program and its specific environmental issues.


· Chapter 1, Introduction and Background, provides a project overview and 
background information, and other introductory material.


· Chapter 2, Project Description, summarizes the Proposed Program, the 
potential reasonably foreseeable compliance responses taken in response to 
the Proposed Program, and implementation assumptions.


· Chapter 3, Environmental and Regulatory Setting, contains the 
environmental and regulatory setting relevant to the environmental analysis 
of the Proposed Program.


· Chapter 4, Impact Analysis and Mitigation, identifies the potential 
environmental impacts associated with the Proposed Program and mitigation 
measures for each resource impact area.


· Chapter 5, Cumulative and Growth-Inducing Impacts, analyzes the potential 
for cumulative effects of implementing the Proposed Program against a 
backdrop of past, present, and reasonably foreseeable future projects.
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· Chapter 6, Mandatory Findings of Significance, discusses the potential for 
adverse impacts on human beings, cumulatively considerable environmental 
impacts, and whether the Proposed Program would have the potential to 
degrade the quality of the environment.


· Chapter 7, Alternatives Analysis, discusses a reasonable range of potentially 
feasible alternatives that could reduce or eliminate adverse environmental 
impacts associated with the Proposed Program.


· Chapter 8, References, identifies sources of information used in this Draft EA.


F. Public Review Process for the Environmental Analysis


On July 21, 2021, CARB issued a Notice of Preparation (NOP) for the Proposed 
Program, announcing that it would prepare an EA. At a public workshop held on August 
11, 2021, CARB staff discussed proposed regulatory concepts for the Proposed 
Program. Staff also described plans to prepare a Draft EA for the Proposed Program 
and invited public feedback on the scope of environmental analysis. 


In accordance with CARB’s certified regulatory program, and consistent with CARB’s 
commitment to public review and input on regulatory actions, this Draft EA is subject to 
a public review process. The Staff Report, which includes this Draft EA, is posted for a 
45-day public review period that begins on April 15, 2022 and ends on May 31, 2022. 
This period complies with requirements for a minimum of 45 days of public review. (Title 
17 CCR, § 60004.2(b)(2).)


At the conclusion of the public review period, the Board will hold public hearings on the 
Proposed Program. At the first hearing, currently scheduled for June 9, 2022, the Board 
will not take any approval action on the proposal; however, the Board may provide 
direction to staff on modifications to make to the Proposed Program. Staff would 
address any proposed changes in a notice that would be issued with modified regulatory 
language and supporting documentation for one or more 15-day review and comment 
periods as required under the Administrative Procedure Act. 


At the conclusion of all review periods, staff will compile public comments and 
responses, including comments on the Draft EA made during the noticed 45-day 
comment period (or during any further comment period if CARB determines 
recirculation of the Draft EA is necessary), and prepare a final hearing package, which 
includes the Final EA and response to environmental comments, for the Proposed 
Program for the Board’s consideration at a second public hearing. This second hearing 
is currently planned for late summer 2022. If the final Regulation is adopted by the Board 
at that time, a Notice of Decision will be posted on CARB’s regulatory webpage and 
will be filed with the Secretary of the Natural Resources Agency. The FSOR for the final 
Regulation would be prepared by staff and the completed regulatory package would 
be filed with the Office of Administrative Law.







Advanced Clean Cars II Introduction and Background
Draft Environmental Analysis


6


This page intentionally left blank.







Advanced Clean Cars II Project Description
Draft Environmental Analysis


7


2.0 PROJECT DESCRIPTION


A. Objectives


Recognizing the requirements of Assembly Bill (AB) 32 and Senate Bill (SB) 32 to reduce 
Greenhouse Gas (GHG) emissions, statutory authority in the Health and Safety Code to 
achieve the maximum degree of emission reduction possible from mobile sources, the 
goal under Executive Order N-79-20 to deploy zero-emission technologies, and the 
need for California to attain the national and state ambient air quality standards for 
criteria air pollutants and to reduce exposure to toxic air contaminants (TACs), the 
primary objectives of the Advanced Clean Cars II Program (Proposed Program) include 
the following:


1. Accelerate the deployment of vehicles that achieve the maximum emissions 
reductions possible from light- and medium-duty vehicles to assist in the 
attainment of national ambient air quality standards for criteria air pollutants 
(Health & Safety Code §§ 43000.5(b), 43018(a)).


2. Develop a regulation that is consistent with and meets the goals of the State 
Implementation Plan (SIP), providing necessary emission reductions from 
vehicular sources for the federal ambient air quality standards to be met in all of 
California, which has the most extreme nonattainment areas in the nation and has 
for decades (Health & Safety Code §§ 39002, 39003, 39602.5, 43000, 43000.5, 
43013, 43018).


3. Because California endures some of the most extreme effects of climate change 
and is acutely vulnerable to those impacts, decrease GHG emissions in support 
of statewide GHG reduction goals by adopting strategies to deploy light-duty 
zero-emission vehicles (ZEVs) in California as identified in the Scoping Plan, which 
was developed to reduce GHG emissions in California as directed by AB 32 (Ch. 
488, Stats. of 2006, Nuñez). CARB’s 2017 Climate Change Scoping Plan and 2020 
Mobile Source Strategy aim to accelerate development and deployment of the 
cleanest feasible mobile source technologies and to improve access to clean 
transportation. Implementation of the Proposed Program would contribute to 
reducing GHG emissions through the electrification of the mobile source sector 
in a manner that minimizes costs and maximizes benefits for California’s 
economy, maximizes environmental and economic co-benefits under Health and 
Safety Code § 38501, and would also provide further GHG reductions pursuant 
to AB 1493 (Ch. 200, Stats. of 2002, Pavley). 


4. Maintain and continue reductions in emissions of GHGs beyond 2020, in 
accordance with AB 32 (Health & Safety Code §§ 38551(b), 38562, 38562.5), and 
pursue measures that implement reduction strategies covering the State’s GHG 
emissions in furtherance of California’s mandate to reduce GHG emissions to 40 
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percent below the 1990 level by December 31, 2030 in accordance with SB 32 
(Health & Safety Code § 38566)


5. Lead the transition of California’s light-duty transportation sector from internal 
combustion to zero-emission powertrains.


6. Reduce the State’s dependence on petroleum as an energy resource and support 
the use of diversified fuels in the State’s transportation fleet (Health & Safety 
Code § 43000(e), California Public Resources Code (PRC) § 25000.5). In addition, 
petroleum use as an energy resource contributes substantially to the following 
public health and environmental problems: air pollution, acid rain, global 
warming, and the degradation of California’s marine environment and fisheries 
(PRC § 25000.5(b), (c)).


7. Complement existing programs and plans to ensure, to the extent feasible, that 
activities undertaken pursuant to the measures complement, and do not interfere 
with, existing planning efforts to reduce GHG emissions, criteria pollutants, 
petroleum-based transportation fuels, and TAC emissions.


8. Achieve emission reductions that are real, permanent, quantifiable, verifiable, 
and enforceable (Health & Safety Code §§ 38560, 38562(d)(1)).


9. Provide market certainty for zero-emission technologies and fueling 
infrastructure to guide the acceleration of the development of environmentally 
superior light-duty vehicles that will continue to deliver performance, utility, and 
safety demanded by the market.


10. Take steps to ensure all Californians can live, work, and play in a healthful 
environment free from harmful exposure to air pollution. Protect and preserve 
public health and well-being, and prevent irritation to the senses, interference 
with visibility, and damage to vegetation and property (Health & Safety Code § 
43000(b)) in recognition that the emission of air pollutants from motor vehicles is 
the primary cause of air pollution in many parts of the State (Health & Safety Code 
§ 43000(a)).


11. Spur economic activity of zero-emission technologies in the light-duty vehicle 
sector. Incentivize innovation that will transition California’s economy into greater 
use of clean and sustainable zero-emission technologies and promote increased 
economic and employment benefits that will accompany this transition (AB 1493, 
§ 1(g); Health & Safety Code §§ 38501(e), 43018.5(c)). Reduce emissions from 
vehicles in a manner that is equitable, does not disproportionately impact low-
income communities, and minimizes the administrative burden of complying with 
the regulations. (Health and Safety Code §§ 38562, 38562.5, 44391.2.)
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B. Description of Proposed Project and Reasonably 
Foreseeable Compliance Responses


The ACC program was first adopted by CARB in 2012, including the Low-Emission 
Vehicle (LEV) III Criteria Regulation, the LEV Greenhouse Gas (GHG) Regulation, and the 
Zero-Emission Vehicle (ZEV) Regulation. The Proposed Program establishes the next set 
of LEV criteria and ZEV requirements to further reduce emissions of criteria air pollutants 
(including precursors) and GHGs from light- and medium-duty vehicles in California. 
Accordingly, the Proposed Program would include more stringent emission standards 
and requirements for passenger vehicle manufacturers to increase zero-emission 
technology in vehicles offered for sale in California. 


The main objective of the Proposed Program is to maximize criteria emission reductions 
from internal combustion engine vehicles (ICEVs), while accelerating the transition to 
ZEVs through both increased stringency of requirements and associated actions to 
support wide-scale ZEV adoption and use. Under the Proposed Program, the LEV IV 
Criteria Regulation will aim to reduce emissions by tightening standards where 
necessary and adding requirements that translate to real-world emission benefits, such 
as ensuring that cold-start emissions are well-controlled, revising medium-duty vehicle 
standards to cover a broader range of in-use driving conditions, and strengthening 
emission standards for aggressive driving. The ZEV Regulation will increase the new 
vehicle sales requirements to 100 percent plug-in hybrid electric vehicles and ZEVs by 
2035 in California. Additionally, the Proposed Program will aim to ensure that ZEVs will 
eliminate emissions from conventional engines by being fully capable of replacing 
conventional vehicles for all drivers, for both new and used markets, and through 
requirements for manufacturers to provide consumers comparable information, 
durability, and access to maintenance and repairs for ZEVs as for conventional engines. 
These requirements include ZEV assurance measures, such as requiring a consumer-
facing battery state of health indicator, adding ZEVs into existing service information 
requirements, and adding useful life and minimum warranty requirements for ZEVs. The 
major components of the Proposed Program are discussed in greater detail below. 


As discussed further in Section C of this chapter, for CEQA purposes the “project” is 
the collective set of proposed regulatory amendments that would affect manufacturer 
design of vehicles, while also meeting other regulatory requirements. The proposed 
regulations and amendments are analyzed as one project because the regulations are 
related and compliance responses by vehicle manufacturers would have a combined 
effect on the statewide vehicle fleet, how light- and medium-duty vehicles are produced, 
sold, and leased, and the use of alternative fuels. For LEV IV and ZEV, the regulated 
community would be automobile manufacturers. For the Proposed Program as a whole, 
fuel producers (e.g., hydrogen), electricity generators, suppliers and installers of 
infrastructure to refuel ZEVs, and mining could also be affected. A combined analysis is 
necessary to provide a comprehensive review of the effects of these collective 
regulations. 
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1. Regulated Community Compliance Responses


Compliance responses are activities undertaken by regulated communities to comply 
with regulations. Compliance activities would change in response to regulatory 
amendments included in the Proposed Program. This Draft Environmental Analysis (EA) 
presents a programmatic evaluation that describes reasonably foreseeable 
environmental impacts resulting from the change in compliance responses by regulated 
communities. The analysis considers reasonable, potential compliance responses, but 
does not speculate as to all the conceivable iterations of compliance responses that 
could occur within the passenger vehicle fleet or at the site- or project-specific level. 


It is not possible to know with a reasonable level of certainty the specific actions that 
would be selected by regulated communities to comply with the regulatory changes 
under the Proposed Program. Individual vehicle manufacturers could choose other 
compliance responses that result in different project impacts. For the purposes of this 
EA, the least expensive compliance responses are generally expected to be 
implemented by covered industries, although the responses of individual regulated 
communities within affected industries may differ depending on relative compliance 
costs and other factors. 


The following compliance responses have been identified as reasonably foreseeable 
actions and provide the basis for a reasoned, good-faith assessment of potential, 
significant environmental impacts of the regulatory amendments under the Proposed 
Program. The compliance responses associated with each component of the Proposed 
Program are discussed separately below. 


2. Proposed Program 


The Proposed Program recommends new LEV criteria and ZEV regulations for 2026 and 
subsequent model year vehicles. Staff’s proposal also recommends new supporting LEV 
and ZEV test procedures as well as establishing what are referred to as ZEV assurance 
measures, which include new durability, warranty, serviceability, data standardization, 
and battery labeling requirements for ZEVs, to ensure ZEVs can serve as true 
replacements to conventional ICEVs and provide consumer confidence to ensure that 
they effectively displace emissions from ICEVs. The major elements of the Proposed 
Program are described below. 


C. LEV Proposals


As the Proposed Program guides the light-duty vehicle sector toward nearly 100 percent 
electrification by 2035 (i.e., sales of plug-in hybrid electric vehicles will continue to be 
permitted), it signifies that the last conventional ICEVs may be sold during this period. 
However, these ICEVs may remain in-use on California’s roads well beyond 2035. As 
such, the Proposed Program will include three primary elements aimed to mitigate the 
impacts of the remaining ICEVs. First, it will prevent emission backsliding of ICEVs as 
more ZEVs are sold in California. Second, it will clean up the worst emitting vehicles in 
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the new-vehicle fleet for exhaust and evaporative emissions. Third, it will reduce cold-
start emissions by ensuring more robust emission calibration and provide better 
emission control for a broader range of in-use driving conditions. The combination of 
these three elements will help deliver real-world emission benefits from the ICEVs that 
will complement more significant emission reductions gained by ever increasing use of 
zero-emission technologies. 


For the medium-duty vehicle segment, the Proposed Program will first provide better 
emission control for a broader range of in-use driving conditions with the moving 
average in-use standard for towing vehicles. Second, the proposal will further push 
cleaner vehicles based on certification data and deliver needed criteria air pollutant 
emission reductions. Third, the proposal will clean up the worst emitting vehicles.


These proposals would be implemented in tandem with corresponding certification 
requirements. For manufacturers to sell new light-duty vehicles in California, they must 
be certified by CARB under an Executive Order. To get this certification, a gasoline or 
diesel vehicle must demonstrate that its exhaust (also known as tailpipe) emissions and 
evaporative emission control systems (as applicable, depending on the specific vehicle 
category) comply with the emission standards for the vehicle's useful life, which is 15 
years or 150,000 miles. The certification testing is carried out by the vehicle 
manufacturer, and the certification vehicle typically represents a group of similar vehicle 
models. Vehicles are lumped into test groups for exhaust emission testing, and into 
evaporative families for evaporative emission testing. Vehicles in the same test group 
share attributes such as similar engine size and the number and arrangement of 
cylinders, while vehicles in the same evaporative family share similar fuel tank size as 
well as common emission control components. 


Each test group must meet emission standards set on different test cycles in a testing 
laboratory. The emission test cycles include the Federal Test Procedure (FTP) cycle 
which represents urban driving and the Highway (HWY) cycle which represents highway 
driving, as it is named. The FTP and HWY cycle are combined and referred to as a 2-
cycle test. Vehicles must also be tested on the US06 cycle which represents aggressive 
driving, the SC03 cycle which accounts for driving with air conditioning use in warm 
weather, and FTP tests at ambient temperatures of 20ºF and 50ºF to represent driving 
in cold weather conditions. These cycles are meant to represent the worst-case 
emissions during cold and hot starts. The FTP, Highway, US06, SC03, and 20ºF tests are 
collectively referred to as the 5-cycle tests and result in certification to specific emission 
standard bins.


In general, the proposed standards continue to require emission reductions already 
achieved under the existing standards. The Proposed Program adjusts how compliance 
is determined and the operating conditions under which they apply to ensure the 
expected emission reductions are realized across a broader range of operating 
conditions. The requisite technology to meet the standards has already been developed 
and is available in the market.
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Further details of individual LEV criteria proposals are outlined below.


1. Fleet Average Standard without ZEVs


a) Summary
Existing LEV III standards require the light-duty vehicle fleet to meet a declining fleet 
average standard for non-methane organic gases and oxides of nitrogen (NMOG+NOx) 
that reaches 0.030 grams per mile in the 2025 model year. Currently, manufacturers 
factor in all ICEVs, plug-in hybrid electric vehicles (PHEVs), and ZEVs when calculating 
their compliance with the LEV fleet average regulation. As ZEV sales grow, automakers 
could (under the current standards) increase emission rates from conventional vehicles 
and continue to meet the existing emission standards. To prevent any potential 
backsliding, staff is proposing to maintain the fleet average at 0.030 grams per mile 
beyond the 2025 model year, while gradually phasing-out ZEVs from the NMOG+NOx 
fleet average by the 2029 model year. This proposal will guarantee that ICEVs will not 
backslide on emissions as they will be required to meet a fleet average of 0.030 grams 
per mile on their own in 2029 and subsequent model years, regardless of how many 
ZEVs are sold. 


b) Compliance Responses
The proposed changes to the NMOG+NOx fleet average requirements of taking ZEVs 
out of the fleet average are not expected to have any additional compliance responses 
relative to the baseline. Generally, modifications to the fleet average standard would 
affect the mix of vehicle models and types that manufacturers would sell and lease in 
California, as a greater proportion of the vehicle fleet would consist of vehicles from the 
more stringent emission performance classes. The prior LEV III rulemaking included 
requirements to convert all ICE vehicles in the light-duty fleet from the existing LEV and 
Ultra LEV (ULEV) emission levels down to Super Ultra Low-Emission-Vehicle 30 emission 
levels (SULEV30) by 2025, meaning the prior rulemaking already accounted for meeting 
the fleet average without any ZEVs. Technologies included in the LEV III analysis were 
larger volume catalysts, greater catalyst precious metal loading, more optimized close 
coupled catalysts, optimized thermal management, low thermal mass turbochargers, 
double layer catalyst washcoat, and improved fuel injection control. Staff is assuming no 
additional actions, beyond those already considered in the LEV III rulemaking, will be 
needed to phase-out ZEVs from the fleet average as part of this Proposed Program. 


2.  Stand-Alone Standards & PM Standard for Aggressive Driving


a) Summary
Staff is proposing new rules that will clean up or eliminate the highest emitting vehicles 
in the fleet. To account for emissions during urban driving, existing regulations allow 
manufacturers to certify ICEVs using the urban Federal Test Procedure (FTP) test cycle 
in discrete emission bins, ranging from 0.020 grams per mile to 0.160 grams per mile. 
Staff proposes to eliminate the dirtiest FTP emission certification bins and add cleaner 
emission bins to provide more options for manufacturers to certify vehicles at lower 
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emission levels. As a result, this proposal will move the ICEV fleet to cleaner emission 
bins by reducing the upper limit to 0.070 grams per mile and extending the lower limit 
to 0.015 grams per mile. 


Staff also propose changes to the certification options and emission standards for 
aggressive driving to better control criteria emissions during rapid accelerations and 
high speeds. For NMOG+NOx emissions, current rules allow aggressive driving 
emissions, such as US06 cycle, to be certified using a composite standard that averages 
results from US06, SC03 and FTP. However, staff’s analysis found that the composite 
average method allowed for poor emission control during aggressive driving on the 
US06 cycle for a small portion of the fleet. Therefore, staff proposes to eliminate the 
composite average certification option and require all vehicles to certify using a stand-
alone standard for the aggressive US06 cycle that is equivalent to the urban driving FTP 
cycle. For particulate matter emissions, staff’s analysis found that the majority of vehicles 
emit less than 3 milligrams per mile on the aggressive US06 cycle, even though the 
current standard for light duty vehicles is 6 milligrams per mile. Beginning in the 2026 
model year, staff proposes to reduce the US06 emission standard from 6 to 3 milligrams 
per mile for all vehicles. These changes will clean up the highest emitting vehicles in the 
fleet by ensuring all vehicles have good emission control during aggressive driving.


b) Compliance Responses
Staff is proposing new rules to both tighten and require all vehicles to be certified to 
the stand-alone US06 emission standards for NMOG+NOx. The aim of this proposal is 
to clean up the highest emitting vehicles in the fleet, so the proposed standards were 
set at levels that most vehicles in the fleet are already able to meet. Analysis of 
certification data revealed that only 7 percent of the fleet currently exceeds the 
proposed emission targets for the stand-alone US06 NMOG+NOx standards (see 
Calibration work may include determining optimal fuel injection timing, fuel quantity, fuel 
atomization/mixing, spark timing, and other intake and exhaust air flow management 
through variable valve timing and electronic throttle control. However, most vehicles are 
not expected to incur additional calibration relative to what is already typically done for 
ICEVs. Instead, like most vehicles that already comply with the standard, it is likely that a 
higher emphasis would be placed on maintaining low emissions when developing and 
optimizing the calibration among other competing factors such as drivability, performance, 
and noise/vibration mitigation. 


On the other hand, upgrades to the catalyst system would likely be needed to meet the 
proposed US06 NMOG+NOx standards. For the emission control hardware, CARB’s 
staff analysis revealed that vehicles expected to meet the proposed standards had, on 
average, a catalyst that was more heavily loaded with precious metals compared to the 
7 percent of the fleet that is expected to be out-of-compliance. Given this dominant 
factor in catalyst system design to meet the standards, it is anticipated that there may 
be an increased demand of key precious metals platinum, palladium, and rhodium. At 
the same time, improvements in catalyst technology, such as improved wash coats that 
are more durable and provide the same or higher conversion efficiencies with less 
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precious metal content, are expected to continue to decrease precious metal content 
demand. Furthermore, as the light-duty fleet transitions to ZEVs, the catalyst precious 
metal demand will continue to decrease. 


Table 1 for the number of vehicles affected by this Proposed Program). Therefore, 
compliance responses associated with the proposed changes only apply to a relatively 
small percentage of the fleet. To comply with the proposed standards, these vehicles 
would likely need better optimized calibration work, and some may need to upgrade 
the emission control hardware, namely, the catalyst system.


Calibration work may include determining optimal fuel injection timing, fuel quantity, 
fuel atomization/mixing, spark timing, and other intake and exhaust air flow 
management through variable valve timing and electronic throttle control. However, 
most vehicles are not expected to incur additional calibration relative to what is already 
typically done for ICEVs. Instead, like most vehicles that already comply with the 
standard, it is likely that a higher emphasis would be placed on maintaining low 
emissions when developing and optimizing the calibration among other competing 
factors such as drivability, performance, and noise/vibration mitigation. 


On the other hand, upgrades to the catalyst system would likely be needed to meet the 
proposed US06 NMOG+NOx standards. For the emission control hardware, CARB’s 
staff analysis revealed that vehicles expected to meet the proposed standards had, on 
average, a catalyst that was more heavily loaded with precious metals compared to the 
7 percent of the fleet that is expected to be out-of-compliance. Given this dominant 
factor in catalyst system design to meet the standards, it is anticipated that there may 
be an increased demand of key precious metals platinum, palladium, and rhodium. At 
the same time, improvements in catalyst technology, such as improved wash coats1 that 
are more durable and provide the same or higher conversion efficiencies with less 
precious metal content, are expected to continue to decrease precious metal content 
demand. Furthermore, as the light-duty fleet transitions to ZEVs, the catalyst precious 
metal demand will continue to decrease. 


Table 1: Anticipated Number of Vehicles Affected by the Proposed US06 
NMOG+NOx Standards by Model Year


Model Year Vehicles Affected
2026 0
2027 0
2028 72,785
2029 71,028
2030 59,201
2031 48,608


1 Emission control catalysts are typically manufactured by applying wash coat onto catalyst supports. 
The wash coat serves as the carrier for a precious metal catalyst.







Advanced Clean Cars II Project Description
Draft Environmental Analysis


15


Model Year Vehicles Affected
2032 40,640
2033 32,595
2034 14,733
2035 12,698
Total 352,289


CARB staff is also proposing to reduce the US06 PM standard from 6 milligrams per 
mile (mg/mile) to 3 mg/mile. Certification data indicate that over 80 percent of current 
vehicles already emit below 3 mg/mile on the US06 cycle. Therefore, the aim of the 
current proposal is to clean up the worst emitting vehicles and to ensure those that are 
already cleaner do not get worse. CARB staff expects that the percentage of vehicles in 
compliance with the proposed 3 mg/mile US06 standard will continue to grow towards 
100 percent as vehicles are redesigned to meet the more stringent 1 mg/mile FTP 
standard that is required by the LEV III regulations, which are currently in effect. This is 
expected because much of the technology that will be applied to vehicles to meet the 
1 mg/mile FTP standard should also enable vehicles to meet the proposed 3 mg/mile 
US06 standard as confirmed by CARB staff emission testing where the lower-emitting 
vehicles on the FTP cycle typically also had lower emissions on the US06 cycle. 


However, in the absence of a tighter 3 mg/mile US06 standard, some vehicles could end 
up using less robust solutions or less refined calibrations that allow excess PM emissions 
under the higher speeds and acceleration rates represented by the US06 cycle. For 
instance, approaches that only focus on reducing PM emissions at initial start-up such 
as adjusting early fuel injection pressure and timing as well as spray pattern with injector 
design, orientation, and split injections could have a large impact on FTP emissions but 
no impact on the US06 where start emissions are excluded. Reasonably foreseeable 
responses for complying with tightening the US06 PM standard are; therefore, hardware 
and software solutions that achieve low PM emissions under broader driving conditions, 
such as by ensuring good air-fuel control during transient operating events or rapid 
accelerator movement and avoiding or mitigating the use of fuel enrichment under 
acceleration. 


3. Cold-Start Emission Control


a) Summary
The Proposed Program will introduce new rules that regulate cold-start emissions during 
a broader range of driving conditions than current certification tests. Staff’s analysis of 
real-world driving data found differences between in-use driving patterns and lab test 
procedures that disproportionately impacted in-use emissions. First, lab tests require 
vehicles to be “soaked,” meaning the vehicle is shut-off and stored in a controlled 
temperature environment at 68 to 86 degrees Fahrenheit for 12-36 hours before a cold-
start emission test. However, in-use data suggested that over 40 percent of trips had 
much shorter “partial soaks” of 20 minutes to 5 hours. Vehicle testing revealed that 
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partial soaks caused higher emissions than full soaks of 12 to 36 hours, caused by poor 
vehicle emission control calibration. Therefore, staff proposes new emission standards 
for partial soaks (or partial cool down start emissions) based on test data of the lowest 
emitting vehicles which shows that it is possible to control emission at these soak levels. 
The proposal will lead to real-world emission benefits by ensuring vehicles have good 
emission control for all soaks because of new testing requirements. 


Staff will also propose new standards that will help control cold-start emissions for quick 
drive-aways at the start of a trip. Staff found differences in initial idle duration between 
real-world driving and lab test procedures. The FTP cold-start certification test begins 
by turning on the vehicle and idling the engine for 20 seconds before the first 
acceleration. Current vehicles heavily rely on those first 20 seconds of engine idle to 
gradually warm-up the engine after-treatment catalyst before the first acceleration. 
However, in-use data revealed shorter idling periods, where 50 percent of trips had an 
initial idle of 14 seconds or less and 25 percent of trips had an initial idle of 8 seconds 
or less. Vehicle testing showed that shorter idling times led to higher emissions than 
were shown on certification tests. Therefore, staff proposes cold-start emissions to be 
certified using the current FTP test and an additional “quick drive-away” FTP cold-start 
certification test that has a shorter initial idle of 8 seconds. The emission standards for 
this new test would be based on the lowest emitting vehicles tested by CARB. The 
addition of a new cold-start test with a shorter initial idle would ensure better emission 
control over a broader range of real-world driving conditions and result in lower early 
drive-away cold-start emissions. 


Finally, staff also found PHEVs can have higher in-use cold-start emissions if the 
combustion engine start is triggered by high-power demand, such as a freeway 
acceleration event. High-power cold starts represent an emission concern that is unique 
to blended PHEVs2, since non-blended PHEVs can drive fully electric even during high-
power demand. Therefore, staff proposes blended PHEVs must meet a new cold-start 
emission standard for the more aggressive US06 test. The emission targets for this new 
test will be based on the best performing PHEVs tested by CARB. The new requirements 
will lead to better vehicle calibration and reduce cold-start emissions during high-power 
engine starts.


b) Compliance Responses
Staff is proposing three new requirements to reduce cold-start emissions from light-duty 
vehicles – a new standard to control partial cool down start emissions, a new standard 
to regulate early drive-away cold-start emissions, and a new standard to control high-
power cold-start emissions from plug-in hybrid electric vehicles. CARB staff expect that 
vehicles would predominantly meet the new standards by improving cold-start emission 
calibration through software updates without needing any hardware upgrades. 


2 “Blended” PHEVs refer to those that require the engine to meet the full power demands of the vehicle 
before the battery has been depleted and hit charge sustaining mode.
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Manufacturers have designed and calibrated their emission control strategies that 
accelerate initial catalyst warm-up to work on overnight soaks where both the engine 
and catalyst are at ambient temperature. Some manufacturers have not considered 
intermediate temperatures on shorter soaks. After the issue was brought to light by 
CARB testing, some manufacturers have already started voluntarily implementing 
software calibration changes to reduce start emissions from intermediate soaks. Some 
strategies that may need to be re-optimized include engine idle speed, spark ignition 
timing, fuel injection control, and variable valve timing. Similarly, software calibration is 
also expected to control early drive-away cold-start emissions. Calibration changes may 
be necessary to reduce engine-out emissions during the first 8 seconds of idle or to help 
heat-up the catalyst more efficiently. 


For blended PHEVs, although improvements can be made by better calibration of the 
transition from pure electric to blended operation, more significant improvements may 
require added or redesigned hardware. To date, some PHEVs have moved to more 
powerful electric motors and batteries that would reduce the reliance on the 
combustion engine and reduce the occurrence of these high-power cold starts. Other 
manufacturers have been exploring the use of added emission controls like electrically 
heated catalysts that would accelerate catalyst light-off and/or preheat the catalyst 
before starting the engine.


4. Lower Running Loss Standard


a) Summary
Running loss emissions are a part of evaporative emissions that encompass the fuel 
vapors escaping from the vehicle during driving. The current standard has not been 
changed since its introduction in the 1990s. Based on manufacturer’s model year 2021 
certification data, most of the vehicles (92 percent) certified at or below 0.01 gram per 
mile. Therefore, staff proposes to reduce the evaporative emission running loss standard 
from 0.05 grams per mile down to 0.01 grams per mile. The goal of the Proposed 
Program to the evaporative running loss standards is to improve a small proportion of 
vehicles which are currently certifying to a higher level of emissions.  


The second part of the evaporative emission proposal involves controlling emissions 
unique to special sealed non-integrated refueling canister only system (NIRCOS) 
gasoline tanks common on PHEVs (and some HEVs). The carbon canister is one of the 
main components of an evaporative system and absorbs and stores gasoline vapors. 
Because of the way these vehicles are tested, staff found that these canisters may be 
undersized sometimes for real world driving conditions. Instead of adding additional 
testing requirements, staff proposes a formula to determine a minimum canister size. 
Specifically, staff proposes a minimum canister size for vehicles with a NIRCOS fuel 
system and other vehicles which have fuel tank pressure exceeding a specified 
threshold. About 6 percent of vehicles in the California fleet have this type of fuel 
system, and these numbers are expected to grow in the future as a result of staff’s 
proposed ZEV regulation. Staff’s estimate is that almost all of vehicles with NIRCOS 
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tanks currently do have a large enough canister, and only one vehicle which is currently 
produced has an undersized canister.  However, with the likelihood of more PHEVs, 
which use this type of fuel system, entering the fleet in the future, it is important that 
canisters on these vehicles are adequately sized to handle puff emissions.  
Manufacturers would demonstrate compliance using a CARB defined evaporative 
model and a defined calculation without adding testing burden.


b) Compliance Responses
The Proposed Program includes vehicle certification requirements for evaporative 
emission standards. Manufacturers would comply with these regulations through testing 
and calculation reporting. 


Both increasing purge of stored fuel vapors and reducing fuel vapor generation by 
keeping the fuel tank cooler are known to improve running loss emissions. Low 
permeation materials and connections for the fuel lines are also key to low running loss 
emissions. To meet the proposed running loss standard, staff estimates a one-time 
redesign need for about 8 percent of new vehicles that are not already capable of 
meeting the proposed running loss standard. This redesign would likely reconfigure the 
vehicle’s layout to get more space around the fuel tank. More space around the fuel 
tank would result in less heating of the fuel tank from neighboring components and 
could also allow for better air circulation while driving, which would cool the fuel tank. 
This should ultimately result in less fuel vapors being generated and escaping to the 
atmosphere while the vehicle is driving (running loss emissions). 


The technologies necessary to meet the proposed LEV IV running loss evaporative 
emission standards would generally be the same as the technologies currently used to 
meet the existing standards. The nature of compliance for this measure is primarily 
expected to be through design layout and calibration, rather than incurring additional 
hardware. Because the types of technologies used currently would also be employed to 
meet the amended regulations, no substantial change in the manufacturing of emissions 
control equipment would be expected. Staff expects that the proposed minimum 
canister size requirement will have minimal impact on compliance burden, since the vast 
majority of vehicles on the market today already meet this. Therefore, this is intended 
as an anti-backsliding measure, assuring that future vehicles, especially PHEVs which 
have the NIRCOS fuel system which this proposal applies to, have enough canister 
capacity to handle puff emissions.


5. Modifications to Emission Standards for Medium-Duty Vehicles 


a) Summary 


i) PEMS In-use Standards for MDVs greater than 14,000 
GCWR 


The Proposed Program would require that chassis certified medium-duty vehicles 
(MDVs) with a gross combined weight rating (GCWR) over 14,000 pounds (lbs) meet a 
new in-use requirement like the heavy duty (HD) moving average window (MAW) 
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requirement.3 The test procedures and standards for this new in-use requirement will be 
similar to those adopted as part of the HD Low NOx Omnibus rulemaking4 adopted by 
the Board at the August 2020 board hearing. This proposal would ensure emissions are 
adequately controlled during all engine operations that occur on-road, especially during 
towing. 


The new in-use requirement for chassis certified MDVs would require automakers to test 
in-use chassis certified MDVs in class 2b and 3 on-road using a Portable Emissions 
Measurement System (PEMS) installed on the vehicle driving on-road. The PEMS unit 
would measure and record emissions data from the vehicle tailpipe exhaust outlet. The 
method for analyzing the PEMS emissions test data collected is referred to as the 
Moving Average Window (MAW) method. This method analyzes the PEMS data over 
continuous five-minute periods that start at every second. Each period or window is 
binned based on engine load into its own specific bin and compared to the in-use 
emission threshold. This requirement is new to MDVs and takes the testing outside the 
lab to measure emissions during on-road driving. The emissions evaluated during in-use 
PEMS testing will consist of NOx, NMHC, CO, and PM. Automakers will be responsible 
for conducting their own PEMS in-use testing and will report for the test groups selected 
by CARB.


ii) Lower Fleet Average Standards for Medium-Duty 
Fleet 


Similar to LEV III light-duty vehicles, chassis-certified LEV III MDVs in Class 2b and Class 
3 must meet a fleet average standard that reduces each year through 2022 model year. 
In 2022 the fleet average standard is 0.178 g/mile and 0.247 g/mile for Class 2b and 3 
respectively. Currently, vehicles certify to lower bins and additional technology exists so 
that they can continue to make improvements. The Proposed Program would reduce 
both fleet average standards to 0.150 g/mile and 0.175 g/mile for class 2b and 3, 
respectively, starting in 2026. In addition, this proposal includes the removal of medium 
duty ZEVs from the fleet average in 2026 for both class 2b and class 3, as ZEVs are 
expected to make up 50 percent of MDV sales by 2035 to comply with the ACT 
regulation (California Code of Regulations, title 13, §1963).


Existing regulations allow automakers to certify ICE MDVs on the FTP test cycle for 
urban driving in discrete emission bins, ranging from 0.150 g/mile up to 0.250 g/mile 
for Class 2b and 0.200 g/mile to 0.400 grams per mile for Class 3. To help meet the 
lower fleet average standards, the proposal also revises emission bins for urban driving 
by eliminating the dirtiest emissions bins and adding lower emission bin options for 


3 There are two types of MDVs – those that are certified using the chassis dynamometer and those 
certified using an engine dynamometer. Chassis-certified vehicles make up about 80 percent of the 
MDV category and are generally gasoline-powered. The remaining 20 percent of the MDV category are 
engine-certified vehicles, mostly diesel-powered.
4 California Air Resources Board. 2020. “Public Hearing to Consider the Proposed Heavy-Duty Engine 
and Vehicle Omnibus Regulation and Associated Amendments.” Released June 23, 2020. Accessed 
January 31, 2022. 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2020/hdomnibuslownox/isor.pdf  



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2020/hdomnibuslownox/isor.pdf
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manufacturers to certify vehicles. As a result, this proposal would move the fleet to 
cleaner emission bins by reducing the upper limit for class 2b to 0.150 g/mile and 
expanding the lower limit to 0.075 g/mile. Similarly, class 3 emission bin upper limits 
would reduce to 0.230 g/mile and the lower limit would expand to 0.100 g/mile. 


iii) Standalone Standards for MDV for Aggressive Driving 
Cycles


As with passenger cars and trucks, staff also propose changes to the certification options 
and emission standards for aggressive driving for MDVs. For NMOG+NOx, carbon 
monoxide (CO), and particulate matter, current regulations allow aggressive driving 
emissions to be certified using a composite standard that averages aggressive driving 
emissions with urban driving emissions. However, staff’s analysis found that the 
composite average method allowed for poor emission control during aggressive driving 
for a small portion of the fleet. Therefore, staff proposes to eliminate the composite 
average certification option and instead require all vehicles to certify aggressive driving 
emissions using a stand-alone standard for the aggressive test cycles such as the US06 
or hot 1435UC/LA92 cycle depending on the category the vehicle is certified to. The 
stand-alone aggressive driving standard would require class 2b and class 3 MDVs to 
meet the same emission levels as the FTP emission bins they currently certify under. 
These changes will clean up the highest emitting vehicles in the fleet by ensuring all 
vehicles have good emission control during aggressive driving


b) Compliance Responses
For chassis-certified MDVs over 14,000 lbs GCWR, which are mostly diesel vehicles, 
meeting the proposed PEMS in-use requirement would require hardware and 
calibration changes. Chassis-certified MDVs are already typically equipped with some 
emission reduction technologies such as exhaust gas recirculation (EGR) cooler bypass. 
However, additional emissions controls would be needed to meet the new in-use 
standards. These technologies include split selective catalytic reduction (SCR) systems, 
ammonia slip catalyst systems, and dual diesel exhaust fluid (DEF) dosing systems.


CARB staff’s testing and analysis has shown that gasoline chassis-certified MDV 
emissions are already much better controlled than diesel vehicles and would require 
much less improvement to meet the proposed PEMS in-use standard. For chassis-
certified gasoline MDVs, the reasonably foreseeable compliance responses include 
changes to the three-way catalyst (TWC) system, such as catalyst sizing and precious 
metal loading, and the use of multiple TWC systems, as well as calibration work. 
Additional technologies may also be available, such as cylinder deactivation, electrical 
heaters for catalyst, electronic throttle control, cooled exhaust manifold, and advance 
transmissions which could be used to help reduce emissions over all engine operations. 


MDVs that are required to meet the proposed PEMS in-use standard would also have 
to meet the more stringent proposed FTP and SFTP standards. However, as the PEMS 
standard covers a broader spectrum of engine operating conditions than the 
certification test cycles, the implementation of these new emission control systems used 







Advanced Clean Cars II Project Description
Draft Environmental Analysis


21


to comply with the PEMS standard is expected to also reduce emissions adequately 
during their certification test cycles to meet the more stringent proposed chassis 
standards. Accordingly, no further compliance response is assumed above and beyond 
the responses likely for the proposed PEMS standard.


MDVs that are exempt from the proposed PEMS requirement (i.e., MDVs less than 
14,000 lbs GCWR) would potentially need to make additional hardware or calibration 
changes to meet the more stringent FTP and SFTP standards. However, based on 
certification data and testing by CARB, many of these MDVs appear capable of already 
meeting the proposed standards. Staff has analyzed certification data to determine what 
fraction of test groups under 14,000 lbs GCWR would likely be required to make 
changes to meet the proposed standards. Based on certification data, 1 of 3 diesel test 
groups and 6 of 9 gasoline test groups are estimated to need hardware changes and/or 
calibration changes. By comparing the catalyst information between vehicles meeting 
the proposed standards and those that were not, staff found that most vehicles that 
could not meet the proposed standards had directionally lower precious metal loadings 
than those that could meet the proposed standards. As such, likely compliance 
responses include changes to SCR or TWC catalytic converters to include higher catalyst 
loadings, thus potentially increasing precious metal demand. For those vehicles with 
equivalent catalyst loading to the better performing vehicles, staff assume that only 
calibration work, such as updates to the software in the engine control module, would 
be needed. 


D. ZEV Proposals


Light-duty vehicle manufacturers are also subject to the ZEV Proposed Program that 
require this vehicle segment to expand to 100 percent ZEV and heavily electrified PHEV 
sales in California by 2035. In the current ZEV regulation, the manufacturers must meet 
a credit requirement for each model year based on their total California sales. Current 
ZEV requirements vary for manufacturers based on the number of vehicles they produce 
and deliver for sale in California, and credits per vehicle vary based on vehicle 
technology and performance attributes. Overcompliance with current ZEV requirement 
has generated a bank of credits that the new regulation must account for and define 
credit life to transition to 100 percent ZEV sales. Building on the success of electrification 
in the last 10 years, now is the appropriate time to push for all new vehicle sales in the 
light-duty sector to be electrified by the middle of the next decade. Every major 
manufacturer in California has announced electrification commitments and meaningful 
sustainability targets to meet not only California’s goals, but also those of the United 
States and the world. Additionally, falling costs of lithium batteries, advancements in 
battery chemistry and technology, and other electrification components impose modest 
incremental costs the market can sustain that deliver significant increases in 
performance. The technology necessary to meet a requirement for all new vehicle sales 
to be zero emission or plug-in hybrid has been or is capable of being developed in the 
time provided. 
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To fully realize 100 percent ZEVs and PHEVs, staff has taken a new approach in this 
proposal compared to prior regulatory changes. Overall, manufacturers must continue 
to meet a growing percentage of new vehicle sales to be ZEVs and PHEVs. However, 
instead of earning variable credit for each vehicle produced, staff is proposing minimum 
technical requirements for battery electric vehicles (BEVs) and PHEVs to count towards 
the annual percentage requirement. 


Further, since these ZEVs would replace all new vehicle sales of ICEVs by 2035, the 
proposal contains additional requirements for durability, warranty, electric charging 
standardization, battery labeling and serviceability, which are collectively called the ZEV 
assurance measures. 


1. ZEV Stringency: Annual Zero-Emission Vehicle Percentage 
Requirements


a) Summary
As currently written, the ZEV regulation requires manufactures to deliver for sale an 
increasing percentage of annual California sales as ZEVs or PHEVs, ending with a credit 
requirement of 22 percent in model year 2025. The existing ZEV requirement applies to 
manufacturers who produce and deliver for sale more than or equal to 4,500 light-duty 
vehicles on average annually in California, exempting those below 4,500 light duty 
vehicles indefinitely. In total, the requirements affect manufacturers responsible for 
approximately 98 percent of new passenger cars and trucks sold in California. 


Starting in the 2026 model year, staff proposes annual percent delivered for sale 
requirements stated in Table 2, which achieve 100 percent sales by 2035 model year:


Table 2: ZEV Percent Requirements for 2026 and Subsequent Model Years
Model Year Percentage Requirement


2026 35%
2027 43%
2028 51%
2029 59%
2030 68%
2031 76%
2032 82%
2033 88%
2034 94%


2035 and subsequent 100%


The requirements have a trajectory that is slightly more aggressive in the first 6 years of 
the regulation and moderately less aggressive in the final years to 2035. This is because 
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staff expect the largest-sized vehicle segments would take longer to electrify as costs 
remain high in the early years. 


Because small volume manufacturers typically certify only one or two test groups and 
represent less than 3 percent of California’s light duty vehicle market, staff proposes 
manufacturers who deliver for sale less than 4,500 light-duty vehicles in California 
annually must submit a compliance plan by the end of 2032 and must meet the 100 
percent ZEV and PHEV requirement no later than the 2035 model year. This would 
ensure a path for all manufacturers certifying light duty vehicles in California to be in 
compliance with 100 percent ZEV and PHEV sales beyond 2035 model year.


i) Requirement Structure
In the current ZEV regulation, manufacturers must meet an increasing annual credit 
requirement for each model year based on an average of their total California sales. As 
a result, requirements vary for manufacturers based on the total number of vehicles and 
are expressed in terms of credits. Manufacturers fulfill requirements by delivering for 
sale ZEVs and PHEVs which earn credits. Credits per vehicle vary based on vehicle 
technology and performance attributes, most notably the vehicle’s all-electric range. 
Currently, manufacturers can earn credits for qualifying vehicles and use, bank, and sell 
those credits to other manufacturers for use in future model years. Manufacturers overall 
are currently over complying with the standard and amassing credits for use toward 
future standards. Though over compliance does represent desired market growth, it 
does cause uncertainty for future ZEV volumes, especially for those manufacturers that 
have not fully committed to zero-emission technologies and are relying on credits from 
other manufacturers. Staff is therefore proposing to restructure the ZEV requirement for 
2026 and subsequent model years.


In general, manufacturers would still be required to produce ZEVs that meet certain 
minimum technical criteria to be able to apply that ZEV to their annual requirement. 
Alternatively, manufacturers can fulfill up to 20 percent of their annual requirement with 
PHEVs that also meet certain technical criteria, discussed below. Eligible ZEVs and 
PHEVs produced in excess of the requirement could be banked, traded, and used 
toward a subsequent model year requirement for up to 4 additional model years. For 
example, 2026 model year ZEVs delivered for sale in excess of a manufacturer’s 2026 
requirement could be used to meet a manufacturer’s requirement through the 2030 
model year. Allowing for manufacturers to bank and use excess vehicles in subsequent 
model years helps manage year to year fluctuations in annual vehicle volumes and still 
allow for full compliance. Limiting the life of banking within the program will help ensure 
manufacturers make progress toward future requirements rather than to accumulate 
large compliance banks to stave off further deployment of ZEVs.


Staff proposes manufacturers may fulfill a portion of their annual requirement with vehicles 
that generated ZEV credit prior to 2026 model year. Staff is putting forth three proposals 
related to this flexibility. First, staff proposes to convert pre-2026 banked credits to better 
fit in with the new regulatory structure. Pre-2026 ZEV credit banks are proposed to be 
divided by 4, which represents the maximum number of credits earned by a ZEV under the 
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existing regulation. Pre-2026 PHEV5 credit banks are proposed to be divided by 1.1, which 
represents the maximum number of credits earned by a PHEV under the existing regulation. 
After the credit banks are converted, staff proposes to further limit the use of these pre-
2026 MY credits, first by placing a 15 percent cap on each portion of the requirement 
annually, and second by expiring these converted credits after the 2030 model year. 


ii) Minimum Technical Requirements for Vehicles that 
Count towards the Requirement


2. Minimum Technical Requirements for ZEVs


A ZEV is defined as a vehicle that produces zero exhaust emissions of any criteria air 
pollutant (including precursors) or GHG emissions under any possible operational 
modes or conditions. Currently, BEVs and hydrogen fuel cell electric vehicles (FCEVs) 
meet the definition of a ZEV and can qualify to meet a manufacturers ZEV requirement, 
so long as other technical minimum requirements6 are also satisfied. Staff is proposing 
updating the technical minimum requirements of a ZEV to a 200-mile all electric certified 
combined city and highway test range. Additionally, staff is proposing that BEVs must 
have direct current (DC) fast charge capability, with inlets that conform with the Society 
of Automotive Engineers (SAE) J1772 Combined Charging Standard (CCS). To 
guarantee appropriate charging speeds, BEVs will be required at minimum to have a 
5.76-kilowatt (kW) on-board charger and be equipped with a 20-foot Underwriter 
Laboratory (UL) 2594 certified convenience cord capable of both level 1 and level 2 
electrical charging. Additionally, manufacturers would be required to comply with the 
durability, warranty, data standardization, service information, and battery label 
requirements described below.


3. Minimum Technical Requirements for PHEVs


A PHEV is defined as a vehicle that can draw propulsion power from multiple on-board 
sources including a combustible fuel and a traction battery, with the ability to charge 
the battery from an off-vehicle power source, such as the electric power grid. Currently, 
PHEVs are required to have at least 10 miles all electric range, must meet super-ultra-
low emission vehicle (SULEV) emission standards, and have an extended warranty on 
emission related parts. However, staff has found the actual emission reductions and 
electric vehicle miles traveled on the road by PHEVs are highly variable and consumer 
dependent. To that end, staff is proposing updated technical minimum requirements 
for PHEVs to count towards no more than 20 percent of a manufacturer’s annual ZEV 
requirement. Staff is proposing a minimum 50-mile all electric U.S. EPA label range and 
the ability to do at least 40 miles on an aggressive drive cycle (US06) to demonstrate 
the strength of the vehicle’s electric capability. Staff is also including a 3- year phase-in 


5 PHEV credit banks are referred to as “transitional zero emission vehicle credits” or “TZEV credits” in § 
1962.2, title 13, CCR. PHEV will be the nomenclature going forward, and TZEV will no longer be used in 
future regulations.
6 ZEVs currently earn credit for having an electric range of 50 miles or more on the Urban Dynamometer 
Drive Schedule (UDDS), utilizing a credit equation that scales with increased electric range.
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option for 2026 through 2028 model year PHEVs with more than 30 miles all-electric 
range, where manufacturers can earn partial credit based on the vehicle’s all-electric 
range and US06 capability. As with current PHEVs that count toward manufacturers 
requirements, 2026 and subsequent PHEVs would need to be certified to a SULEV 
emission bin and have an extended warranty on emission related components for 15 
years or 150,000 miles (whichever occurs first). As will be required of BEVs, PHEVs would 
be required, at a minimum, to have a 5.76 kW onboard charger and be equipped with 
a 20-foot UL certified convenience cord capable of both level 1 and level 2 electrical 
charging. Additionally, manufacturers would be required to comply with the warranty 
and battery label requirements described below.


a) Compliance Responses


i) Fleet Mix
The requirements of the ZEV regulation as proposed for amendment under the 
Proposed Program are designed to allow vehicle manufacturers to comply with these 
requirements in a variety of ways. While the proposed changed to the ZEV regulation 
would require manufacturers to deliver for sale actual ZEVs (i.e., BEVs or FCEVs), a 
portion of this requirement could also be fulfilled with PHEVs. 


Compliance by manufacturers with the ZEV regulation as proposed would significantly 
increase the number of ZEVs and PHEVs being sold and leased in California, as 
compared with the current regulation. Table 3 summarizes this projected increase. The 
proposed ZEV regulation also eliminates differences in the treatment of large- and 
intermediate-volume vehicle manufacturers in meeting the requirements.7 Some 
manufacturers are more focused on fulfilling their ZEV requirements with BEV 
technologies, while others are more interested in developing FCEVs. The projected 
numbers of PHEVs, BEVs, and FCEVs are based on the proposed regulatory requirement 
for each model year assuming that the manufacturers comply in the least costly way for 
converting their vehicle classes to a ZEV technology. 


Table 3: Projected Numbers of ZEVs Sold or Leased in California by Technology 
Type and Year


Year BEV PHEV FCEV Total
2026 599,844 63,665 5,616 669,125
2027 756,756 64,000 5,646 826,402
2028 875,698 103,775 5,674 985,147
2029 910,518 229,055 5,702 1,145,274
2030 1,062,766 230,144 33,343 1,326,253
2031 1,202,011 231,191 55,825 1,489,028


7 Large-volume manufacturers include companies that sell or lease more than 20,000 vehicles per year in 
California, and intermediate volume manufacturers are companies that sell more than 4,500 vehicles per 
year.
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Year BEV PHEV FCEV Total
2032 1,325,397 232,213 56,072 1,613,682
2033 1,449,595 233,198 56,310 1,739,103
2034 1,715,148 93,543 56,539 1,865,230
2035 1,752,019 183,238 56,759 1,992,017


Figure 1: Vehicle sales by technology type 


provides a summary of the ZEV sales by vehicle technology added to the fleet to comply 
with the proposed ZEV regulation by year. For example, in 2030 the figure shows a 
reduction of about 1,300,000 ICVEs relative to the baseline, which are projected to be 
replaced primarily with BEVs and some PHEVs and FCEVs.
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Figure 1: Vehicle sales by technology type


ii) Battery Production
The increase in ZEVs and PHEVs produced by manufacturers to meet requirements of 
the amended ZEV regulation would be accompanied by an increase in the production 
of propulsion batteries. Most of today's PHEVs and BEVs use lithium-ion batteries, 
though the exact chemistry often varies from that of consumer electronics batteries. 
Lithium-ion batteries are currently used in most portable consumer electronics such as 
cell phones and laptops because of their high energy per unit mass relative to other 
electrical energy storage systems. They also have a high power-to-weight ratio, high 
energy efficiency, good high-temperature performance, and low self-discharge. 


Table 4 shows staff estimates of the aggregated amount of propulsion batteries needed 
to meet the proposed requirements of the ZEV regulation. The battery capacity 
represents the amount of energy stored in a battery. Battery capacity expresses the 
projected increase of propulsion batteries because the amount of battery capacity 
installed in each vehicle would vary according to its size and desired range. CARB staff 
used the projected ZEV and PHEV volumes for each vehicle class to meet the proposed 
stringency and the battery sizes for each of those ZEV and PHEV technology packages 
to generate the required aggregate battery energy capacity for each model year of the 
proposed rule. By 2035, CARB staff estimates that approximately 150 gigawatt-hours of 
propulsion battery capacity will need to be produced annually to supply ZEVs and 
PHEVs in California.
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Table 4: Projected Annual Increase in Battery Production (GW-hr)
Year 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035


Capacity of 
Propulsion 
Batteries


43.2 54.5 63.4 68.7 83.5 97.1 109.3 121.5 145.0 150.8


Notes: GW-hr = gigawatt hours = 1,000,000,000 watts
Source: Projections estimated by CARB, 2022


It is expected that the longevity of batteries would be sufficient to serve their function 
during the full operational life of the vehicle and that they would not need to be 
replaced by the owner. Because the number of ZEVs and PHEVs produced would 
generally be offset by a corresponding decrease in production of internal combustion 
engine-based vehicles, a net increase in vehicle production facilities would not be 
anticipated. As the demand for propulsion batteries increases; however, new 
manufacturing facilities would likely need to be constructed and/or existing plants 
would be retooled to increase production. Some vehicle manufacturers would produce 
the batteries used in their cars while others would purchase the batteries from suppliers. 
Lithium-ion batteries require high quality-control, often including clean-room 
production facilities, which may necessitate the building of new production facilities. 


iii) Critical Mineral Demand
Reasonably foreseeable compliance responses for the ZEV regulation include an 
increase in demand for lithium-ion batteries, which could require an increase in 
manufacturing facilities and associated increases in lithium mining and exports from 
countries with raw mineral supplies. The U.S. is also a source for lithium (e.g., a mining 
operation currently exists in Nevada, and new facilities are planned in California). 
Demand for other critical mineral resources, such as cobalt, nickel, and manganese, is 
also likely to increase. 


(a) Lithium
To meet the demand for lithium, new mining operations would likely continue to 
develop, including potential operations in California. As with other extractive processes 
necessary for conventional vehicles, the mining of lithium and the other metals used in 
lithium-ion- batteries have an environmental footprint. Energy consumption, GHG gas 
emissions, sulfur dioxide emissions, and water consumption associated with extraction 
vary depending upon the extraction process. An Argonne National Laboratory 
assessment of the impacts associated with extraction from either concentrated lithium 
brine (naturally dried in large ponds to evaporate the water and concentrate the lithium) 
or lithium ores, determined that brine extraction had lower impacts.8


8 Kelly, Jarod C., Michael Wang, Qiang Dai, and Olumide Winjobi. 2021. “Energy, greenhouse gas, and 
water life cycle analysis of lithium carbonate and lithium hydroxide monohydrate from brine and ore 
resources and their use in lithium ion battery cathodes and lithium ion batteries.” Resources, 
Conservation and Recycling, 174 (2021): 105762. https://doi.org/10.1016/j.resconrec.2021.105762. 



https://doi.org/10.1016/j.resconrec.2021.105762
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However, there is another extraction method planned for California that promises a 
much smaller impact. It would exploit existing geothermal hot spots in the Salton Sea 
area. There, dissolved lithium exists in the superheated brines that are currently pumped 
from reservoirs 8,000 feet underground to the surface to extract the heat energy to 
generate electricity. Under the new process, lithium would be extracted from the brine 
before it is reinjected underground. General Motors is investing in Controlled Thermal 
Resources’ Hell’s Kitchen project in the Salton Sea area. The project could be producing 
60,000 tons of lithium per year by 2024, equal to the lithium battery requirements of as 
many as 6 million EVs—by mid-2024, making it the largest U.S. producer of lithium.9


The California Energy Commission has provided $7.8 million in funding to two other 
companies also planning to extract lithium from the Salton Sea area using a similar 
extraction technique. BHER Minerals, LLC will conduct a demonstration project at an 
existing geothermal power facility in Calipatria that can cost-effectively process at least 
100 gallons of geothermal brine per minute to produce battery-grade lithium carbonate, 
and Materials Research LLC will conduct a pilot-scale demonstration project that uses a 
newly developed sorbent material to extract lithium from brine and a separate process 
for the direct formation of high-purity lithium carbonate, which has additional economic 
value in industry and medicine.10


(b) Cobalt
Current lithium-ion EV batteries have shifted from a Lithium-Manganese-Oxide (LMO) 
based cathode chemistry to a Nickel-Manganese-Cobalt (NMC) or Nickel-Cobalt-
Aluminum (NCA) based chemistry for greater energy density and life. This shift to 
increased cobalt, however, presents issues with human rights concerns and potential 
supply constraints. Approximately 70 percent of all global mined cobalt production 
occurred in DRC Congo in 2019, and it is estimated that roughly 46 percent of global 
cobalt reserves reside in the DRC Congo.11,12 Cobalt is used in numerous diverse 
commercial, industrial, and military applications. On a global basis, the leading use of 
cobalt is in rechargeable battery electrodes.13 Superalloys, which are used to make parts 
for gas turbine engines, are another major use for cobalt. 


9 Morris, Charles. 2021. “GM invests in California geothermal lithium project.” ChargedEVs. July 14. 
Accessed March 11, 2022. https://chargedevs.com/newswire/gm-invests-in-california-geothermal-
lithium-project/. 
10 California Energy Commission. 2020. Geothermal, Lithium Recovery Projects Get Boost from 
California Energy Commission. May 13. Accessed March 11, 2022. 
https://www.energy.ca.gov/news/2020-05/geothermal-lithium-recovery-projects-get-boost-california-
energy-commission. 
11 United States Geological Survey. 2020. "Mineral Commodity Summaries, Cobalt (2019)" 
https://pubs.usgs.gov/periodicals/mcs2020/mcs2020-cobalt.pdf. 
12 United States Geological Survey. 2022. "Mineral Commodity Summaries, Cobalt (2021)." 
https://pubs.usgs.gov/periodicals/mcs2022/mcs2022-cobalt.pdf. 
13 USGS National Minerals Information Center. 2022. “Cobalt Statistics and Information” U.S. 
Department of the Interior. Accessed March 17, 2022. https://www.usgs.gov/centers/national-minerals-
information-center/cobalt-statistics-and-information 
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Due primarily to human rights concerns, industry is rapidly moving to batteries with 
lower cobalt chemistries. NMC111 batteries (also known as NMC333) are commonly 
used today and represent equal parts nickel, manganese, and cobalt, but other battery 
variations contain lower cobalt as a percentage. NMC811, which contains 80 percent 
nickel, 10 percent manganese, and 10 percent cobalt, is already in some products in the 
Chinese market and is expected to debut in other global products soon. UBS estimates 
that the use of cobalt would decline by 69 percent when switching from NMC111 based 
cathode chemistry to NMC811 on a per kWh basis.14 Telsa’s Model 3 and Y has lower 
cobalt content than what was, and is, produced in the Model S and X, which was also 
far less than what was in the original Roadster. Tesla claims that their current Panasonic 
NCA chemistry in Models 3 and Y produced in its Nevada Gigafactory contains less 
cobalt on a per kWh basis than NMC811 chemistries, and they have plans to move to a 
zero-cobalt chemistry. Similarly, GM announced that its Ultium batteries from LG Chem 
will use far less cobalt than its current products. It uses a new Nickel-Manganese-Cobalt-
Aluminum chemistry claimed to displace up to 70 percent of the cobalt that was used 
in original Bolt batteries. GM is also planning on working towards a zero cobalt and zero 
nickel cell.15


To ensure that other battery metals are sourced responsibly and do not rely on conflict 
minerals (e.g., minerals produced in countries suffering armed conflicts over resource 
control) or forced child labor, some manufacturers are also now requiring battery makers 
to use blockchain technology to ensure traceability of the mineral supply chain. For 
example, Volvo’s agreement with LG Chem requires the blockchain to include data on 
the origin, size, and weight, as well as the chain of custody of cobalt used in its batteries.


iv) Battery Reuse, Recycling, and Disposal
Lithium-ion batteries are currently expensive and represent a sizeable physical system 
in a vehicle (volume and mass). As a result, it is natural to consider battery second use 
where a vehicle battery is repurposed for other uses after reaching its useful life in the 
car or battery recycling (to minimize waste). 


U.S. automakers typically warrant traction or high-voltage batteries on BEVs to retain 
70 percent of their capacity for a period of 8 years or 100,000 miles, whichever comes 
first.16 (As discussed later, CARB will also be requiring minimum warranties under the 
ACC II Program.) The traction batteries on PHEVs certified to CARB’s current transitional 
ZEV standard are warranted for 10 years or 150,000 miles. During that period, the 
capacity of the battery will naturally degrade based on usage, thermal management, 
number of fast charging sessions, and other factors. If battery capacity drops below 70 
percent, or if the vehicle is out of warranty and the battery pack or individual modules 


14 Hummel, Patrick, David Lesne, Julian Radlinger, Chervine Golbaz, Colin Langan, Kohei Takahashi, 
David Mulholland, et al. 2017. Q-Series: UBS Evidence Lab Electric Cars Teardown. May 18. 
https://neo.ubs.com/shared/d1wkuDlEbYPjF/.  
15 Visnic, Bill. 2020. “GM's Ultium Battery System Future-Proofed.” SAE International. May 22. Accessed 
March 11, 2022. https://www.sae.org/news/2020/05/gm-ultium-battery-update.   
16 Office of Energy Efficiency & Renewable Energy, 2016. “Fact #913: February 22, 2016 The Most 
Common Warranty for Plug-In Vehicle Batteries is 8 Years/100,000 Miles”. Posted February 22, 2016.
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are replaced, those batteries can enter the first stage in the end-of-life management 
process: reuse (second life) or recycle. Fortunately, end-of-life management should be 
easier with automotive traction batteries than with consumer electronic batteries 
because the batteries are already aggregated in large quantities and are handled at a 
relatively small number of automaker or dismantler facilities, creating a stable supply of 
significant quantities to support the next stage of resource use.


Electric-drive vehicles are relatively new to the U.S. auto market, so to date only a small 
number of them have approached the end of their useful lives. As a result, few post-
consumer batteries from electric-drive vehicles are available; thus, limiting the extent of 
battery-recycling infrastructure. However, as electric-drive vehicles become increasingly 
common, the battery-recycling market is expected to expand in response to the supply 
of batteries and demand for the resource they can fulfill, described below. Academic 
studies and industry reports estimate a range of 112-275 GWh per year of second-life 
batteries becoming available by 2030 globally. California is the largest market for EVs 
in the U.S. and by 2027, an estimated 45,000 EV batteries could be retired from the 
state.17


(a) Battery Reuse
Properly thermally managed battery modules, with minimal degradation and free from 
defects or damage, can either be refurbished and reused directly as a warranty 
replacement for the same vehicle model or can be used for energy storage.18 Examples 
of energy storage applications include backup power for homes or cellular towers, or, 
in larger arrays, for large buildings like arenas or even in utility grid applications.19


Using vehicle battery packs (or modules from packs) for second use has significant 
potential. There are many public and private parties studying battery second use and 
the potential business opportunities. The business case for battery second use depends 
on the value of the competitive product, which would be new batteries specifically 
designed for stationary rather than vehicular purposes. Varying use profiles and 
applications are being considered. This includes back-up power for buildings (e.g., 
warehouses, cell phone towers) or energy storage for buildings and/or the grid to 
supplement renewable energy. Second-life energy storage, when used to back up the 
utility grid, offers the same power reliability at lower cost than more polluting and less 
efficient peaker generating plants (e.g., combined-cycle gas turbines). It also allows 
utilities to store excess renewable energy during periods of high production (e.g., solar 
generation during the afternoons) and use it when demand for energy ramps up in the 
evenings at the same time as renewables production drops off.


17 Ambrose, Hanjiro. 2020. “The Second-Life of Used EV Batteries.” Union of Concerned Scientists. May 
27. https://blog.ucsusa.org/hanjiro-ambrose/the-second-life-of-used-ev-batteries/. 
18 Ambrose, “Second-Life of Used EV Batteries”
19 Wentworth, Adam. 2018. “Amsterdam Arena Installs Major New Battery Storage.” Climate Action. 
July 2. Accessed March 11, 2022. https://www.climateaction.org/news/amsterdam-arena-installs-major-
new-battery-storage.   
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Preliminary analysis shows cost margins may be small, but there is strong potential for 
battery reuse to grow. Second-life batteries may be 30 to 70 percent less expensive 
than new ones in energy storage applications in 2025. Minimizing costs for removing 
the batteries from vehicles and repurposing them will be important. This includes 
identifying quick and low cost means to test the used battery’s varying cells for 
performance and life to determine if some cells need to be repaired or replaced. By 
2030, the second-life battery supply from the burgeoning electric vehicle market could 
exceed 200 gigawatt-hours per year, which could exceed demand by almost 
25 percent.20


Second-life batteries would reduce the demand for virgin materials used in the 
production of new energy storage batteries and could have an extended lifetime of 
approximately ten years in reuse applications.21


(b) Battery Recycling
Widespread battery recycling would keep hazardous materials from entering the waste 
stream, both at the end of a battery's useful life and during its production. Work is now 
under way to develop battery-recycling processes that minimize the lifecycle impacts of 
using batteries in vehicles. Batteries that power vehicles will be recycled at recycling 
facilities, where they will be transformed into valuable scrap commodities like cobalt, 
copper, nickel, and lithium carbonate, which can then be used to produce another 
battery more efficiently. Battery recycling can also reduce the demand for virgin 
materials used in the production of new batteries.22


At the battery recycling plants, the recycling process begins with manually sorting the 
batteries according to their chemistries (may also be done prior to arrival). NiCd, NiMH, 
Lithium-Ion and lead acid are often placed in designated boxes at the collection point. 
From there, not all recycling processes are the same:


· Pyrometallurgy. A smelting process is used to heat the batteries to high 
temperatures, driving off organics like separators and plastics as waste gases. 
The remaining nickel, cobalt, and copper is recovered in a mixed alloy that can 
be further separated using hydrometallurgy. The lithium and aluminum remain 
in a slag by-product. It is not economically viable to separate out the lithium 
hydrometallurgically, so instead, it is typically sold for use as an additive in


20 Engel, Hauke, Patrick Hertzke, and Giulia Siccardo. 2019. “Second-life EV batteries: The newest value 
pool in energy storage.” McKinsey & Company. April 19. Accessed March 11, 2022. 
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/second-life-ev-batteries-
the-newest-value-pool-in-energy-storage.  
21 Casals, Lluc Canals, B. Amante Garcia, and Camille Canal. 2019. "Second life batteries lifespan: Rest 
of useful life and environmental analysis." Journal of Environmental Management, February 15: 354-363. 
https://www.sciencedirect.com/science/article/pii/S0301479718313124.  
22 E.g., Dunn, Jessica, Margaret Slattery, Alissa Kendall, Hanjiro Ambrose, and Shuhan Shen. 2021. 
“Circularity of Lithium-Ion Battery Materials in Electric Vehicles.” Environ. Sci. Technol. 2021, 55, 8, 
5189–5198. https://pubs.acs.org/doi/abs/10.1021/acs.est.0c07030.
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concrete or as an insulation material.23 Pyrometallurgy is energy intensive and 
costly and can potentially emit hazardous gases. Additionally, in addition to not 
being able to recover the lithium easily, there is no ability to recycle the 
electrolyte or plastics. However, it has been an economically viable way to 
recover cobalt and nickel from batteries with high contents of one or both 
metals.


· Hydrometallurgy. This process dissolves battery constituents or alloys in acid 
to produce metal sulfates. It can be used to recover metals after a mechanical 
process or from the pyrometallurgy alloys or slag by-products with high 
recycling efficiencies. Hydrometallurgy requires less energy, but because of 
the cost of chemicals and purification, the process is complex and costly. It 
also generates a lot of wastewater.24


· Direct Recycling. This is a relatively new process that only targets the most 
valuable component of the battery – the cathode. The goal of direct recycling 
is to recover electrode materials in a suitable condition to be used as direct 
inputs in battery production, without separating each individual material. 
Direct recycling resynthesizes cathode materials through various chemical 
processes, yielding an alloy with similar if not identical properties to the new 
cathode material. The benefit of recovering usable cathode material is that it 
preserves the embedded energy and economic investment by avoiding the 
need to resynthesize cathode materials (e.g., lithium, nickel, cobalt, or 
manganese) into a cathode compound. Unlike the other two processes, it 
does not break down the crystalline structure of the cathode into its 
constituent elements, but instead allows a degraded cathode to be 
regenerated through a process called cathode relithiation. Typically, direct 
recycling involves physical separation of the cathode material from other 
components, washing of the PVDF binder, thermal treatment, lithium 
replenishment of the active material, and a final thermal treatment step. This 
is the least energy intensive of the processes but does not work with mixed 
battery chemistries and is furthest from full commercialization.25


Most components of lithium-ion batteries can be recycled, but the cost of material 
recovery remains a challenge for the industry.26 Separating the different kinds of battery 
materials is often a stumbling block in recovering high-value materials. Recycling 


23 Engel, Jan and Gretchen A. Macht. 2016. “Comparison of Lithium-Ion Recycling Processes for Electric 
Vehicle Batteries.” Proceedings of the 2016 Industrial and Systems Engineering Research Conference, 
2016. https://www.researchgate.net/publication/316858332_Comparison_of_Lithium-
Ion_Recycling_Processes_for_Electric_Vehicle_Batteries. 
24 Pavón, Sandra, Doreen Kaiser, Robert Mende and Martin Bertau. 2021. “COOL-Process—A Selective
Approach for Recycling Lithium Batteries.” Metals 2021, 11, 259. https://doi.org/10.3390/met11020259. 
25 ReCell Advanced Battery Recycling. n.d. “Direct Cathode Recycling.” Accessed March 11, 2022. 
https://recellcenter.org/research/direct-cathode-recycling/.  
26 US Department of Energy. n.d. “Batteries for Hybrid and Plug-In Vehicles.” Alternative Fuels Data 
Center. Accessed March 11, 2022. 
https://afdc.energy.gov/vehicles/electric_batteries.html#:~:text=Most%20plug%2Din%20hybrids%20an
d,%2Delectric%20vehicles%20(EVs).  
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impacts will depend, in part, on battery design that considers disassembly and recycling. 
Standardizing batteries, materials, and cell design would also make recycling easier and 
more cost-effective.27


Several companies in North America can recycle PEV batteries, but none have recycling 
facilities in California. If a company were to construct a facility in California with the 
intention of conducting recycling activities on hazardous wastes, it would require a form 
of authorization, for example a hazardous waste facility permit, from DTSC to conduct 
said treatment activities. 


Table 5 below describes the processes used and the commercialization stage of 
recycling facilities in North America. In the Recycling Process column, M=Mechanical 
Pretreatment, P=Pyrometalurgical, H=Hydrometallurgical, D=Direct Cathode 
Recycling.


Table 5: List of Battery Recycling Facilities in North America


Recycler Facility Location Recycling 
Process


Stage (pilot, commercial)


American Battery 
Technology Company 


Nevada M, H Pilot by 2022 


American Manganese 
Inc. 


British Columbia H Pilot plant


Battery Resources Massachusetts D Pilot plant


Battery Solutions Michigan H Commercial


Glencore Ontario, Canada P, H Process limited numbers 
and only cobalt chemistries.


INMETCO Pennsylvania P Commercial


Li-Cycle (Spoke 1) Toronto M Commercial


Li-Cycle (Spoke 2 and 
Hub)


New York M, H Pretreatment is 
Commercial, 
Hydrometallurgy is planned.


Li-Cycle (Spoke 3) Arizona M Planned


Lithion Recycling Quebec H Pilot plant under 
construction


OnTo Technology Oregon D Seeking industrial partners


Redwood Materials Nevada M, P, H Commercial


Retriev (Kinbursky 
Brothers)


Ohio,
British Columbia


M, Cryo-H Commercial


27 U.S. DOE, “Batteries for Hybrid and Plug-In Vehicles.” 
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Recycler Facility Location
Recycling 
Process Stage (pilot, commercial)


Tesla Gigafactory Nevada M, 
Unknown 
purification


Pilot


Umicore U.S. plant by 2030 P, H


(c) Federal Actions on Battery Recycling
At the federal level, there are regulations addressing the transportation and handling of 
batteries as universal waste, but there are no regulations promoting recycling. In 2018, 
the U.S. Department of Energy (DOE), in a joint venture with Argonne National 
Laboratory, established the ReCell Center, a lithium-ion battery recycling research 
center.28 In 2019, the DOE sponsored a Battery Recycling Prize to encourage innovative 
solutions to lithium-ion battery end-of-life management.29


The DOE’s National Renewable Energy Laboratory is developing design for recycling 
guidelines for batteries. These guidelines include using recycled materials, labelling, and 
easy removal of components and materials. These guidelines for battery and auto 
manufacturers could help to mitigate many of the challenges inherent in lithium-ion 
battery recycling.


(d) State Actions on Battery Recycling
California’s hazardous waste management regulations classify all types of batteries, 
including nickel-metal hydride and lithium-ion batteries, as hazardous waste when 
discarded and must be managed accordingly. More specifically, facilities that treat, 
store, dispose and recycle batteries in California are also regulated under California’s 
hazardous waste generator laws and regulations for Universal Waste (CCR, Title 22, § 
66261.9). These facilities are regulated and inspected by the California Department of 
Toxic Substances Control (DTSC), which is authorized by U.S. EPA to administer its own 
hazardous waste program for California. The local Certified Unified Program Agency 
(CUPA) is given authority to enforce hazardous waste management laws and regulations 
at the local level by the Secretary of CalEPA. Generators of universal wastes must recycle 
their waste by relinquishing it to the following: (1) a universal waste handler (e.g., 
household hazardous waste facility, a ‘Take-it-Back Partner’ such as retailers or 
manufacturers); (2) a universal waste transporter; or (3) a destination facility (facility 
permitted by DTSC to treat, store, dispose or recycle).


28 ReCell. 2022. “ReCell Advanced Battery Recycling.” U.S. Department of Energy Office of Science. 
Accessed March 17, 2022. https://recellcenter.org/ 
29 United States Department of Energy. 2019. “Energy Department Announces Battery Recycling Prize 
and Battery Recycling R&D Center.” January 17. Accessed March 11, 2022. 
https://www.energy.gov/articles/energy-department-announces-battery-recycling-prize-and-battery-
recycling-rd-center.  
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Assembly Bill 2832 (Dahle 2018)30, required the Secretary of the California 
Environmental Protection Agency (CalEPA) to convene a Lithium-Ion Car Battery 
Recycling Advisory Group to review and advise the Legislature on policies pertaining to 
the recovery and recycling of lithium-ion batteries sold with motor vehicles in the state. 
The Advisory Group is to submit policy recommendations to the California Legislature, 
on or before April 1, 2022, aimed at ensuring that as close to 100 percent as possible 
of lithium-ion vehicle batteries in the State are reused or recycled at end-of-life in a safe 
and cost-effective manner. The Advisory Group and its Recycle, Logistics, and Reuse 
Subcommittees have been meeting in consultation with universities and research 
institutions conducting battery recycling research, automakers, and the recycling 
industry approximately quarterly since November 2019. A draft report from the Advisory 
Group was released on December 1, 2020, focusing on two policy areas – defining 
responsibility for recycling and mitigating barriers to the reuse, repurposing, and 
recycling of lithium-ion batteries. Widely supported policies that address specific 
barriers include labeling and digital identifier requirements, incentives and a guaranteed 
permitting timeline for recycling facilities, enforcement of unlicensed dismantling laws, 
and development of strategic collection and sorting infrastructure to reduce 
transportation costs.31


In addition to the AB 2832 Advisory Group effort, signatories from CalRecycle, the 
California Public Utilities Commission (CPUC), the California Air Resources Board 
(CARB), and the California Energy Commission (CEC) have entered into a memorandum 
of understanding to cooperatively develop consistent approaches to the proper 
collection and management of used or damaged electric vehicle traction batteries and 
energy storage systems based on lithium-ion technology that can no longer serve their 
primary purpose. An interagency staff-level working group was convened in the first 
quarter of 2019 and held a public workshop the same quarter. Signatories will explore: 
how end-of-use materials can be recycled in a way that minimizes harm to the 
environment and public health; whether financially sustainable mechanisms exist to 
incentivize/facilitate the collection, reuse or recycling, and proper management of these 
technologies when they reach end-of-life; and solutions to adequately address these 
current and future technologies at end-of-life. The working group is developing a white 
paper which will provide policy recommendations for the end-of-life management of 
photovoltaic panels and batteries for electric vehicles and energy storage.


30 Codified in Article 3 (commencing with § 42450.5) of Chapter 8 of Part 3 of Division 30 of the Public 
Resources Code
31 Kendall, Alissa, Margaret Slattery, and Jessica Dunn. 2021. Lithium-ion Car Battery Recycling. Draft 
Report, Sacramento: CalEPA. https://www.calepa.ca.gov/wp-
content/uploads/sites/6/2021/12/Materials-Meeting-16-Lithium-ion-Car-Battery-Recycling-Advisory-
Group-AB-2832-Draft-Policy-Recommendations-as-of-12.01.2021.pdf.
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(e) Current Manufacturer Activities on Battery 
Reuse and Recycling 


Many automaker partnerships are already underway or are planned with battery 
recycling and reuse companies. Ford announced a global battery center of excellence 
called Ford Ion Park, which will accelerate battery research and development but will 
also work to optimize end-of-life.32 Ford has also teamed up with Redwood Materials on 
closed-loop battery recycling to put recycled content back into new batteries.33 General 
Motors (GM) reports that it has reused or recycled 100 percent of the battery packs 
received from customers, including those replaced through warranty service, and has 
launched the recyclemybattery.com website to share information with vehicle 
dismantlers on how to safely remove and ship battery packs. GM has also signed an 
agreement with Li-Cycle to recycle material scrap from new Ultium Cells battery 
manufacturing facilities.34,35 Hyundai has entered into separate agreements with 
Underwriters Laboratories (UL) and Wärtsilä, a company that has power plants and 
energy storage systems, to further the safe deployment and use of car batteries in 
energy storage systems.36,37 Kia and Hyundai have also entered into an agreement with 
battery maker SK Innovation on end-of-life reuse in energy storage systems and 
recycling. 38 39


32 Ford. 2021. “Ford Accelerates Battery R&D with Dedicated Team, New Global Battery Center of 
Excellence Named Ford Ion Park.” Ford Media Center. April 27. Accessed March 11, 2022. 
https://media.ford.com/content/fordmedia/fna/us/en/news/2021/04/27/ford-accelerates-battery-r-
d.html.  
33 Ford. 2021. “Ford, Redwood Materials Teaming Up on Closed-Loop Battery Recycling, U.S. Supply 
Chain.” Ford Media Center. September 22. Accessed March 23, 2022. 
https://media.ford.com/content/fordmedia/fna/us/en/news/2021/09/22/ford-redwood-materials-
battery-recycling.html 
34 General Motors. 2021. “Ultium Cells LLC and Li-Cycle Collaborate to Expand Recycling in North 
America.” GM Corporate Newsroom. May 11, 2021. Accessed March 11, 2022. 
https://media.gm.com/media/us/en/gm/news.detail.print.html/content/Pages/news/us/en/2021/may/05
11-ultium.html.  
35 McEachern, Sam. 2021. General Motors Launches Dedicated Battery Recycling Site. GM Authority. 
August 3. Accessed March 11, 2022. https://gmauthority.com/blog/2021/08/general-motors-launches-
dedicated-battery-recycling-site/.  
36 Kennedy, Ryan. 2021. “Hyundai and UL Ally to Give EV Batteries a Second Life.” PV Magazine. 
August 6. Accessed March 11, 2022. https://pv-magazine-usa.com/2021/08/06/hyundai-and-ul-ally-to-
give-ev-batteries-a-second-life/.   
37 Klijaic, Vanja. 2018. “Hyundai Has New Second-Life Use For Battery Packs.” InsideEVs. July 27. 
Accessed March 11, 2022. https://insideevs.com/news/338931/hyundai-has-new-second-life-use-for-
battery-packs/.   
38 Hyundai Motor Group. 2020. “SK Innovation to Collaborate on Development of EV Battery Industry 
Ecosystem.” Hyundai Media Center. September 8. Accessed March 11, 2022. 
https://www.hyundainews.com/en-us/releases/3123.  
39 Randall, Chris. 2021. “Kia and SK Innovation Plan Circular EV Battery Economy.” Electrive. April 29. 
Accessed March 11, 2022. https://www.electrive.com/2021/04/29/kia-sk-innovation-plan-circular-ev-
battery-economy/. 
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Nissan, in a joint venture with Sumitomo, established 4R Energy Corporation, which has 
been reusing Leaf batteries in the automated guided vehicles that work in its factories.40


Nissan has also been providing battery reuse applications for home and commercial 
energy storage, especially in Europe, even powering Amsterdam’s Johan Cruijff Arena 
stadium.41 Toyota, in partnership with Jera, a joint fuel-procurement venture between 
Tokyo Electric Power and Chubu Electric Power, is constructing large scale energy storage 
projects using second life plug-in electric vehicle (PEV) batteries.42 Volkswagen (VW) first 
assesses batteries to see if they can perform second-life duty in mobile energy storage 
systems. If not, they are discharged, dismantled, and shredded in a pilot recycling plant 
in Salzgitter, Germany. Material separation and hydrometallurgical processing then is 
carried out by VW partners.43 And, Stellantis announced during its EV Day in July 2021 
that it intends to maximize the full value of its packs, including through reuse and 
recycling.44


Tesla states that 100 percent of the battery packs returned to the company by 
consumers are recycled. Manufacturing scrap from its Gigafactory in Nevada is currently 
recycled by Redwood Materials just over 50 miles away,45 but the Gigafactory will be 
bringing both battery manufacturing scrap and end-of-life battery recycling in house, 
having installed the first phase of their recycling facility in late 2020.46 Redwood 
Materials meanwhile has announced a new 100 GWh battery material factory to further 
help create a circular supply chain for electric vehicles, and is working with Panasonic to 
supply recycled battery materials that will end up in Tesla vehicles.47 48


40 Beedham, Matthew. 2021. “Old Nissan Leaf batteries are now powering the robots that used to make 
them.” The Next Web. March 15. Accessed March 24, 2022. https://thenextweb.com/news/nissan-old-
leaf-batteries-robots-make-new-leafs. 
41 Kane, Mark. 2018. “148 Nissan LEAF Batteries Power This Stadium.” InsideEVs. June 30. Accessed 
March 11, 2022. https://insideevs.com/news/338994/148-nissan-leaf-batteries-power-this-stadium/. 
42 Cogan, Roy. 2018. “Toyota Aims at Reuse of EV Batteries.” March 30. Accessed March 11, 2022. 
https://greencarjournal.com/news/toyota-aims-at-reuse-of-ev-batteries/.  
43 Volkswagen of America. 2021. “Volkswagen Group Components begins battery recycling pilot.” VW 
US Media Site. January 29. Accessed March 22, 2022. https://media.vw.com/en-us/releases/1465 
44 Holman, Jacqueline. 2021. “Stellantis to source over 260 GWH in EV battery capacity by 2030.” S&P 
Global Commodity insights. July 08. Accessed March 22, 2022. 
https://www.spglobal.com/platts/en/market-insights/latest-news/electric-power/070821-stellantis-to-
source-over-260-gwh-in-ev-battery-capacity-by-2030 
45 Oberhaus, Daniel. 2020. “The Race to Crack Battery Recycling – Before it’s Too Late.” Wired. 
November 30, 2020. Accessed March 24, 2022. https://www.wired.com/story/the-race-to-crack-battery-
recycling-before-its-too-late/ 
46 Lambert, Fred. 2021. “Tesla claims 92% battery cell material recovery in new recycling process.” 
Electrek. August 9, 2021. Accessed March 11, 2022. https://electrek.co/2021/08/09/tesla-battery-cell-
material-recovery-new-recycling-process/. 
47 Lambert, Fred. 2021. “Tesla cofounder JB Straubel announces new 100 GWh battery material factory 
in the US.” Electrek. September 14, 2021. Accessed March 11, 2022. 
https://electrek.co/2021/09/14/tesla-co-founder-jb-straubel-100-gwh-battery-material-factory-us/.  
48 Lambert, Fred. 2022. “Panasonic turns to JB Straubel’s Redwood for recycled battery materials to 
supply Tesla Giga Nevada.” Electrek. January 4, 2022 Accessed March 24, 2022.  
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In addition to these individual efforts, Ford, General Motors, Honda, Stellantis, and 
Toyota are members of the Suppliers Partnership (SP) for the Environment Responsible 
Battery Working Group. According to SP, the working group provides a forum to 
promote information exchange on challenges and opportunities related to end-of-life 
battery management and to identify opportunities for collaboration across the value 
chain to advance best practices in responsible management of those batteries. SP states 
that the working group is developing strategies/practices for optimizing the safe and 
proper collection, storage, and transportation of end-of-life batteries and facilitating 
information sharing between automakers, suppliers, recyclers, and other stakeholders 
across the value chain.49


Beyond individual automaker partnerships with battery recycling companies, a new 
facility and operation was recently announced in Georgia to support growing electric 
vehicle manufacturing in that area.50 51


v) Plug-in Electric Vehicle Charging Infrastructure
Growth in plug-in electric vehicles (both BEVs and PHEVs) would be accompanied by 
increased demand for electric charging infrastructure. Plug-in electric vehicles require 
charging, which can take place at home using conventional household plugs or by using 
upgraded equipment at home or in the public. Virtually all plug-in electric vehicle drivers 
require at least one readily available charging station at their place of residence, in areas 
where their vehicle is commonly parked, or at stations that offer fast recharging. While 
most PEV drivers today charge at single-family homes, shared and public charging 
infrastructure will be increasingly critical as PEV adoption spreads beyond early adopters 
and to urban, rural, low-income, and disadvantaged communities.52 Several recent 
reports emphasize that continued growth in the PEV market will depend on driver 


https://electrek.co/2022/01/04/panasonic-jb-straubels-redwood-for-recycled-battery-materials-supply-
tesla-giga-nevada/. 
49 Suppliers Partnership for the Environment. 2022. “SP Responsible Battery Work Group.” Accessed 
March 24, 2022. https://www.supplierspartnership.org/responsible-battery-work-group/. 
50 State of Georgia. 2022. “Gov. Kemp: Battery Resourcers to Open North America’s Largest Lithium-
ion Battery Recycling Facility in Georgia, Create 150 Jobs.” Governor Brian P. Kemp Office of the 
Governor. January 05, 2022. Accessed March 24, 2022. https://gov.georgia.gov/press-releases/2022-
01-05/gov-kemp-battery-resourcers-open-north-americas-largest-lithium-ion. 
51 Klender, Joey. 2022. “Georgia lands $43M battery recycling plant project shortly after Rivian 
commitment.” Teslarati. January 10, 2022. Accessed March 11, 2022. 
https://www.teslarati.com/georgia-lands-43m-battery-recycling-project-battery-resourcers-rivian/. 
52 Eighty-three percent of California PEV drivers reside in detached houses, and these drivers charge 
primarily (≥84 percent) at home. Nicholas, Michael et al. 2019. Quantifying the Electric Vehicle Charging 
Infrastructure Gap Across U.S. Markets. The International Council on Clean Transportation. January 
2019. https://theicct.org/sites/default/files/publications/US_charging_Gap_20190124.pdf. 
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confidence in charging infrastructure.53,54 Drivers who lack reliable charging at home or 
work will rely on public charging for their mobility needs.


Chargers, sometimes referred to as electric vehicle supply equipment (EVSE), are 
manufactured appliances that safely deliver electricity to charge a plug-in electric 
vehicle. As summarized in Table 6, three categories are used to describe light-duty PEV 
chargers: Level 1, Level 2, and direct current (DC) fast charging. Level 1 charging uses a 
standard 120-volt receptacle (e.g., a typical wall outlet), and a charging cord set 
provided with most plug-in electric vehicles at the time of purchase. Level 2 charging is 
faster than Level 1, with a variety of power outputs from 16 to 40 amps at 240-volts. The 
higher power output results in faster charging, with 14 to 35 miles of electric range 
provided per hour of charging. Level 2 chargers are therefore common solutions for 
residential, commercial, and workplace settings.55 Level 1 and Level 2 chargers deliver 
alternating current (AC) electricity to the vehicle and use the Society of Automotive 
Engineering (SAE) J1772 standard connector. While all PEVs can use the SAE J1772 
connector,56 not all have a separate charging port compatible with DC fast charging. 


DC fast chargers deliver DC electricity to the vehicle and are the fastest charging option 
for plug-in electric vehicles, where a vehicle with a 100-mile range can obtain a full 
charge in approximately 30 minutes.57 New DC fast chargers capable of charging at 
even faster rates (with 150-350 kilowatts of power) are continuing to be installed and 
will significantly reduce charging times.58 DC fast chargers are used along major travel 
corridors and in urban environments where slower charging and overnight charging 
opportunities are less convenient. Three types of connectors are used for DC fast 
charging in the North American market: CHAdeMO, Combined Charging System (CCS), 
and Tesla. The charging inlet of a PEV determines the type of DC fast charging 
connector the vehicle can use.


53 A survey by Autolist indicated that lack of charging infrastructure was among the top three concerns 
among prospective buyers. Autolist. 2019. “Survey: Price, Range and Weak Charging Network Are Top 
Reasons Consumers Avoid EVs.” August 2019. https://www.autolist.com/news-and-analysis/survey-
electric-vehicles. 
54 Separately, a study conducted by the Harris Poll on behalf of Volvo found that lack of charging 
infrastructure was the second largest concern among drivers. Volvo Car USA. 2019. "The State of 
Electric Vehicles in America." Volvo Car USA Newsroom. February 26. Accessed March 11, 2022. 
https://www.media.volvocars.com/us/en-us/media/documentfile/249123/volvo-reports-the-state-of-
electric-vehicles-in-america.  
55 CALeVIP. 2021. “Electric Vehicle Charging 101.” Center of Sustainable Energy. Accessed March 11, 
2022. https://calevip.org/electric-vehicle-charging-101. 
56 Tesla vehicles require an adapter supplied at purchase to use the J1772 connector.
57 CALeVIP, “Electric Vehicle Charging 101”
58 Electrify America. 2022. “Our Investment Plan.” Accessed March 11, 2022. 
https://www.electrifyamerica.com/our-plan. 
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Table 6: Types of Chargers59


Parameter Level 1 Level 2 DC Fast Charger
Voltage 120 Volts AC 208-240 Volts AC 200-1000 Volts DC
Maximum power output in 
kilowatts (kW) 1.9 kW 19.2 kW 450 kW


Typical added range per 
hour of charging*


~4 miles at 1.44 
kW


~23 miles at 7.2 
kW


~90 miles in 30 
mins at 55 kW


~204 miles in 30 
mins at 150 kW


* Range estimates based on a 110 MPG-equivalent vehicle


AB 2127, ch. 365, stats. 2018, directs the California Energy Commission (CEC) to 
biennially examine existing and future charging infrastructure needs,60 which includes 
the chargers, hardware and software, make-ready electrical equipment,61 and other 
programs to accelerate the adoption of electric vehicles for light-, medium-, and heavy-
duty vehicles operating on roads and highways, as well as off-road, port, and airport 
electrification applications. The CEC has several concurrent analysis and modeling 
efforts covering these identified areas, and CEC staff have reported on charging 
infrastructure needs to meet the goal of 100 percent ZEV and PHEV sales by 2035.


To estimate infrastructure needed to meet the demand of California’s light-duty PEV 
drivers, a simulation model developed by the National Renewable Energy Laboratory 
(NREL) is used that helps determine the number, locations, and types of chargers 
required – this is called the Electric Vehicle Infrastructure Projection tool (EVI-Pro 2). EVI-
Pro estimates the charging demand from light-duty PEVs and designs a supply of 
residential (including for multi-unit dwellings (MUDs)), workplace, and public charging 
infrastructure capable of meeting the demand. 


The EVI-Pro 2 model projects that California will need more than 700,000 shared private 
and public chargers in 2030 to support 5 million ZEVs. Counts for chargers at 
workplaces, public destinations, and multiunit dwellings generally indicate the number 
of Level 2 chargers needed. In some cases, Level 1 chargers may be sufficient at select 
multiunit dwellings. These values do not include chargers at single-family homes.


59 Alexander, Matt, Noel Crisostomo, Wendell Krell, Jeffrey Lu, and Raja Ramesh. July 2021. Assembly 
Bill 2127 Electric Vehicle Charging Infrastructure Assessment: Analyzing Charging Needs to Support 
Zero-Emission Vehicles in 2030 – Commission Report. California Energy Commission. Publication 
Number: CEC-600-2021-001-CMR.
60 Assembly Bill No. 2127 (Ting, Statutes of 2018). Public Resource Code Section 25229. 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180AB2127. 
61 “Make-ready” refers to the electrical infrastructure required to operate a charger, such as 
transformers or wiring.
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Table 7: Projected 2030 Charger Counts to Support 5 Million Light-Duty Zero-
Emission Vehicles


Plug Type Charger count (in thousands)
MUDs 224


Workplace 188


Public 278


DC Fast Chargers 24


Total Chargers 714
Source: CEC and National Renewable Energy Laboratory62


Table 8 presents the range of EVI-Pro 2 results indicating the number of chargers 
needed to support 5 million ZEVs by 2030. 


Table 8: Annual Statewide EVI-Pro 2 Results for the IEPR Aggressive Forecast (5 
million ZEVs by 2030)


Year


MUDs
(Level 
1+2) 
Low


MUDs
(Level 
1+2) 
High


MUDs
(Level 
1+2) 
Low


MUDs
(Level 
1+2) 
High


Public 
(Level 2) 


Low


Public 
(Level 2) 


High


Public 
(DCFC) 


Low


Public 
(DCFC) 
High


Total 
Chargers 


Low


Total 
Chargers 


High


2020 64,243 96,056 31,087 31,878 59,499 60,711 3,723 3,850 158,551 192,494


2021 71,891 106,419 44,065 45,141 81,442 83,065 5,297 5,467 202,694 240,092


2022 80,897 119,894 57,110 58,375 101,253 103,165 6,476 6,675 245,735 288,109


2023 87,778 130,166 75,263 76,796 128,814 131,127 7,943 8,177 299,798 346,266


2024 93,696 139,017 90,588 92,343 152,421 155,078 7,767 7,997 344,471 394,434


2025 102,554 152,280 102,022 103,950 164,356 167,190 9,374 9,642 378,306 433,062


2026 117,978 175,244 117,504 119,660 186,487 189,639 10,461 10,754 432,430 495,297


2027 133,257 197,996 136,052 138,478 211,393 214,907 12,565 12,908 493,267 564,288


2028 148,610 220,869 152,316 154,980 233,521 237,353 14,441 14,828 548,888 628,031


2029 164,107 243,960 172,689 175,649 260,197 264,419 16,416 16,849 613,409 700,876


2030 179,973 267,620 186,403 189,564 275,613 280,059 17,476 17,934 659,464 755,177
Source: CEC and National Renewable Energy Laboratory63


Similarly, the Electric Vehicle Infrastructure for Road Trips (EVI-RoadTrip) model projects 
the number and locations of DC fast chargers needed to enable electrified road trips 
within and across California’s borders. EVI-RoadTrip focuses on long-distance 
interregional (100+ mile) trips, while EVI-Pro 2 focuses on short-distance intraregional 
trips for daily routines. Table 9 shows the number of needed DC fast chargers and 
stations in 2030 to support the BEV fleet of more than 5 million vehicles. These results 
show that California will need between 2,108 and 7,408 DC fast chargers (average of 


62 Alexander et al., Assembly Bill 2127 Electric Vehicle Charging Infrastructure Assessment
63 Alexander et al., Assembly Bill 2127 Electric Vehicle Charging Infrastructure Assessment
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4,758) located at 1,039 to 1,338 stations (average of 1,189) to support electric 
interregional travel. 


Table 9: DC Fast Charging Infrastructure Needed to Support 2030 Interregional 
Electric Travel for BEVs


Result Low Average High
DC Fast Charge Stations 1,039 1,189 1,338


DC Fast Chargers 2,108 4,758 7,408
Source: CEC and National Renewable Energy Laboratory


While EVI-RoadTrip addresses a unique use case and a unique charger fleet compared 
to EVI- Pro 2, in practice some DC fast chargers could be used for intraregional and 
interregional purposes. The estimates shown above do not reflect this synergy and, 
therefore, may slightly overestimate the number of needed DC fast chargers. 


Figure 2: Station Locations to Support 2030 Interregional Electric Travel for BEVs
Source: CEC, National Renewable Energy Laboratory, and Alternative Fuels Data Center


The map on the left side shows the existing DC fast charging station locations in 
California listed by the Alternative Fuels Data Center (retrieved April 2, 2021). The map 
on the right shows the simulated locations of needed fast charging infrastructure in 2030 
to support long-distance interregional travel for more than 5 million BEVs.
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Existing stations are largely concentrated in the major metropolitan areas of the state, 
with a sparser distribution along major highways in rural areas. The EVI-RoadTrip results 
indicate that by 2030, stations need to more thoroughly cover California’s road network 
to enable long-distance travel.


CARB staff assumes no additional compliance response related to charging-related 
proposals in the Proposed Program, including DCFC inlet standardization and 
convenience cords. Proposed requirements apply to minimum standards for BEVs and 
PHEVs that would count toward meeting a manufacturers ZEV requirement. 


In 2022, 51 vehicle models are expected to have the CCS1 inlet, 6 are expected to have 
the Tesla inlet and 2 are expected to have the CHAdeMO inlet for DC fast charging. 
The vehicle models with the CCS1 inlet already exist and therefore require no 
modifications to comply with the inlet standard. All other existing and new models with 
the Tesla or the CHAdeMO inlet are anticipated to incur no substantial modifications 
for this requirement because these vehicles already have the wire, cooling, necessary 
processing chips, and inlets for DC charging. This leaves the difference in the shape and 
configuration of the connector which can occur with vehicle redesign. Alternatively, 
manufacturers could choose to add the required connector in addition to their 
alternative connector or to provide an adapter to connect between their connector and 
the required one. However, both alternatives would be more costly and thus, an 
approach the manufacturer would utilize for reasons other than the proposed 
requirement. 


Currently, all manufacturers provide a convenience cord to customers who purchase 
BEVs and PHEVs, though not all current convenience cords meet the proposed 
standards. Industry leaders, such as Tesla, do supply customers with convenience cords 
that likely already meet the proposed requirements. As proposed, the more capable 
convenience cords provided with the vehicle may help reduce public infrastructure 
demand and enable more travel using electric drive. 


vi) Electricity Demand
The state’s electric grid has expanded and evolved over time as consumer demand for 
electricity services has grown with the modern lifestyle. Electrification of California’s 
transportation sector, particularly when combined with increased electrification of the 
state’s building stock, will pose a significant new challenge to grid planning and require 
investments in transmission and local distribution systems. New electric load from ZEVs 
has steadily increased in recent years and has the potential to grow rapidly over the next 
decades. As more Californians opt to purchase ZEVs with the expectation of having 
sufficient fueling availability, California’s existing electric system planning process must 
keep pace and make investments to ready the grid for new ZEV loads. The state’s 
planners are working to ensure this happens. 


The charging of BEVs and PHEVs has the potential for both positive and negative effects 
to the electric grid but charging millions of PEVs will introduce new load onto the electric 
grid. As shown in Figure 3, EVI-Pro 2 projects that electricity consumption in 2030 from  
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light-duty vehicle charging will reach around 5,400 megawatts (MW) around midnight 
and 4,600 MW around 10 a.m. on a typical weekday, increasing electricity demand by 
up to 25 and 20 percent at those times, respectively. While current results indicate that 
nonresidential charging demand will generally align with daytime solar generation, 
more than 60 percent of total charging energy will still be demanded when sunshine is 
not abundantly available. Charging load as modeled with EVI-Pro 2 could add up to 7 
and 8 percent to the total system electric load at 8 p.m. on weekdays and weekends, 
respectively. A projected surge of charging demand around midnight when off-peak 
electricity rates take effect may strain local distribution infrastructure.


Figure 3: Projected 2030 Statewide PEV Charging Load for Intraregional Travel of 
8 Million Light-Duty ZEVs in EVI-Pro 2
Source: CEC, National Renewable Energy Laboratory, and UC Davis


To fully realize the economic, air quality, and climate benefits of electrification, California 
must pursue greater vehicle-grid integration, or coordination of charging with grid needs, 
to ensure that charging is better aligned with clean, renewable electricity without 
sacrificing driver convenience. The timing of charging is a key determining factor. ZEVs 
are a unique electric load and are potentially advantageous compared to other types of 
load. In most circumstances, electric vehicles do not draw energy at the same time they 
are operating, and charging time is usually much shorter than vehicle dwell time. This 
provides flexibility to charge at times that are less impactful to the grid and at times of 
abundant renewable generation availability. Electric vehicles are also able to take 
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advantage of grid friendly vehicle-grid integration strategies, such as rate design, to 
encourage specific vehicle charging behaviors. Additionally, more advanced strategies, 
such as onsite and local software and hardware solutions, can shift a large portion of 
charging loads to hours that are less impactful to the grid, or to charge with renewable 
generation.


There are significant efforts underway to alter the load shape generated by vehicle 
charging, whether by use of electricity pricing incentives, actively managed or smart 
charging, or onboard programming of charging times. These would have the effect of 
moving the load off the peak. Modeling results from the CEC’s AB 2127 report suggest 
that with some residential charging management strategies, a large amount of charging 
load will align with daytime solar generation. Furthermore, demand for DC fast 
charging, as well as public and work Level 2 charging occurs mostly during the day. 
However, more than half of total charging energy demand still occurs outside solar 
generation hours (9 a.m. to 5 p.m.) and the sudden spike in charging load at midnight 
due to the simultaneous response to off-peak time-of-use rates may overload 
distribution equipment and affect power quality.64


At a system level, due to diversity of charging times, the electricity demand of these 
types of vehicles is relatively low; however, many PEV charging at once can affect utility 
generation and transmission assets. The potential stresses on the electric grid can be 
avoided through asset management, system design practices, and managed charging 
to shift a significant amount of the load away from system peak. Charging management 
strategies beyond time-of-use rates, including those that reflect wholesale prices and 
carbon intensity, will be needed to align electric vehicle loads with daytime solar 
generation. And residential charging technologies should be coordinated with 
distribution systems to lessen the impact of charging timed to begin at midnight. At 
current ZEV adoption rates, the electric system is likely able to accommodate increasing 
EV loads in the short term. However, depending on near-term adoption rates and 
longer-term growth, local distribution system impacts and transmission level constraints, 
(particularly when accounting for electrification across multiple vehicle classes), may 
occur and need to be planned for now. Traditional system planning and investments can 
be combined with new strategies, such as managed/smart charging.65 Further, storage 
could manage peak loads from charging in California, and models suggest that EV 
charging can reduce renewables curtailment anywhere from 25–90 percent.66


The CEC, California Independent System Operator (ISO), CPUC, CARB, and other 
stakeholders are working to update the state’s roadmap to integrate electric vehicle 
charging needs with the needs of the electrical grid. The update will reflect 
advancements in VGI technology and include actions the state can take to advance the 


64 Alexander et al., Assembly Bill 2127 Electric Vehicle Charging Infrastructure Assessment
65 Kintner-Meyer, M. et al. 2020. Electric Vehicles at Scale – Phase I Analysis: High EV Adoption Impacts 
on the Western U.S. Power Grid. Pacific Northwest National Laboratory. July 2020. 
https://www.pnnl.gov/sites/default/files/media/file/EV-AT-SCALE_1_IMPACTS_final.pdf 
66 Kintner-Meyer, M. et al., Electric Vehicles at Scale.
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goals established by the Governor’s Executive orders to put at least 5 million ZEVs on 
California roads by 2030 and install 250,000 electric vehicle chargers by 2025.


In December 2020, the CPUC adopted a decision on VGI which created metrics and 
strategies for advancing VGI and authorized almost $40 million for the utilities to spend 
piloting VGI technologies and programs. In November 2021, the CPUC adopted a 
Resolution creating a pathway for alternating current (AC) interconnection for vehicle-
to-grid integration and allowing some PEVs to more easily enable bidirectional mode. 
The CPUC is continuing to consider streamlining procedures for both PEV charging and 
bidirectional PEV interconnections.


To properly launch the PEV charging infrastructure necessary to meet California’s ZEV 
adoption goals, it is important to identify enough geographically dispersed locations 
that can economically host charging stations. The CEC’s EDGE model is designed to 
help users focus charger deployment strategies and plan infrastructure investments. The 
algorithmic approach compares the load contributions from the CEC’s infrastructure 
model results to the capacities of existing distribution grids in the state to host new 
electricity loads. If there is a capacity deficit in a location, EDGE flags that location as 
needing an infrastructure upgrade. Preliminary results as displayed in Figure 4 based 
on IOU Integration Capacity Analysis (ICA) maps show large areas of the grid with little 
to no excess capacity. Most electric utilities in California have enough capacity in urban 
areas to support PEV charging, but many rural areas may require local distribution grid 
upgrades.


CEC modeling indicates that the necessary make-ready infrastructure to support EVSEs 
requires special attention and investment. To support the needed infrastructure for 
PEVs in California, investment in transformers, meters, breakers, wires, conduit, and 
associated civil engineering work will be necessary. State agencies and electric utilities 
have already begun proactively planning for these electrical infrastructure updates 
through statewide energy system planning processes, such as the CEC’s IEPR 
forecasting, CAISO transmission planning, and CPUC integrated resource planning. 
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Figure 4: Capacity Analysis from CEC’s EDGE Model
Red lines indicate areas where the grid cannot accommodate additional load without 
any thermal or voltage violations. Grey hatched areas indicate regions where gaps in 
utility grid data exist (mostly in POU service areas). Colored lines, keyed in the legend, 
indicate the available circuit capacity in megawatts.
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vii) Fuel Cell Production, Recycling, and Disposal
Fuel cell electric vehicles are targeted to fit into both the LDV and heavy-duty vehicle 
(HDV) sectors. FCEV technology complements BEV technology. While both can be built 
into many vehicle platforms, FCEVs tend to offer advantages for vehicles in applications 
that present challenges to BEVs. This includes applications that require long-distance 
driving, fast refueling, operation in cold weather, and hauling (or towing) heavier loads. 
In particular, the long range and fast refueling times (under five minutes) make FCEVs 
well suited to demanding duty cycles for larger LDV platforms. The increase in FCEVs 
produced by manufacturers to meet requirements of the amended ZEV regulation 
would be accompanied by an increase in the production of hydrogen fuel cells. As the 
demand for automotive fuel cells increases, new manufacturing facilities may need to 
be constructed and/or existing plants would be retooled to increase production. Some 
vehicle manufacturers would produce fuel cells in their own facilities while others would 
purchase the fuel cells from suppliers. However, because the number of FCEVs 
produced would generally be offset by a corresponding decrease in production of 
internal combustion engine-based vehicles, a net increase in vehicle production facilities 
would not be anticipated. 


FCEVs are full electric drive vehicles where the propulsion energy typically supplied by 
a battery is supplied by hydrogen and a fuel cell stack that transforms the chemical 
energy stored in hydrogen into electricity as needed. The inputs of the electrochemical 
process for the fuel cell stack are oxygen and hydrogen, with the byproducts being 
electricity, water, and heat. The major components of the fuel cell system include the 
fuel cell stack, the hydrogen storage (tank), balance of plant (e.g., valves, safety release, 
vent, fill tubes), and a battery pack for dynamic load balancing/response, moving the 
motor directly, capturing braking regeneration, and energy storage. Additionally, the 
system includes coolant subsystems, an air handling subsystem with compressor-
expander module (CEM) precooling, and humidification.


The fuel cell stack is much like a battery in that it consists of an anode, a cathode, and 
dividing electrolyte membrane (thus the name of the type used for light-duty 
applications: proton exchange membrane fuel cell).67 Additional stack components 
include the gas diffusion layer (GDL) that helps transport hydrogen and oxygen from 
flow channels to the anode and cathode surfaces, as well as separator plates that divide 
each individual cell.


Platinum is a vital component of proton exchange membrane fuel cells, which is the 
leading type of fuel cell that would be used in FCEVs. The proton exchange membrane 
fuel cell’s primary advantages include low operating temperature, high electric current 
densities, fast start capability, no corrosive fluid spillage hazard, low weight, small size, 


67 EPA, 2016. U.S. Environmental Protection Agency, U.S. National Highway Traffic Safety 
Administration, California Air Resources Board, "Draft Technical Assessment Report: Midterm 
Evaluation of Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel 
Economy Standards for Model Years 2022-2025," July, 2016. 
https://www3.epa.gov/otaq/climate/documents/mte/420d16900.pdf 
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and potentially low-cost to manufacture. Platinum serves as the catalyst that splits 
hydrogen into ions and electrical current. Thus, increased production and sales of FCEVs 
would be accompanied by an increase in demand for platinum and platinum-group 
metals. However, the leading demand sector for platinum-group metals is currently 
catalysts to decrease emissions of criteria air pollutants in both light- and heavy-duty 
vehicles. Because the number of FCEVs produced would generally be offset by a 
corresponding decrease in production of internal combustion engine-based vehicles, a 
net increase in platinum demand would not be anticipated. 


Fuel cells are manufactured once for each vehicle and are designed to last for the 
lifetime of the vehicle, which is somewhere between 150,000 and 200,000 miles, or 15 
to 20 years. The Society of Automotive Engineers formed a Committee for Fuel Cell 
Standards that has published “Recommended Practice to Design for Recycling Proton 
Exchange Membrane (PEM) Fuel Cell Systems.” This publication advises manufacturers 
to consider environmental impacts and recommended practices when producing 
recyclable fuel cells for automotive use. More specifically, the report explains ways fuel 
cell design can account for the need to disassemble and recycle the product at the end 
of its useful life. 


viii) Hydrogen Fueling, Supply, and Production 
Like an increase in demand for plug-in electric vehicle chargers, fueling infrastructure 
for fuel cell electric vehicles will also be needed. It is anticipated that new individual 
hydrogen fueling facilities would be constructed at existing public retail gasoline service 
stations. Most stations are currently located in urban areas where they are positioned 
to serve the most drivers in the early FCEV market. As the market grows, geographic 
coverage will need to expand and become established in a more diverse set of regions, 
including urban and rural locations.). For all locations, new hydrogen stations will be 
built consistent with local zoning. 


Building a new hydrogen fueling facility would typically take place at an existing retail 
gas station where the facilities and equipment required for hydrogen fueling could fit 
within the available square footage of larger gas station sites (e.g., within the same 
footprint of a carwash). Development of a new facility would include obtaining the 
standard design and building approvals and permits from the city, county and state 
authorities having jurisdiction. For the equipment area, construction would typically 
include minor trenching and filling for utilities and pouring concrete foundations for 
walls and equipment pads. Major equipment present at the station would include 
hydrogen storage tanks that hold either liquid or compressed gas, a hydrogen 
compression system, a refrigeration/cooling unit, safety monitors and sensors, a system 
control panel, and a hydrogen fuel dispenser. 


The hydrogen dispenser would typically be added to the end of an existing fueling 
island. However, in some cases, a gasoline dispenser may be removed and replaced 
with a hydrogen dispenser, or a separate stand-alone hydrogen dispensing island with 
or without a canopy may be added to the station. Like at a gasoline station, a FCEV pulls 
up to a hydrogen dispenser that is designed and built to appear like a gasoline 
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dispenser. The dispenser nozzle often looks like a nozzle on a natural gas or propane 
dispenser. The nozzle locks on to the receptacle on the vehicle and, when the seal is 
tight, gaseous hydrogen fuel flows into the tank. 


In total, California is expected to have more than 176 Open-Retail hydrogen fueling 
stations by 2026 and may meet the AB 8 goal of at least 100 stations by the end of 2023. 
The California Energy Commission also plans to fund additional stations to close the 
gap to 200 stations funded by 2025 in Executive Order B-48-18.68 69Accounting for all 
currently funded station projects, by 2026 the total hydrogen fueling capacity in the 
state would be sufficient for cumulative deployment of approximately 250,000 FCEVs in 
California. Auto manufacturers have responded positively to this reinforced outlook for 
fueling network development, though many additional factors contribute in varying 
degree to auto manufacturers’ deployment decisions. The network’s planned future 
capacity provides opportunity for auto manufacturers to continue accelerating the 
planning and deployment of FCEVs in California over the coming years.70


Like gasoline stations, most hydrogen stations have their onsite fuel supply delivered by 
a tanker truck. Gaseous hydrogen is stored in banks of long narrow tanks secured to a 
truck trailer bed (referred to as a tube trailer), and liquid hydrogen is stored in large 
above-ground tanks. The liquid hydrogen vaporizes at ambient temperature to a 
gaseous state and is compressed before dispensing into the FCEV. Hydrogen stored in 
gaseous state usually undergoes additional compression before dispensing. Hydrogen 
delivery frequency depends on the amount stored at each station, state of the hydrogen 
stored (gaseous or liquid) and demand for hydrogen at the station. Deliveries of gaseous 
hydrogen may either involve replacing an empty tube trailer with a full one (a process 
that takes less than one hour) or transferring hydrogen from a delivery tube trailer to 
the on-site bulk hydrogen storage tubes (which typically takes longer than the trailer 
swap method). One station in California also receives gaseous hydrogen via pipeline, 
which may become a more common form of hydrogen delivery depending on 
technology advancement and FCEV adoption rate. Delivery of liquid hydrogen involves 
the transfer of liquid hydrogen from the tanker truck to the station’s storage tank, a 
process that would typically require approximately 2 hours. 


In only a few locations, stations produce hydrogen onsite through electrolysis or steam 
methane reformation (SMR). An electrolyzer uses electrical power to separate water 
molecules into hydrogen and oxygen. A SMR generates steam and uses it to separate 
the hydrogen from the natural gas molecule. The hydrogen is then purified, stored, and 
compressed for dispensing. Maintenance of the station consists of regular safety 


68 Brecht, Patrick. 2021. 2021–2023 Investment Plan Update for the Clean Transportation Program. 
California Energy Commission. Publication Number: CEC-600-2021-038-CMF.
69 State of California Governor Edmund G. Brown, Jr. 2018. Executive Order B-48-18. January 26. 
Accessed March 1, 2022. https://www.library.ca.gov/wp-
content/uploads/GovernmentPublications/executive-order-proclamation/39-B-48-18.pdf.   
70 CARB, 2021. 2021 Annual Evaluation of Fuel Cell Electric Vehicle Deployment and Hydrogen Fuel 
Station Network Development. California Air Resource Board. 
https://ww2.arb.ca.gov/sites/default/files/2021-09/2021_AB-8_FINAL.pdf 



https://www.library.ca.gov/wp-content/uploads/GovernmentPublications/executive-order-proclamation/39-B-48-18.pdf
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checking of hoses, nozzles, and related equipment; calibration of sensors and 
dispensers; compressor repairs; valve/solenoid checks; and normal lubrication.


For delivered gaseous hydrogen, modifications to central plants may be necessary to 
further purify the hydrogen so that it meets the purity standards required for FCEVs 
Hydrogen as a transportation fuel requires higher purity levels than hydrogen for 
industrial uses because fuel cells stack membranes are sensitive to impurities. Plant 
modifications are also necessary so that purified hydrogen can be compressed and 
dispensed into delivery trailers. The construction work associated with these plant 
modifications would have to satisfy State and local requirements for permitting, 
hazardous materials, and other resource areas, which are typically handled by local 
agencies. Additional land may be required to install the equipment, which may or may 
not fit within the hydrogen plant’s existing fence line. Any earthwork activities that could 
generate dust would have to be conducted in accordance with local ordinances 
regarding dust and earthwork. Emissions associated with the operation of the hydrogen 
purification and compression equipment would be subject to the authority of the local 
air pollution control district. Any release of combustible gases could be vented through 
the facility’s existing flare system. Hazardous wastes, such as lubrication oil waste and 
catalyst waste associated with the purification equipment, would be generated in small 
quantities. Existing hydrogen production facilities would manage additional hazardous 
wastes associated with the new operations according to their existing hazardous waste 
permits. It is important to note that California standards for hydrogen production 
require that 33 percent of the hydrogen that is produced for transportation be made 
from eligible renewable resources (California Public Utilities Code § 399.12).


ix) Consumer Response Effects
CARB staff’s Proposed Program would increase new vehicle upfront prices in the near-
term; however, many PEV applications can lower vehicle operating costs on a cost-per-
mile basis compared to conventional internal combustion engine vehicles. Changes in 
vehicle prices and other attributes may affect consumer purchase decisions and 
behavior. For example, not all consumers may be willing to pay more for the vehicle that 
they might have otherwise purchased, and some consumers may purchase a used 
vehicle instead of a new vehicle that would be in accordance with their respective 
budgets. Others may wait until the following year or respond in some other way. Such 
decision changes can affect the California vehicle fleet mix and possibly emissions. 


Additionally, some suggest that the lower operating costs of PEVs will lead to a 
“rebound effect.” The rebound effect refers to an economic theory suggesting 
consumers would drive more if the vehicles they use are cheaper to operate. As a result 
of this potential action by consumers to drive more, there may be associated impacts 
relative to safety, economic benefits of additional accessibility for drivers, increased 
traffic congestion, and increased vehicle miles travelled (VMT). If lower operating costs 
do indeed lead to increased driving (i.e., the VMT rebound effect), it could offset some 
of the anticipated GHG emissions reductions. 
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Studies of the rebound effect have mainly been in the context of ICEVs and conventional 
hybrid vehicles, with limited research in the context of PEVs. For conventional cars, on 
average, an elasticity or rebound effect estimated in ranges from 8–14 percent has 
found some support, but the long-term effect is more likely close to zero.71 Other studies 
have found that while lower electricity prices at home may lead to a higher share of PEV 
VMT in total household VMT, there is no presence of rebound effect from current PEV 
drivers. 72 While there is no evidence that the lower running costs of PEVs will cause 
drivers to travel more, this cannot be ruled out as a possibility in an increasingly 
changing PEV market. 


In the worst-case scenario, it can be assumed that the rebound effect of approximately 
10 percent for conventional vehicles is also applicable to PEVs. CARB staff examined 
the extent to which VMT levels in California may increase due to the incremental 
reduction in operating costs associated with implementation of the proposed regulatory 
changes. The incremental increase in VMT due to rebound effects was estimated using 
the percent difference in the cost-per-mile between ZEVs and PHEVs compared to ICE 
vehicles and applying a 10 percent elasticity assumption. As a result, VMT may increase 
approximately 4 percent due to rebound as a worst-case estimate. 


4. ZEV Assurance Measures


Currently, ICEVs are required to not only meet criteria air pollutant standards, but also 
to guarantee and meet those certification levels throughout the vehicle’s life, which are 
broadly called durability standards. Manufacturers are also required to provide a 
minimum warranty on the emission control systems and must be equipped with on-
board diagnostics (OBD) meant to track and diagnose emission failures over the life of 
the vehicle. Lastly, manufacturers must provide repair information and make available 
the necessary tooling to non-dealer repair shops. Together these requirements help to 
control the emissions of the ICEVs over the life of the vehicles and ensure that failures 
are diagnosed and able to be repaired quickly. ZEVs have never been brought into these 
types of requirements, as volumes have been low, and technology has been quickly 
changing. However, to support the drastic and necessary change of the light duty fleet 
and ensure ZEVs meet market expectations necessary to displace emissions from 
conventional engines, staff is proposing the following ZEV Assurance Measures meant 
to ensure ZEVs, both as an option for new vehicle buyers and used vehicle buyers, can 
be fully effective replacements for ICEVs in every household in California. 


71 Gillingham, Kenneth. 2018. The Rebound Effect of Fuel Economy Standards: Comment on the Safer 
Affordable Fuel-Efficient (SAFE). Vehicles Proposed Rule for Model Years 2021–2026 Passenger Cars 
and Light Trucks. October 24, 2018. https://ww2.arb.ca.gov/sites/default/files/2020-
04/10_24_2018_gillingham_yale_rebound_effect_ac_0.pdf.
72 Chakrabotry, Debapriya, Scott Hardman, and Gil Tal. 2022. "Integrating plug-in electric vehicles 
(PEVs) into household fleets- factors influencing miles traveled by PEV owners in California." Travel 
Behaviour and Society 26: 67-83. https://doi.org/10.1016/j.tbs.2021.09.004 
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a) Durability


i) Summary
Staff proposes BEV and FCEV test groups must be designed to maintain 80 percent of 
certified combined city and highway test range for 10 years or 150,000 miles, whichever 
occurs first. Manufacturers will be required to submit battery state of health data at age 
3 and age 6 of the vehicles to show compliance with the standard over useful life. CARB 
will retain the right to pull, at minimum, 10 vehicles from the test group in for verification 
testing. If 5 or more of the vehicles fail CARB initiated durability testing, the 
manufacturer will be required to submit a compliance plan, which could include remedy 
up to recall of all the vehicles within the test group.


ii) Compliance Responses
Based on information submitted by manufacturers, the dominant share of many ZEVs 
currently in production would likely be able to meet the proposed 10-year/150,000-mile 
durability requirement to maintain 80 percent of certified two cycle electric range. Public 
data from Tesla also supports that current production vehicles are on track to exceed 
this durability on vehicles introduced over 4 years ago.73 In discussions with 
manufacturers and suppliers, manufacturers have consistently indicated a projected 
durability above the proposal for most vehicle owners.


However, manufacturers have expressed concern that some consumers could experience 
more rapid degradation because of habits including frequency and depth of fast charging, 
resting state of charge, or storing their vehicle in extreme ambient air temperatures. From 
rapid aging of batteries and individual cells during development, manufacturers know 
that continual operation with some of these practices can cause more aggressive 
degradation in the battery. Therefore, manufacturers are pursuing improvements to the 
battery itself to make it less sensitive to such variances in usage. They are also 
implementing engineering solutions beyond the battery itself and into the vehicle thermal 
management, charging control, and even consumer education about optimal usage. For 
example, modifications to the software in the battery management system could set 
limitations during DC fast charging sessions to better regulate battery temperature.


This provision could result in longer-lasting ZEVs that could help reduce solid waste, 
manufacturing, and disposal impacts from ZEVs and vehicles generally, as ZEVs tend to 
have far fewer parts than conventional vehicles that must be made and ultimately 
disposed of.


b) Battery Warranty


i) Summary
Staff proposes that manufacturers provide a minimum warranty of 3 years or 50,000 
miles (or 7 years, 70,000 miles for high priced parts, or those that are more than a 


73 Tesla. 2020. “2020 Tesla Impact Report.” Released 2021. Accessed January 31, 2022. 
https://www.tesla.com/ns_videos/2020-tesla-impact-report.pdf.  
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consumer price index adjusted number, currently approximately 650 dollars) for all 
powertrain (propulsion-related) components, excluding the traction battery. For traction 
batteries in BEVs and PHEVs, staff proposes a minimum 8 year or 100,000-mile 70-
percent state of health warranty for 2026 through 2030 model year. Staff is proposing 
to increase the state-of-health from 70-percent to 75-percent for 2031 and subsequent 
model year BEVs and PHEVs. In addition to the minimum warranty length, staff proposes 
BEVs and FCEVs be included into the same warranty reporting requirements applicable 
to ICEVs and PHEVs. Additionally, as with ICEVs, if a manufacturer in its reporting shows 
more than 4 percent of warranty failures of a single component within a test group, the 
manufacturer will be required to submit a corrective action plan that could include 
remedy up to recall. 


ii) Compliance Responses
Staff is proposing minimum warranty requirements for ZEVs: one set of requirements 
for propulsion-related parts, not including the battery, and a separate set of 
requirements for the battery. Staff’s proposals for these warranties are largely in line 
with what manufacturers are currently offering on ZEVs, but notably would extend 
warranty coverage for some powertrain components and impose a more rigorous and 
objective battery warranty.


CARB staff assessed the current coverage offered on several ZEV models to identify 
likely incremental differences to what the proposal would require. The proposed 
definition for coverage for all propulsion-related components is typically broader than 
what manufacturers have called out as electric drivetrain or powertrain components. 
Second, while most manufacturers offer a ‘bumper-to-bumper’ warranty of 3/36k (3 
years or 36,000 miles), slightly shorter than the proposed 3/50k component warranty, 
every ICEV is already required to have an emission-related component warranty of 3/50k 
that covers a significantly higher number of individual components than it would cover 
on BEVs. Further, Tesla, the one BEV-only manufacturer with products that are not 
currently subject to this emission-warranty requirement, already offers a 4/50k basic 
vehicle warranty that exceeds the proposed requirement. As such, no compliance 
response is deemed necessary for the 3-year/50k warranty. 


While virtually every BEV is offered with some sort of extended warranty for a portion 
of the electric drivetrain, this warranty does not exactly align with the proposed high-
priced category that would necessitate 7/70k coverage in the proposal, yet there is 
significant overlap in the component coverage. To the extent that some manufacturers 
currently have more restrictive policies offering coverage for fewer components than 
others, the highly competitive market is likely to require those manufacturers to match 
coverage offered by their competitors before staff’s proposal would take effect. The 
majority of these drivetrain coverages are already for terms that exceed the proposed 
7/70k such as 8/100k+ or 10/100k. CARB staff assumes that the slight differences in 
coverage would be offset by the shorter term of the proposal, therefore no additional 
compliance response is needed for the 7/70k component warranty. 
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Manufacturers would likely take several actions in response to the proposed battery 
warranty. Battery technology is continuing to evolve, and improvements are being made 
to better understand the physical and chemical methods of degradation and changes 
to the chemistry, construction, and management of the battery to counteract or prevent 
such degradation. Even more importantly, manufacturers are learning at a rapid pace 
about how BEVs are being used across a large base of customers and what the battery 
is exposed to because of that usage. This is allowing them to continually target patterns 
that emerge in more rapid degradation and engineer solutions to avoid that usage 
subjecting the battery to the damaging conditions. For example, manufacturers can, 
and are, limiting the state of charge window that can be used by a customer, routinely 
or even dynamically based on current battery conditions, better ensuring the health of 
the battery by minimizing risk for over or under voltage excursions. Manufacturers can 
and are optimizing battery thermal conditioning systems to minimize battery operation 
in higher temperatures that can be damaging. Manufacturers are even implementing 
preventative measures to modify charging behavior based on the current condition of 
the battery. Further, with the increasing trend towards vehicle software that can be 
updated remotely, or ‘over-the-air’, manufacturers are able to take advantage of 
learning even after the vehicle is already in service and deploy further improvements. 


In the occurrence of a vehicle battery falling below the required warranty trigger of 70 
percent state of health, the manufacturer is not obligated or expected to replace the 
entire battery pack or to install a brand-new battery pack equivalent to the capacity that 
existed on day one of the vehicle’s life. Manufacturers are allowed, and most currently 
already have practices in place, to restore/repair/replace/rebuild as needed to return 
the battery to a state of health appropriate for the age and mileage of the vehicle. This 
is an important distinction to note as it can dramatically reduce impacts associated with 
individual warranty repairs. 


c) Service Information and Standardized Data Parameters


i) Summary
Staff is proposing to require the same access and disclosure of repair information to 
independent repair shops as is required for ICEVs. For ZEVs, this will be information for 
propulsion-related component repairs. As with ICEVs, manufacturers will be required to 
comply with the same tooling standardization requirements to be able to reprogram the 
vehicle electronic control unit. Staff is requiring standardized data related to vehicle 
usage as well as access to propulsion-related fault codes. Staff is proposing vehicles be 
equipped with a standardized data connector and follow standardized communication 
protocols to be able to access this subset of information on the vehicle.
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ii) Compliance Responses
Most manufacturers, largely as a result of a Massachusetts law known as the Right-to-
Repair Act,74 already make available all (not just emission-related or propulsion-related) 
repair information for ICEVs and for ZEVs through voluntary compliance with a 
Memorandum of Understanding (MOU) that provides for access in all states.75 Tesla, the 
one manufacturer not currently making cars subject to CARB’s service information rule, 
has not signed a similar MOU but has recently begun to provide access to at least a 
portion of its repair information and tooling.76 As a result, staff assumes no additional 
compliance response for this element of the proposal, as both the information required 
by the Right-to-Repair Act and the information Tesla appears to currently be making 
available are a larger subset of repair and tooling information than just the propulsion-
related information that would be required by the proposal.


The service information proposal also requires manufacturers to make their information 
available, at a fair and reasonable price, to third party service information providers. 
Likewise, the regulation has similar requirements for manufacturers to make available 
tooling information to third party tool manufacturers to replicate the function and data 
that the OEM scan tools provide to authorized service technicians to help them diagnose 
and repair vehicles. In addition to making available information and tooling, the service 
information regulation also mandates that emission-related, or in the case of ZEVs, 
propulsion-related, electronic control units (ECUs, e.g., the onboard computers) that are 
reprogrammable in the field by repair technicians, must be able to be reprogrammed 
using a standardized hardware interface compliant with SAE J2534 “Recommended 
Practice for Pass-Thru Vehicle Programming.” All traditional ICEV manufacturers currently 
meet this requirement, and future manufacturers can comply with software packages.


d) Battery Label


i) Summary 
Staff’s proposal would result in high volumes of batteries that would eventually go into 
second life applications or would need to be recycled or disposed. Ensuring the success 
of endeavors to avoid waste would help increase the recycled content available for 
future battery development and decrease the demand for new critical mineral resources. 
Requiring information to be provided on the battery itself can help enable these second 
use and recycling processes. Staff proposes requiring a battery label for all vehicles with 
a traction battery, or a battery used to power the electric motors of hybrid electric 


74 The Commonwealth of Massachusetts. An Act Protecting Motor Vehicle Owners and Small Businesses 
in Repairing Motor Vehicles. House No.4362. Filed July 31, 2012. 
https://malegislature.gov/Bills/187/H4362. 
75 Alliance and Global Automakers. 2014. Right to Repair Memorandum of Understanding. Washington 
Area New Automobile Dealers Association. January 15, 2014. Accessed March 11, 2022. 
https://wanada.org/wp-content/uploads/2021/01/R2R-MOU-and-Agreement-SIGNED.pdf. 
76 Tesla. 2022. “Service Subscriptions.” Accessed March 10, 2022. https://service.tesla.com/service-
subscription. 



https://malegislature.gov/Bills/187/H4362

https://wanada.org/wp-content/uploads/2021/01/R2R-MOU-and-Agreement-SIGNED.pdf

https://service.tesla.com/service-subscription

https://service.tesla.com/service-subscription





Advanced Clean Cars II Project Description
Draft Environmental Analysis


58


vehicles, battery electric vehicles, and fuel cell electric vehicles. The proposed required 
label would contain four key pieces of information:


· Cell cathode chemistry
· Capacity performance 
· Composition and voltage
· Digital identified (QR Code) linked to a digital repository that could be 


updated overtime with information relevant to secondary users, vehicle 
dismantlers, and recyclers.


ii) Compliance Responses
This proposal requires that specific information be printed directly on a label, a QR code 
to be printed on the label that links to a website with additional information, and for 
such a label to be attached to each portion of the battery pack intended to be replaced 
separately. This would apply to conventional hybrids, FCEVs, PHEVs, and BEVs. 
Manufacturers and suppliers are already commonly labeling virtually every component 
including the battery with printed labels, so no compliance response is deemed 
necessary to create or apply labels. These labels would either replace or supplement 
the existing labels already being used and installed during the manufacturing process.


Staff’s proposal will result in high volumes of batteries that will eventually go into second 
life applications or will need to be recycled. To improve the economics of recycling and 
reuse, it is important to improve separation technology to recover battery cells, develop 
greater recycling process flexibility, and standardize battery materials and designs.77 Staff 
anticipates that requiring information to be made known on the battery itself can help 
enable these second use and recycling processes, which can increase the recycled content 
available for future battery development and decrease the demand for new critical 
mineral resources. 


5. ZEV Regulatory Flexibilities


a) Summary


i) Environmental Justice Vehicle Values 
Staff are proposing that optional environmental justice (EJ) vehicle values be awarded 
to manufacturers under the ZEV regulation who help increase affordable access to ZEVs 
for priority communities. The environmental justice allowance would be a distinct 
category under the ZEV regulation where vehicle values earned can be banked, traded, 
and used in 2026 through 2031 model years. Staff is also proposing a 5 percent cap on 
EJ values that can be used in any given year to fulfill a manufacturer’s annual 
requirement under the regulation. After 2031 model year these optional EJ values 
expire. The EJ values are aimed at providing manufacturers additional vehicle values for 


77 Gaines, Linda. 2014. “The future of automotive lithium-ion battery recycling: Charting a sustainable 
course.” Sustainable Materials and Technologies 1-2 (2014) 2-7. November 15, 2014. 
http://dx.doi.org/10.1016/j.susmat.2014.10.001. 
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voluntary actions that help achieve more equitable outcomes and that increase access 
and exposure to ZEV technologies for underserved communities.


EJ values can be earned in three ways: 


· ZEVs and PHEVs remaining in California after leasing term. A 2026 through 
2028 model-year ZEV or PHEV can earn an additional 0.10 vehicle value if they 
were under an MRSP cap, initially leased in California as new and subsequently 
sold at end of lease to a dealership participating in a financial assistance 
program. 


· Discounted ZEVs and PHEVs placed in a community-based clean mobility 
program. 2026 through 2031 model-year ZEVs and 6-passenger PHEVs that 
are placed at a minimum discount of 25 percent in a community mobility 
program can earn an additional 0.50 and 0.40 vehicle value, respectively. 


· Low-Priced ZEVs and PHEVs. A 2026 through 2028 model-year ZEV or PHEV 
delivered for sale with a MSRP less than or equal to $20,275 for passenger 
cars and less than or equal to $26,670 for light-duty trucks could earn an 
additional 0.10 vehicle value.


ii) Pooling with California and Section 177 States
Section 177 of the Clean Air Act allows other States to adopt California’s regulations 
to help attain criteria air pollutant emission reductions. At present, 14 states have 
adopted California’s ZEV regulation: Colorado, Connecticut, Maine, Maryland, 
Massachusetts, Minnesota, Nevada, New Jersey, New York, Oregon, Rhode Island, 
Vermont, Virginia, and Washington. Though it is unknown which states will adopt the 
proposed Advanced Clean Cars II regulation for 2026 and subsequent model years, it 
can be assumed that states will still exercise the right to adopt California’s ZEV 
regulation to spur the sale in the absence of a federal ZEV regulation. 


To provide some flexibility to manufacturers in 2026 through 2030 model years, 
particularly in states where ZEV adoption is not currently as high as in California, 
manufacturers will be allowed to transfer or “pool” ZEVs delivered for sale in excess of 
their individual state requirement to meet up to 25 percent of their annual requirement 
in 2026, declining thereafter, as shown in Table 10. For example, ZEVs earned in excess 
of a manufacturers California requirement can be transferred to meet the manufacturers 
requirement, up to the allowed cap, in New York. “Pooling” maintains the overall 
stringency of the ZEV regulation while allowing for minor state-to-state variability in 
vehicles sales. 


Table 10: Maximum Percent of Annual Requirement Allowed using Pooled ZEVs
Model Year 2026 2027 2028 2029 2030
Pooling Cap 25% 20% 15% 10% 5%
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iii) Early Compliance 
Staff is proposing to reward progress above current market shares, and thus is 
calibrated to award value depending on sales averages in states with greater or lesser 
current market development – thereby rewarding progress in states still coming up to 
speed, or accelerated progress in more developed markets, while not diluting overall 
regulatory requirements. Staff proposes to allow manufacturers who deliver for sale 
more than 20 percent new vehicle sales on average in 2024 and 2025 model year, in a 
state that has a total sales average above 7 percent ZEVs and PHEVs in 2020 through 
2022, may optionally bank values associated with those vehicles above 20 percent 
sales for use in 2026 through 2028 model year. For those states that have a 2020 
through 2022 ZEV and PHEV sales average below 7 percent, manufacturer who deliver 
for sale more than 7 percent new vehicle sales on average in 2024 and 2025 model 
year can earn values to use in 2026 through 2028 model years. These early compliance 
values may meet up to 15 percent of a manufacturer’s annual ZEV requirement and 
are treated as though they were earned in the model year. For example, a 
manufacturer with an obligation of 100 in 2026 model year could fulfill its obligation 
with 85 ZEV values from 2026 model year and 15 ZEV values from 2024 and 2025 
model years.  


b) Compliance Response
These provisions provide flexibilities to manufacturers to meet their ZEV requirement. 
Environmental Justice allowances could result in a decrease in the number of ZEVs and 
PHEVs delivered for sale in model years 2026 to 2031 since these allowances can be 
used to meet up to 5 percent of a manufacturer’s compliance. On the other hand, 
pooling is likely to increase the number of ZEVs and PHEVs delivered for sale in 
California relative to the regulatory ZEV stringency requirement since it is likely that 
manufacturers will over comply in states that have large market potential, such as 
California, to meet compliance in other states. Early compliance vehicle values provide 
flexibility to manufacturers who are building a market prior to 2026 model year, 
rewarding manufacturers for being on a clear path to compliance with the new ZEV 
requirements.


E. The “Project” as a Combined Regulatory Amendment 
Package


The “project,” as defined by CEQA, undergoing environmental review in this EA is the 
combined set of amendments to the LEV criteria and ZEV regulations (Proposed 
Program). The amendments to these regulations are analyzed as one project, because 
the regulations are related and compliance responses by vehicle manufacturers and fuel 
providers would have a combined effect on the statewide vehicle fleet, the ways light- 
and medium-duty vehicles are sold and leased, and the availability and use of alternative 
fuels. This is necessary to provide a comprehensive review of the combined, or 
cumulative, effect of these regulatory amendments. 
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F. Summary of Compliance Responses


To meet the requirements for criteria air pollutant (including precursor) emissions of the 
Proposed Program, manufacturers would be expected to reduce emissions using a 
range of technologies and solutions. Manufacturers would be expected to improve 
current emission control system technologies across their light- and medium-duty 
vehicle fleet to clean up vehicles that perform poorly under real-world driving 
conditions. Based on past compliance with previous versions of the LEV regulation (i.e., 
LEV I, LEV II, and LEV III), these improved emission control systems would be expected 
to include improved evaporative emission control systems based on vehicle redesign, 
more efficient catalysts with higher precious metal loadings, and better calibration of 
vehicles. 


Implementation of the Proposed Program for ZEVs would result in an increase in 
manufacturing of ZEVs and PHEVs, along with a corresponding decrease in the 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium and platinum 
mining and exports from source countries or other states. Increased demand for lithium-
ion batteries could increase battery production and manufacture, which could result in 
the expansion of or construction of new battery facilities.


The Proposed Program would also result in the construction of new hydrogen fueling 
stations and electric vehicle charging stations to support ZEV operations. Likewise, 
increased deployment of ZEVs would result in an increase in production and distribution 
of electricity and hydrogen fuel, while potentially decreasing rates of oil and gas 
extraction.


Disposal of any portion of vehicles, including portions of lithium-ion batteries that could 
not be repurposed, would be subject to and must comply with existing laws and 
regulations governing solid and hazardous waste, such as California’s Hazardous Waste 
Control laws (Health and Safety Code, Division 20, Chapter 6.5; 22 CCR, Division 4.5), 
and implementing regulations, such as California’s Universal Waste Rule (22 CCR 
Division 4.5, Chapter 23). Disposal of used batteries into solid waste landfills is 
prohibited; however, they could be refurbished, reused, or disposed of as hazardous 
waste. For lithium-ion batteries, it is anticipated they still have a useful life at the end of 
vehicle life and are likely to be repurposed for a second life. To meet an increased 
demand of refurbishing, reusing, and recycling of batteries and fuel cells, new facilities 
may be constructed or modifications to existing facilities may occur.


The Proposed Program would require BEVs, FCEVs, and PHEVs that count toward a 
manufacturer’s ZEV requirement to meet a suite of ZEV assurance measures, which 
include durability, battery warranty, battery labeling, service information, charging 
standardization, and on-board data standardization. Most of these proposed measures 
mimic similar standards already in place for gasoline vehicles. Therefore, as the fleet is 
converted from ICEVs to ZEVs, most of these measures will not result in a new 
compliance response. However, these measures may result in less solid waste, 
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manufacturing, and disposal impacts as the ZEVs and PHEVs last longer, are more 
accessible for repair, and their batteries are labelled for convenient reuse or recycle.
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3.0 ENVIRONMENTAL AND REGULATORY SETTING


The California Environmental Quality Act (CEQA) Guidelines require an environmental 
impact report (EIR) to include an environmental setting section that discusses the current 
environmental conditions in the vicinity of the project. This environmental setting 
normally constitutes the baseline physical conditions against which an impact is 
compared to determine whether it is significant (14 CCR § 15125). For this Draft 
Environmental Analysis (EA), the California Air Resources Board (CARB) is using a 2021 
baseline, as that is the year in which the environmental analysis commenced (the Notice 
of Preparation was posted on July 21, 2021.


As discussed in Chapter 1 of this Draft EA, CARB has a CEQA certified regulatory 
program and prepares an EA in lieu of an EIR. This Draft EA is a functional equivalent to 
an EIR under CEQA; therefore, in an effort to comply with the policy objectives of 
CEQA, an environmental setting and a regulatory setting with environmental laws and 
regulations relevant to the Proposed Program have been included as Attachment A to 
this Draft EA.
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4.0 IMPACT ANALYSIS AND MITIGATION MEASURES 


A. Approach to the Environmental Impacts Analysis and
Significance Determination


This chapter contains an analysis of environmental impacts and mitigation measures 
associated with Advanced Clean Cars (ACC) II Program (Proposed Program). The 
California Environmental Quality Act (CEQA) states the baseline for determining the 
significance of environmental impacts would normally be the existing conditions at the 
time the environmental review is initiated (Title 14 California CCR § 15125(a)). Therefore, 
significance determinations reflected in this Draft Environmental Analysis (EA) are based 
on a comparison of the potential environmental consequences of the Proposed Program 
with the regulatory setting and physical conditions in 2020 (see Attachment A). For the 
purpose of determining whether the Proposed Program may have a potential effect on 
the environment, CARB evaluated the potential physical changes to the environment 
resulting from the reasonably foreseeable compliance responses described in further 
detail in Chapter 2 of this Draft EA. A table summarizing all the potential impacts and 
proposed mitigation for each resource area discussed below is included in Attachment 
B to this document.


The reasonably foreseeable compliance responses associated with the Proposed 
Program are analyzed in a programmatic manner for several reasons: (1) any individual 
action or activity would be carried out under the same authorizing regulatory authority; 
(2) the reasonably foreseeable compliance responses would result in generally similar
environmental effects that can be mitigated in similar ways (Title 14 CCR § 15168(a)(4));
and (3) while the types of foreseeable compliance responses can be reasonably
predicted, the specific location, design, and setting of the potential actions cannot
feasibly be known at this time. If a later activity would have environmental effects that
are not examined within this Draft EA, the public agency with authority over the later
activity may be required to conduct additional environmental review as required by
CEQA or other applicable law.


The analysis is based on reasonably foreseeable compliance responses that are based 
on a set of reasonable assumptions. While the compliance responses described in this 
Draft EA are not the only conceivable ones, they provide a credible basis for impact 
conclusions that are consistent with available evidence. And, as discussed in this Draft 
EA Chapter 2, the evaluation of certain compliance responses would be speculative 
under CEQA. CEQA does not require evaluation of speculative impacts (Title 14 CCR § 
15145). For that reason, an evaluation of effects of these responses are not required 
and is not included in this analysis. The analysis also includes actions that could likely 
occur under a broad range of the potential scenarios. The impact discussions reflect a 
conservative assessment to describe the type and magnitude of effects that may occur 
(i.e., the conclusions tend to overstate adverse effects) because the specific location, 
extent, and design of potential new and/or modified facilities cannot be known at this 
time.
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1. Adverse Environmental Impacts 


The potentially significant adverse impacts on the environment discussed in this Draft 
EA, and significance determinations for those effects, reflect the programmatic nature 
of the reasonably foreseeable compliance responses of the regulated entities. These 
reasonably foreseeable compliance responses are described in more detail in Chapter 
2 (Project Description) of this Draft EA. The Draft EA addresses broadly defined types 
of impacts or actions that may be taken by others in the future as a result of 
implementation of the Proposed Program.


This Draft EA takes a conservative approach and considers some environmental impacts 
as potentially significant because of the inherent uncertainties in the relationship 
between physical actions that are reasonably foreseeable under the Proposed Program 
and environmentally sensitive resources or conditions that may be affected. This 
conservative approach tends to overstate environmental impacts in light of these 
uncertainties and is intended to satisfy the good-faith, full-disclosure intention of CEQA. 
If and when specific projects are proposed and subjected to project-level environmental 
review, it is expected that many of the impacts recognized as potentially significant in 
this Draft EA can actually be avoided or reduced to a less-than-significant level.


Where applicable, consistent with CARB’s certified regulatory program requirements 
(Title 17 CCR § 60004.2), this Draft EA also acknowledges potential beneficial effects 
on the environment in each resource area that may result from implementation of the 
Proposed Program. Any beneficial impacts associated with the Proposed Program are 
included in the impact analysis for each resource area listed below.


2. Mitigation Measures


The Draft EA contains a degree of uncertainty regarding implementation of feasible 
mitigation for potentially significant impacts. “‘Feasible’ means capable of being 
accomplished in a successful manner within a reasonable period of time, taking into 
account economic, environmental, social, and technological factors.” (Cal. Public 
Resources Code, § 21061.1) While CARB is responsible for adopting the Proposed 
Program, it does not have authority over all the potential infrastructure and development 
projects that could be carried out in response to the Proposed Program. Other agencies 
are responsible for the review and approval, including any required environmental 
analysis, of any facilities and infrastructure that are reasonably foreseeable, including any 
definition and adoption of feasible project-specific mitigation measures, and any 
monitoring of mitigation implementation. For example, local cities or counties must 
review and decide to approve proposals to construct new facilities; CARB does not have 
jurisdiction over land use permitting of any potential development associated with the 
compliance responses. (Cal. Const., Article XI, § 7 [“A county or city may make and 
enforce within its limits all local, police, sanitary, and other ordinances and regulations 
not in conflict with general laws.”]; California Building Industry Assn. v. City of San Jose 
(2015) 61 Cal.4th 435, 455; Big Creek Lumber Co. v. County of Santa Cruz (2006) 38 
Cal.4th 1139, 1151-1152; HSC §§ 39000-44474 [CARB’s statutory authority provides no 
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authority to regulate local land use permitting].) Additionally, State and/or federal 
permits may be needed for specific environmental resource impacts, such as take of 
endangered species, filling of wetlands, and streambed alteration.


Because CARB cannot predict the location, design, or setting of specific projects that 
may result and does not have authority over implementation of specific infrastructure 
projects that may occur, the programmatic analysis in the Draft EA does not allow for 
identification of the precise details of project-specific mitigation. As a result, there is 
inherent uncertainty in the degree of feasible mitigation that would ultimately need to 
be implemented to reduce any potentially significant impacts identified in the Draft EA. 


Given the foregoing, and due to legal factors affecting the feasibility of CARB’s 
proposed mitigation for several of the identified potential significant indirect impacts 
associated with the Proposed Program, CARB’s implementation of the identified 
mitigation measures is infeasible, based on the following: 1) the lack of certainty of the 
scope, siting and specific design details of compliance-response development projects, 
which prevents CARB from being able to determine the projects’ significant 
environmental impacts; and 2) although there was certainty with respect to compliance-
response development projects and associated significant environmental impacts, 
CARB lacks the legal authority and jurisdiction to permit these projects, which, 
inherently, prevents CARB from legally imposing any enforceable mitigation measures 
on the projects. Therefore, CARB’s implementation of the mitigation measures 
suggested, below, in this EA are legally infeasible to enforce.


Consequently, this Draft EA takes the conservative approach in its post-mitigation 
significance conclusions (i.e., tending to overstate the risk that feasible mitigation may 
not be sufficient to mitigate an impact to less than significant) and discloses, for CEQA 
compliance purposes, that potentially significant environmental impacts may be 
unavoidable, where appropriate. It is also possible that the amount of mitigation 
necessary to reduce environmental impacts to below a significant level may be far less 
than disclosed in this Draft EA on a case-by-case basis. It is expected that many 
potentially significant impacts of facility and infrastructure projects would be avoidable 
or mitigatable to a less-than-significant level as an outcome of their project-specific 
environmental review processes, conducted by the appropriate permitting agency with 
jurisdiction as the lead agency under CEQA. 


B. Resource Area Impacts and Mitigation Measures


The following discussion provides a programmatic analysis of the reasonably 
foreseeable compliance responses that could result from implementation of the 
Proposed Program, described in Chapter 2 of this Draft EA. These impacts are discussed 
under each environmental resource area in accordance with the topics presented in the 
Environmental Checklist in Appendix G to the CEQA Guidelines (Title 14 CCR § 15000 
et. seq). These impact discussions are followed by the types of mitigation measures that 
could be required to reduce potentially significant environmental impacts.
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1. Aesthetics


Landscape character can be defined as the visual and cultural image of a geographic 
area. It consists of the combination of physical, biological, and cultural attributes that 
make each landscape identifiable or unique. Visual character may range from 
predominately natural to heavily influenced by human development. Its value is related, 
in part, to the importance of a site to those who view it. Viewer groups typically include 
residents, motorists, and recreation users.


Impact 1-1: Short-Term Construction-Related and Long-Term Operational-Related 
Effects on Aesthetics


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities78. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Short-term construction-related activities associated with the reasonably foreseeable 
compliance responses would involve typical off-road construction equipment (e.g., 
backhoes, graders, dozers) and on-road heavy duty vehicles for transport of materials 
to and from construction sites. Earth moving, paving, or other activities could create 
temporary mounds or piles of dirt or require staging areas where materials or equipment 
would be temporarily stored. Depending on the hours when construction is conducted, 
sources of glare or lighting could be present. Although there is uncertainty regarding 
the locations of these activities, scenic vistas or views from a State scenic highway could 
be degraded by the presence of heavy-duty equipment, glare, lighting, or disturbed 
earth. 


78 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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Although it is reasonably foreseeable that activities associated with new or modified 
facilities could occur, there is uncertainty as to the exact location or character of any 
new facilities or modification of existing facilities. Some of the reasonably foreseeable 
compliance responses could be accomplished with minimal ground-disturbing activity 
or other changes to the existing visual setting. For instance, increased recycling and 
refurbishment of lithium batteries could be performed within existing recycling centers 
that undergo internal retrofitting. The outward appearance of such facilities would not 
require physical modifications that could degrade the visual character or quality of the 
surrounding area. Thus, visual impacts would not be substantial in these cases. 


However, development of new facilities for the manufacture of ZEVs, PHEVs and 
infrastructure would be expected to occur in areas appropriately zoned. Such facilities 
could conceivably introduce or increase the presence of visible artificial elements (e.g., 
heavy-duty equipment, new or expanded buildings, electric charging and hydrogen 
fueling stations) in areas of scenic importance, such as visibility from State scenic 
highways. The visual impact of such development would depend on several variables, 
including the type and size of facilities, distance and angle of view, visual prominence 
(including presence of visual obstructions), and placement in the landscape. In addition, 
facility operation may introduce substantial sources of glare, exhaust plumes, and 
nighttime lighting for safety and security purposes. These types of impacts could result 
in significant effects on aesthetic resources.


Increased use of ZEVs and PHEVs will produce additional demand for batteries, such as 
lithium-ion and nickel metal hydride (NiMH) batteries, resulting in increased demand for 
lithium, nickel, and cobalt. Discrete impacts for these resources are discussed below.


Worldwide, the majority (80 to 90 percent) of raw lithium is currently mined and 
exported from Australia, Chile, Argentina, and Bolivia. Lithium is typically derived from 
hard rock mining practices or from brine extraction. Hard rock mining, which is typical 
in Australia, requires the use of heavy-duty equipment (e.g., crushers, rigs, loaders, 
cutting equipment, cranes) and could result in harmful visual changes to the natural 
environment such as hillside erosion, contamination of surface waters, artificial drainage 
patterns, subsidence, night-time lighting, and deforestation. In contrast, brine extract, 
which occurs in Chile, Argentina, and Bolivia, involves vertical pumping of brine, which 
evaporates to form brown and white cones of salt minerals. It is reasonably foreseeable 
that increased lithium could cause additional these types of adverse visual effects in 
areas where hard rock mining (Australia) and brine extraction activities (Chile, Argentina, 
and Bolivia) occur. 


The primary nickel exporting countries are Russia, Indonesia, the Philippines, and 
Australia, among others including the U.S. Nickel is typically found in lateritic nickel ore 
deposits, which are extracted through sulfuric acid leaching and reduction roast-
ammonia leaching. Leaching entails the use of aqueous solutions to extract metal from 
metal-bearing materials. Leach mining can produce leach piles that, if left alone, may 
cause visual impacts to a scenic area. Additionally, leaching entails the use of heavy-
duty equipment and piping that may adversely alter a visual landscape. Cobalt is 
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primarily exported from the Democratic Republic of the Congo. Cobalt extraction is 
typically extracted using traditional hard rock mining practices that produce similar 
visual impacts as those disclosed above for lithium mining. Additionally, artisanal and 
small-scale mining account for a notable amount of worldwide cobalt supply. These 
mines entail the physical deterioration of a hillside or landscape, use of hand held 
equipment such as pick axes and shovel, and cloudy pools of water. All these visual 
elements have the capacity to degrade a visual landscape. 


The deployment of new ZEVs and PHEVs could also result in accelerated turnover of 
lithium-ion and NiMH batteries which could place additional demand such that existing 
recycling facilities would need to be expanded or modified. Modifications to existing 
recycling centers could occur within the confines of such facilities and, therefore, would 
not result in additions of external equipment that would degrade visual quality; 
however, development of new facilities, although expected to occur in areas 
appropriately zoned, could increase or increase the presence of visible human-made 
elements (e.g., heavy-duty trucks, new structures) in areas of scenic importance. There 
is uncertainty surrounding the specific locations of new recycling facilities; therefore, 
adverse effects to scenic vistas or views from a State scenic highway could occur. 
Further, sources of daytime glare and nighttime lighting associated with these facilities 
could be introduced.


Therefore, short-term construction-related long-term operational-related effects to 
aesthetics associated with implementation of the Proposed Program would be 
potentially significant. 


Potential scenic, glare, and lighting impacts could be reduced to a less -than -significant 
level by mitigation measures prescribed by local, State, federal, or other land use or 
permitting agencies (either in the U.S. or abroad) with approval authority over the 
development projects. 


Mitigation Measure 1-1


The Regulatory Setting in Attachment A includes applicable laws and regulations that 
relate to visual resources. CARB does not have the authority to require implementation 
of mitigation related to new or modified facilities that would be approved by local 
jurisdictions. The ability to require such measures is under the purview of jurisdictions 
with local or State land use approval and/or permitting authority. New or modified 
facilities in California would qualify as a “project” under CEQA. The jurisdiction with 
primary approval authority over a proposed action is the Lead Agency, which is required 
to review the proposed action for compliance with CEQA statutes. Project-specific 
impacts and mitigation would be identified during the environmental review by agencies 
with project-approval authority. Recognized practices routinely required to avoid and/or 
minimize impacts to aesthetic resources include:


· Proponents of new development and new facilities and structures constructed 
will submit applications to State or local land use agencies to seek 
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entitlements for development including the completion of all necessary 
environmental review requirements (e.g., CEQA). The local or State land use 
agency or governing body must follow all applicable environmental 
regulations as part of approval of a project for development.


· Based on the results of the environmental review, proponents will implement 
all feasible mitigation to reduce or substantially lessen the potentially 
significant scenic or aesthetic impacts of the project. 


· To the extent feasible, the sites selected for use as construction staging and 
laydown areas shall be areas that are already disturbed and/or are in locations 
of low visual sensitivity. Where feasible, construction staging and laydown areas 
for equipment, personal vehicles, and material storage would be sited to take 
advantage of natural screening opportunities provided by existing structures, 
topography, and/or vegetation. Temporary visual screens would be used where 
helpful if existing landscape features did not screen views of the areas.


· All construction and maintenance areas shall be kept clean and tidy, including 
the re-vegetation of disturbed soil. Storage of construction materials and 
equipment shall be screened from view and/or generally not visible to the 
public, where feasible. 


· Siting projects and their associated elements next to important scenic 
landscape features or in a setting for observation from State scenic highways, 
national historic sites, national trails, and cultural resources shall be avoided 
to the greatest extent feasible.


· The project proponent shall contact the lead agency to discuss the 
documentation required in a lighting mitigation plan, submit to the lead 
agency a plan describing the measures that demonstrate compliance with 
lighting requirements, and notify the lead agency that the lighting has been 
completed and is ready for inspection. 


Because the authority to determine project-level impacts and require project-level 
mitigation lies with land use and/or permitting agencies for individual projects, and the 
programmatic level of analysis associated with this Draft EA does not attempt to address 
project-specific details of mitigation, there is inherent uncertainty in the degree of 
mitigation that may ultimately be implemented to reduce potentially significant scenic 
and nighttime lighting impacts. 


Consequently, while impacts could be reduced to a less-than-significant level by land 
use and/or permitting agency conditions of approval, this Draft EA takes the 
conservative approach in its post-mitigation significance conclusion and discloses that 
short-term construction-related and long-term operational-related scenic and nighttime 
lighting effects resulting from the Proposed Program would be potentially significant 
and unavoidable. 
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2. Agricultural and Forest Resources


Impact 2-1: Short-Term Construction-Related and Long-Term Operation-Related 
Effects on Agriculture and Forestry Resources


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities79. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Short-term construction-related and long-term operational impacts on agriculture and 
forestry resources may occur. New or expanded manufacturing facilities, recycling 
facilities, production facilities, new infrastructure, and increased mining would likely 
occur in areas of compatible zoning (e.g., industrial). While it is reasonable to anticipate 
that land use policies controlling the location of new industrial facilities would generally 
avoid conversion of important agricultural land, the potential cannot be entirely 
dismissed. Thus, there exists the potential that Prime Farmland, Unique Farmland, 
Farmland of Statewide Importance, Williamson Act conservation contracts, and forest 
land or timberlands could be converted to industrial uses. 


Increased demand for lithium-ion and NiMH batteries could place additional demand 
on lithium, nickel, and cobalt ore extraction internationally. Lithium ore derived from 
brines typically occurs within desert areas, which are generally not considered valuable 
land for agricultural or forestry practices; however, lithium, nickel, and cobalt ore 
extracted from hard rock mining could result in the loss of agricultural and forest lands 
of importance if resources are identified on land used for agriculture or forestry. Similar 
to lithium-ion and NiMH batteries, an increase in demand for fuel cells could result in 
platinum mining and exports from source countries or other states. 


79 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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Increased use of alternative fuels, fuel cells, and lithium-ion and NiMH batteries, could 
require infrastructure that may be in areas with agriculture or forestry resources. New 
facilities for the production and distribution of alternative fuels would be expected to 
occur in areas appropriately zoned; however, such facilities could conceivably be 
introduced in areas of with agricultural uses or in forested areas and may require either 
temporary or permanent conversion of these resources. Conversely, implementation of 
ZEV and PHEV requirements under the Proposed Program would reduce gasoline and 
diesel fuel consumption and extraction, thus minimizing the potential for new gasoline 
and diesel extraction facilities to result in the permanent conversion of farmland and 
forested areas. Nevertheless, short-term construction-related long-term operational-
related effects to agriculture and forestry resources associated with implementation of 
the Proposed Program would be potentially significant.


Mitigation Measure 2-1


The Regulatory Setting in Attachment A includes applicable laws and regulations that 
relate to agriculture and forestry resources. CARB does not have the authority to require 
implementation of mitigation related to new or modified facilities that would be 
approved by local jurisdictions. The ability to require such measures is under the purview 
of jurisdictions with local or State land use approval and/or permitting authority. New 
or modified facilities in California would qualify as a “project” under CEQA. The 
jurisdiction with primary approval authority over a proposed action is the Lead Agency, 
which is required to review the proposed action for compliance with CEQA statutes. 
Project specific impacts and mitigation would be identified during the environmental 
review by agencies with project-approval authority. Recognized practices routinely 
required to avoid and/or minimize impacts on agriculture and forestry resources include:


· Proponents of new or modified facilities constructed because of reasonably 
foreseeable compliance responses would coordinate with local or State land use 
agencies to seek entitlements for development including the completion of all 
necessary environmental review requirements (e.g., CEQA). The local or State 
land use agency or governing body would certify that the environmental 
document was prepared in compliance with applicable regulations and would 
approve the project for development.


· Based on the results of the environmental review, proponents would implement 
all mitigation identified in the environmental document to reduce or substantially 
lessen the environmental impacts of the project. Because CARB has no land use 
authority, mitigation is not within its purview to reduce potentially significant 
impacts to less-than-significant levels. Any mitigation specifically required for a 
new or modified facility would be determined by the local lead agency and future 
environmental documents by local and State lead agencies should include 
analysis of the following:


n Avoid lands designated as Important Farmland (State defined Prime 
Farmland, Farmland of Statewide Importance, and Unique Farmland) 
as defined by the Farmland Mapping and Monitoring Program. Before 
converting Important Farmland to non-agricultural use, analyze the 
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feasibility of using farmland that is not designated as Important 
Farmland (e.g., through clustering or design change to avoid Farmland) 
prior to deciding on the conversion of Important Farmland.


n Avoid lands designated as forest land or timberland before converting 
forestland or timberland to non-forest use, analyze the feasibility of 
using other lands prior to deciding on the conversion of forest land or 
timberland.


n Any mitigation for permanent conversion of Important Farmland 
caused by facility construction or modification shall be completed prior 
to the issuance of a grading or building permit by providing the 
permitting agency with written evidence of completion of the 
mitigation. Mitigation may include but is not limited to:
- Restore agricultural land to productive use through removal of 


equipment or structures or other means, such that the land can be 
designated as Farmland.


- If restoration is not feasible, permanently preserve off-site 
Important Farmland of equal or better agricultural quality, at a ratio 
of at least 1:1. Preservation may include the purchase of agricultural 
conservation easement(s); purchase of credits from an established 
agricultural farmland mitigation bank; contribution of agricultural 
land or equivalent funding to an organization that provides for the 
preservation of Important Farmland.


- Participate in any agricultural land mitigation program, including 
local government maintained or administered, that provides equal 
or more effective mitigation than the measures listed.


Any mitigation for permanent conversion of forest land or timberland caused by facility 
construction or modification shall be completed prior to the issuance of a grading or 
building permit by providing the permitting agency with written evidence of completion 
of the mitigation. Mitigation may include but is not limited to permanent preservation 
of forest land or timberland of equal or better quality at a ratio of 1:1 or 1.5:1 because 
some lost ecological value may not be replaceable. Preservation may include purchase 
of easements or contribution of funds to a land trust or other agency.


Because the authority to determine project-level impacts and require project-level 
mitigation lies with local land use and/or permitting agencies for individual projects, 
CARB finds it legally infeasible to enforce this measure. Moreover, due to the 
programmatic analysis of this EA, which does not allow project-specific details of 
potential impacts and associated mitigation, there is inherent uncertainty in the degree 
of mitigation that a lead agency may ultimately implement to reduce the potentially 
significant impacts if they approve these potential projects. 


Consequently, while impacts could likely be reduced to some degree (although not to 
a less-than-significant level if Important Farmland were converted) with mitigation 
measures imposed by the land use and/or permitting agencies acting as lead agencies 
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for these individual projects under CEQA, if and when a project proponent seeks a 
permit for compliance-response related project, this Draft EA takes the conservative 
approach in its post-mitigation significance conclusion and discloses, for CEQA 
compliance purposes, that short-term construction-related and long-term operational 
impacts on agriculture and forestry resources associated with the Proposed Program 
would remain potentially significant and unavoidable.


3. Air Quality


Impact 3-1: Short-Term Construction-Related Effects on Air Quality 


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities80. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Implementation of the Proposed Program could include construction of new ZEV and 
PHEV emission infrastructure or modifications to existing facilities. Any proposed 
modifications to facilities resulting from any of the Proposed Program measures would 
require approvals from the applicable local or State land use authority prior to their 
implementation. Part of the development review and approval process for projects 
located in California requires environmental review consistent with California 
environmental laws (e.g., CEQA) and other applicable local requirements (e.g., local air 
quality district rules and regulations). The environmental review process would include 
an assessment of whether implementation of such projects could result in short-term 
construction-related air quality impacts. 


At this time, the specific location, type, and number of construction activities are not 
known and would be dependent upon a variety of factors that are not within the control 


80 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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or authority of CARB and not within its purview. Thus, CARB has not quantified the 
potential construction-related emission impacts as these would be too speculative to 
provide a meaningful evaluation. Nonetheless, the analysis presented herein provides a 
good-faith disclosure of the general types of construction emission impacts that could 
occur with implementation of these reasonably foreseeable compliance responses. 
Further, subsequent environmental review would be conducted at such time that an 
individual project is proposed, and land use or construction approvals are sought.


Generally, it is expected that during the construction phase for any facilities, criteria air 
pollutants and toxic air contaminants (TACs) could be generated from a variety of 
activities and emission sources. These emissions would be temporary and occur 
intermittently depending on the intensity of construction on a given day. Site grading 
and excavation activities would generate fugitive particulate matter (PM) dust emissions, 
which is the primary pollutant of concern during construction. Fugitive PM dust 
emissions (e.g., respirable particulate matter [PM10] and fine particulate matter [PM2.5]) 
vary as a function of several parameters, such as soil silt content and moisture, wind 
speed, acreage of disturbance area, and the intensity of activity performed with 
construction equipment. Exhaust emissions from off-road construction equipment, 
material delivery trips, and construction worker-commute trips could also contribute to 
short-term increases in PM emissions, but to a lesser extent. It is probable that transport 
of light equipment and personnel for construction activities would take place using light 
duty trucks, while transport of heavy equipment or bulk materials would be hauled in 
heavy-duty trucks. Exhaust emissions from construction-related mobile sources also 
include reactive organic gases (ROG) and oxides of nitrogen (NOX). These emission 
types and associated levels fluctuate greatly depending on the type, number, and 
duration of usage for the varying equipment. CARB implements several regulations with 
the purpose of reducing NOX, PM, and imposing limits on idling from in-use vehicles 
and equipment - the Truck and Bus Regulation, the Regulation for In-Use Off-Road 
Diesel Fueled Fleets, and the Portable Engine Airborne Toxic Control Measure. Much 
of the equipment used during the construction phase would be subject to these 
regulations. 


The site preparation phase of construction typically generates the most substantial 
emission levels because of the on-site equipment and ground-disturbing activities 
associated with grading, compacting, and excavation. Site preparation equipment and 
activities typically include backhoes, bulldozers, loaders, and excavation equipment 
(e.g., graders and scrapers). Although detailed construction information is not available 
at this time, based on the types of activities that could be conducted, it would be 
expected that the primary sources of construction-related emissions include soil 
disturbance- and equipment related activities (e.g., use of backhoes, bulldozers, 
excavators, and other related equipment). Based on typical emission rates and other 
parameters for above mentioned equipment and activities, construction activities could 
result in hundreds of pounds of daily NOX and PM emissions (amount generated from 
two to four pieces of heavy-duty equipment working eight hours per day), which may 
exceed general mass emissions limits of a local or regional air quality management 
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district depending on the location of the emissions. Thus, implementation of new, or 
amended, regulations and/or incentives could generate levels that conflict with 
applicable air quality plans, exceed or contribute substantially to an existing or 
projected exceedance of State or national ambient air quality standards, or expose 
sensitive receptors to substantial pollutant concentrations.


Construction of projects may generate short-term odors from the use of diesel-powered 
construction equipment; however, the duration of these emissions would likely be short-
term in nature and would produce localized impacts. The extent of the significance of 
these impacts would be determined by the proximity of a project to sensitive receptors 
and the duration of construction schedule. If future construction activities would be 
located near the locations of sensitive receptors, construction-related odor impacts 
could be potentially significant.


As a result, short-term construction-related air quality impacts associated with some of 
the Proposed Program measures would be potentially significant. 


These short-term construction-related air quality effects could be reduced to a less-than-
significant level by mitigation that can and should be implemented by local lead 
agencies, but is beyond the authority of CARB.


Mitigation Measure 3-1


The Regulatory Setting in Attachment A includes applicable laws and regulations that 
relate to air quality. CARB does not have the authority to require implementation of 
mitigation related to new or modified facilities that would be approved by local 
jurisdictions. The ability to require such measures is under the purview of jurisdictions 
with local or State land use approval and/or permitting authority. New or modified 
facilities in California would typically qualify as a “project” under CEQA. The jurisdiction 
with primary approval authority over a proposed action is the Lead Agency, which is 
required to review the proposed action for compliance with CEQA statutes. Project-
specific impacts and mitigation would be identified during the environmental review by 
agencies with project-approval authority. Recognized practices routinely required to 
avoid and/or minimize impacts to air quality include the following:


· Proponents of new or modified facilities or infrastructure constructed as a 
result of reasonably foreseeable compliance responses would coordinate with 
State or local land use agencies to seek entitlements for development 
including the completion of all necessary environmental review requirements 
(e.g., CEQA). The local or State land use agency or governing body must 
follow all applicable environmental regulations as part of approval of a project 
for development.


· Based on the results of the environmental review, proponents shall implement 
all feasible mitigation to reduce or substantially lessen the potentially 
significant air quality impacts of the project. 
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· Project proponents shall apply for, secure, and comply with all appropriate air 
quality permits for project construction from the local agencies with air quality 
jurisdiction and from other applicable agencies, if appropriate, prior to 
construction mobilization.


· Project proponents shall comply with the federal Clean Air Act (CAA) and the 
California Clean Air Act (CCAA) (e.g., New Source Review and Best Available 
Control Technology criteria), if applicable.


· Project proponents shall comply with local plans, policies, ordinances, rules, 
and regulations regarding air quality-related emissions and associated 
exposure (e.g., construction-related fugitive PM dust regulations, indirect 
source review, and payment into offsite mitigation funds).


· For projects located in PM nonattainment areas, project proponents shall 
prepare and comply with a dust abatement plan that addresses emissions of 
fugitive dust during construction and operation of the project.


Because the authority to determine project-level impacts and require project-level 
mitigation lies with land use and/or permitting agencies for individual projects, and the 
programmatic level of analysis associated with this Draft EA does not attempt to address 
project-specific details of mitigation, there is inherent uncertainty in the degree of 
mitigation that may ultimately be implemented to reduce potentially significant impacts. 
Although it is unlikely, construction emissions, even after implementation of mitigation 
measures, could still exceed local air district threshold levels of significance depending 
on the magnitude of construction. 


Consequently, while impacts could be reduced to a less-than-significant level by land 
use and/or permitting agency conditions of approval, this Draft EA takes the 
conservative approach in its post-mitigation significance conclusion and discloses, for 
CEQA compliance purposes, that short-term construction-related air quality effects 
resulting from compliance responses associated with the Proposed Program would be 
potentially significant and unavoidable.


Impact 3-2: Long-Term Operational-Related Effects on Air Quality


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
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production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities81. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Increased demand for lithium-ion and NiMH based batteries could increase the need 
for manufacturing, refurbishing, and recycling facilities domestically and abroad, which 
may require modifications to or construction of new facilities. Increased use of lithium 
and NiMH batteries could also increase lithium, nickel, and cobalt mining and exports 
from countries with raw mineral supplies. Some lithium demand may be met 
domestically; additionally, as discussed under Impact 12-1, “Short-Term Construction-
Related and Long-Term Operation-Related Effects to Mineral Resources,” some nickel 
demand could be met domestically; however, the majority of nickel production is 
produced outside of the United States. Additionally, the majority of cobalt is mined 
outside of the United States.


It is possible that compliance responses may contribute at some level to demand for 
fuel cells, which could result in platinum mining and exports from source countries or 
other states and increased recycling, refurbishment, or disposal of hydrogen fuel cells. 
The movement of lithium, nickel, cobalt, and platinum domestically and worldwide 
would generate emissions from vehicle and vessel movement that ship and distribute 
resources to global manufacturing facilities. Additionally, the mining of these resources 
would require the use of heavy equipment, which would likely be powered by diesel 
fuel. However, these materials would ultimately offset the combustion of gasoline, 
diesel, and other fossil fuels, reducing associated emissions.


Despite the dramatic emission reductions and air quality improvements achieved to 
date, areas of California, including the South Coast Air Basin in Southern California and 
the San Joaquin Valley, continue to exceed the NAAQS and the California Ambient Air 
Quality Standards (CAAQS) for PM10, PM2.5, and ozone. The Proposed Program would 
introduce new ZEV and PHEV requirements that would directly reduce tailpipe 
emissions. 


ZEVs would be mostly battery-electric (excepting ZEVs powered by hydrogen fuel cells), 
while PHEVs would have an electric range that would be supplemented by a hybrid ICE. 
The electricity needed to power ZEV and PHEVs can be provided by California’s 
electricity grid or a compliant distributed generation power source. Air pollutant 
emissions associated with producing electricity for ZEV and PHEVs will vary depending 
on the relative shares of zero/low-emission sources (e.g., hydro, wind, solar) and higher 
emission sources (e.g., coal- and natural gas -fired power plants) that are used. The 


81 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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relative shares of fuel sources will change over time (and even vary hour-to-hour 
depending on electricity demand and time of a day). 


California’s Renewable Portfolio Standard (RPS), which was established by legislation 
enacted in 2002 and its most recent targets were set by Senate Bill (SB) 100, requires 
that California’s load-serving entities to procure 60 percent of their retail electricity from 
eligible renewable sources by 2030. The RPS also established interim targets for utilities 
as shown below. 


· 33 percent of retail sales by December 31, 2020;


· 44 percent of retail sales by December 31, 2024;


· 52 percent of retail sales by December 31, 2027; and


· 60 percent of retail sales by December 31, 2030.82


As mentioned in Section 1 of SB 100, “The 100 Percent Clean Energy Act of 2018” 
California aims for 100 percent of total retail sales of electricity in California to come 
from eligible renewable energy resources and zero-carbon resources by 
December 31, 2045.83


According to the California Energy Commission, in 2020, 36 percent of all California 
consumed electricity was sourced from renewable power.84 As grid power electricity 
becomes cleaner over time to meet the RPS targets, emission reductions from use of 
electricity compared to ICEs will shift accordingly. As such, the shift to ZEV and PHEVs 
from fossil-fuel ICEs would yield increasing operational air quality benefits over time as 
the State’s electrical grid becomes more renewable pursuant to the RPS. Over the time 
the Proposed Program are in effect (2026–2040), emissions would continue to decrease, 
relative to both the existing conditions baseline and the projected emissions under the 
current ACC Regulation.


Upstream emissions associated with the generation of electricity used for ZEV and 
PHEVs (i.e., emissions from power plants that supply electricity to the grid) are 
considered in the reduction benefits of the Proposed Program. The emission reductions 
associated with reduced gasoline/diesel consumption are spatially distributed according 
to the locations and activities of existing refineries and biofuel production facilities 


82 California Energy Commission. 2022. “Renewables Portfolio Standard- Verification and Compliance.”  
Accessed March 24, 2022. https://www.energy.ca.gov/programs-and-topics/programs/renewables-
portfolio-standard/renewables-portfolio-standard. 


83 Senate Bill No. 100, California Renewables Portfolio Standard Program: emissions of greenhouse 
gases, 2018. Last accessed August 9, 2021. 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB100. 


84 California Energy Commission. 2020. “Tracking Progress: Renewable Energy.” February 2020, last 
accessed August 9, 2021. https://www.energy.ca.gov/sites/default/files/2019-12/renewable_ada.pdf. 



https://www.energy.ca.gov/programs-and-topics/programs/renewables-portfolio-standard/renewables-portfolio-standard

https://www.energy.ca.gov/programs-and-topics/programs/renewables-portfolio-standard/renewables-portfolio-standard

https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB100

https://www.energy.ca.gov/sites/default/files/2019-12/renewable_ada.pdf
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throughout California.85 Specifically, the reductions occur in the air basins where existing 
fuel production facilities reside. Staff also modeled criteria emissions from the fuel 
product transportation phase via heavy-duty trucks that deliver fuel. The emissions are 
allocated proportionally by the fraction of state-wide fuel consumption for each air 
basin. 


The main purpose of the Proposed Program is to reduce mobile source emissions of 
criteria air pollutants and toxic air contaminants to improve air quality. The Proposed 
Program is an action in addition to existing commitments in the State Implementation 
Plan that would help further CARB’s federal obligations to attain the National Ambient 
Air Quality Standards. 


The emission benefits of the Proposed Program for LDVs and MDVs are estimated using 
CARB’s latest version of its on-road vehicle emission inventory tool EMFAC202186 and 
CARB’s Vision model, which can be used to quantify upstream emissions from the 
transportation fuel and electric power industries.87 To assess the impact of the Proposed 
Program, the EMFAC2021 model with customized “annual average” settings was run to 
estimate statewide light-duty vehicle emissions by calendar year, vehicle category, fuel 
type, and model year. EMFAC2021 reflects the latest planning assumptions, California-
specific driving and environmental conditions, passenger vehicle fleet mix, and most 
importantly the impact of California’s unique mobile source regulations. These include 
all currently adopted regulations such as the LEV, LEV II and LEV III programs, and 
California inspection and maintenance programs. The default number of ZEVs in the 
EMFAC2021 fleet was also adjusted to account for recent changes to the U.S. EPA 
vehicle standards up to model year 2026.88 The current regulatory setting through 2026 
(prior to the ACC II Program) is reflected as the business-as-usual (BAU) scenario.


Relative to BAU, the Proposed Program is projected to reduce NOX emissions by 
69,569 tons cumulatively by 2040. Additionally, the Proposed Program is projected to 
reduce PM2.5 by 4,469 tons by 2040 when compared to the BAU scenario. Table 11 
and Table 12 summarize the NOx and PM2.5 emission benefits.


85 The assumption on refinery reduced operations is based on observations of refinery activity over the 
past few years as gasoline demand declined. A number of refineries scaled down operations or shut 
down altogether with plans to shift to renewable liquid fuels. Additionally, it is not clear demand in 
international markets for California exported refined gasoline would occur.
86 California Air Resources Board. 2021. EMFAC 2021 Volume III Technical Document. Published April 
2021. Accessed March 10, 2022. https://ww2.arb.ca.gov/sites/default/files/2021-
08/emfac2021_technical_documentation_april2021.pdf.
87 California Air Resources Board. 2017. Vision 2.1 Scenario Modeling System Limited Scope Release. 
Published February 2017. Accessed March 10, 2022. https://ww2.arb.ca.gov/sites/default/files/2020-
06/vision2.1_scenario_modeling_system_general_documentation.pdf.
88 U.S. Environmental Protection Agency, “Revised 2023 and Later Model Year Light-Duty Vehicle GHG 
Emissions Standards.” Federal Register 86, no. 248 (December 30, 2021): 74434. 
https://www.govinfo.gov/content/pkg/FR-2021-12-30/pdf/2021-27854.pdf.



https://ww2.arb.ca.gov/sites/default/files/2021-08/emfac2021_technical_documentation_april2021.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-08/emfac2021_technical_documentation_april2021.pdf

https://ww2.arb.ca.gov/sites/default/files/2020-06/vision2.1_scenario_modeling_system_general_documentation.pdf

https://ww2.arb.ca.gov/sites/default/files/2020-06/vision2.1_scenario_modeling_system_general_documentation.pdf

https://www.govinfo.gov/content/pkg/FR-2021-12-30/pdf/2021-27854.pdf
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Table 11: NOX Emission Benefits from the Proposed Program


*The benefits shown are relative to BAU, and the benefit relative to the 2021 existing
conditions/baseline would be higher.


Table 12: PM2.5 Emission Benefits from the Proposed Program


*The benefits shown are relative to BAU, and the benefit relative to the 2021 existing
conditions/baseline would be higher.


The following figures demonstrate the overall air quality reductions anticipated from the 
Proposed Program, year over year. Staff have estimated an inventory under the current 
BAU scenario and the Proposed Program from 2021 to 2040. Figures 5 and 6 below 
show the anticipated NOX and PM2.5 emissions from a 2021 baseline, the BAU scenario, 
and the Proposed Program. 


Year 
BAU 


Emissions 
(tons/day) 


ACC II 
Program 
Emissions 
(tons/day) 


Emission 
Reduction 
(tons/day) 


Percent 
Emission 


Reduction* 


2021 250 250 0.00 0.0% 
2026 163 162 0.59 0.4% 
2030 123 118 5.58 4.5% 
2035 95 78 17.02 17.9% 
2040 79 49 30.14 38.2% 


Year 
BAU 


Emissions 
(tons/day) 


ACC II 
Program 
Emissions 
(tons/day) 


Emission 
Reduction 
(tons/day) 


Percent 
Emission 


Reduction* 


2021 14 14 0.0 0.0% 
2026 13 13 0.0 0.2% 
2030 12 12 0.3 2.5% 
2035 11 10 1.1 9.4% 
2040 11 9 2.0 18.5% 
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Figure 5: Projected Statewide NOx Tailpipe Emissions in Tons per Day Between 
Proposed Project and Business-as-Usual for Light- and Medium-Duty Vehicles


Figure 6: Projected Statewide Fine Particulate Matter (PM2.5) Including Exhaust, 
Brake-Wear and Tire-Wear Emissions in Tons Per Day between Proposed Program 
and Business-as-Usual for Light- and Medium-duty Vehicles
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For more details regarding quantified emission reductions from the operations 
associated with the Proposed Program, see Appendix D of the ISOR.


Overall, the Proposed Program is expected to considerably reduce emissions across the 
state, as set forth in detail in the Staff Report and in this EA. These emissions reductions 
would lead to substantial net improved health outcomes across the state, as described 
in the Staff Report.


Implementation of the Proposed Program would minimize emissions associated from 
light- and medium-duty vehicles and would assist the State in meeting the NAAQS and 
CAAQS both regionally and statewide. As discussed in detail in the Staff Report, 
emission reductions resulting from the implementation of the Proposed Program are 
expected to far outweigh any long-term operational-related emissions increases and 
would result in high net positive overall health benefits over the life of the Proposed 
Program. 


For these reasons, long-term operational-related air quality impacts would be 
beneficial. 


4. Biological Resources


Impact 4-1: Short-Term Construction-Related Effects on Biological Resources


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities89. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Short-term construction-related and long-term operational impacts on biological 
resources may occur. Construction of manufacturing facilities, recycling facilities, 


89 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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production facilities, new infrastructure, and increased mining would result in ground 
disturbance that could adversely affect biological resources, and the biological 
resources affected would depend on the specific location of the compliance responses. 
These impacts would occur from modifications to existing habitat including the removal, 
degradation, and fragmentation of riparian systems, wetlands, and/or other sensitive 
natural wildlife habitats and plant communities; interference with wildlife movement or 
wildlife nursery sites; loss of or disturbance to special-status species; and/or conflicts 
with local ordinances or the provisions of adopted habitat conservation plans, natural 
community conservation plans, or other conservation plan or policies to protect natural 
resources. 


New or expanded manufacturing facilities, recycling facilities, production facilities, new 
infrastructure, and increased mining would likely occur in areas of compatible zoning 
(e.g., industrial). While it is reasonable to anticipate that land use policies controlling the 
location of new industrial facilities would generally avoid conversion of wildlife habitat, 
the potential cannot be entirely dismissed. Additionally, there are some plant and animal 
species that occur in developed or disturbed areas and impacts on these species would 
not be entirely avoided through siting project construction in industrial areas. Direct 
mortality of individual plants and animals could result from destruction of dens, burrows, 
or nests through ground compaction, ground disturbance, debris, or vegetation 
removal. Construction noise disturbance could cause nest or den abandonment and loss 
of reproductive or foraging potential around the site during construction, 
transportation, or destruction of equipment and existing structures. 


Increased mining for lithium would include expansion of existing extraction facilities or 
construction of new facilities in the Salton Sea area. The Salton Sea is an important 
feeding grounds for more than 400 species of birds including waterfowl and shorebirds 
during annual migration and several bird species also use the area for breeding (USFWS 
2021). Nesting native bird species are protected under the Migratory Bird Treaty Act 
and California bird protection statutes (Fish and Game Code §§ 3503, 3503.5, 3513). 
Impacts on nesting or foraging birds in the Salton Sea area would be similar to those 
described above but the magnitude of these impacts may be greater due to the high 
concentrations of birds at the Salton Sea.


In summary, implementation and compliance with the Proposed Program could result 
in potentially significant impacts on biological resources. Depending on the regulatory 
status of the species (e.g., listed as endangered under the federal or state Endangered 
Species Acts), and the nature of the habitat disturbance, compliance with permitting 
requirements under the National Environmental Policy Act, the federal or state 
Endangered Species Act, Migratory Bird Treaty Act, Clean Water Act § 404, California 
Fish and Game Code, or related state or local laws would be required. It is expected 
that potential impacts on special-status species and sensitive habitats would be 
minimized through compliance with the aforementioned protective regulations; 
however, the terms of permits obtained under these regulations are unknown as are the 
precise locations at which construction work would occur. Moreover, it is beyond the 
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authority of CARB to enforce such compliance. Therefore, short-term construction-
related biological resources impacts would be potentially significant.


Mitigation Measure 4-1


The Regulatory Setting in Attachment A includes applicable laws and regulations that 
relate to biological resources. CARB does not have the authority to require 
implementation of mitigation related to new or modified facilities that would be 
approved by local jurisdictions. The ability to require such measures is under the purview 
of jurisdictions with local or State land use approval and/or permitting authority. New 
or modified facilities in California would qualify as a “project” under CEQA. The 
jurisdiction with primary approval authority over a proposed action is the Lead Agency, 
which is required to review the proposed action for compliance with CEQA statutes. 
Project specific impacts and mitigation would be identified during the environmental 
review by agencies with project-approval authority. Recognized practices routinely 
required to avoid and/or minimize impacts on biological resources include: 


· Proponents of construction activities implemented as a result of reasonably 
foreseeable compliance responses associated with the Proposed Program 
would coordinate with State or local land use agencies to seek entitlements 
for development including the completion of all necessary environmental 
review requirements (e.g., CEQA). The local or State land use agency or 
governing body must follow all applicable environmental regulations as part 
of approval of a project for development.


· Based on the results of the environmental review, proponents would 
implement all feasible mitigation to reduce or substantially lessen the 
potentially significant impacts on biological resources associated with the 
project.


· Actions required to mitigate potentially significant biological impacts may 
include the following; however, any mitigation specifically required for a new 
or modified port/terminal facility or other lands would be determined by the 
local lead agency:


n Retain a qualified biologist to prepare a biological inventory of site 
resources prior to ground disturbance or construction. If protected 
species or their habitats are present, comply with applicable federal 
and State endangered species acts and regulations. Construction and 
operational planning will require that important fish or wildlife 
movement corridors or nursery sites are not impeded by project 
activities.


n Retain a qualified biologist to prepare a delineation of onsite state or 
federally protected wetlands or other sensitive habitats (e.g., riparian 
habitat, sensitive natural communities). This survey shall be used to 
establish setbacks and prohibit disturbance of riparian habitats, 
streams, intermittent and ephemeral drainages, and other wetlands. 
Wetland delineation is required by Section 404 of the Clean Water Act 
and is administered by the U.S. Army Corps of Engineers.
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n Prohibit construction activities during the rainy season with 
requirements for seasonal weatherization and implementation of 
erosion prevention practices.


n Prohibit construction activities in the vicinity of raptor nests during 
nesting season or establish protective buffers and provide monitoring, 
as needed, to address project activities that could cause an active nest 
to fail.


n Prepare site design and development plans that avoid or minimize 
disturbance of habitat and wildlife resources and prevent stormwater 
discharge that could contribute to sedimentation and degradation of 
local waterways. Depending on disturbance size and location, a 
National Pollution Discharge Elimination System (NPDES) construction 
permit may be required from the California State Water Resources 
Control Board.


n Prepare spill prevention and emergency response plans, and hazardous 
waste disposal plans as appropriate to protect against the inadvertent 
release of potentially toxic materials.


n Plant replacement trees and establish permanent protection suitable 
habitat at ratios considered acceptable to comply with “no net loss” 
requirements.


n Contractor will keep the site and materials organized and store them 
in a way to prevent attracting wildlife by not creating places for wildlife 
to hide or nest (e.g., capping pipes, covering trashcans and emptying 
trash receptacles consistently and promptly when full).


Because the authority to determine project-level impacts and require project-level 
mitigation lies with local land use and/or permitting agencies for individual projects, 
CARB finds it legally infeasible to enforce this measure. Moreover, due to the 
programmatic analysis of this EA, which does not allow project-specific details of 
potential impacts and associated mitigation, there is inherent uncertainty in the degree 
of mitigation that a lead agency may ultimately implement to reduce the potentially 
significant impacts if they approve these potential projects. 


Consequently, while impacts could likely be reduced to a less-than-significant level with 
mitigation measures imposed by the land use and/or permitting agencies acting as lead 
agencies for these individual projects under CEQA, if and when a project proponent 
seeks a permit for compliance-response related project, this Draft EA takes the 
conservative approach in its post-mitigation significance conclusion and discloses, for 
CEQA compliance purposes, that short-term construction-related impacts on biological 
resources associated with the Proposed Program would remain potentially significant 
and unavoidable.


Impact 4-2: Long-Term Operation-Related Effects on Biological Resources


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
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deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities90. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Anticipated operation-related impacts on biological resources from the reasonably 
foreseeable compliance responses listed above would likely occur primarily from 
operation of new facilities and increased mining activity associated with increased 
demand for lithium batteries. Long-term operation of manufacturing, recycling, and 
production facilities would often include the presence of workers; movement of 
automobiles, trucks, and heavy-duty equipment; and operation of stationary equipment. 
This environment would generally not be conducive to the presence of biological 
resources located on-site or nearby. For example, operation of a new facility could deter 
wildlife from the surrounding habitat or could impede wildlife movement through the 
area. As is already the case with these facilities, this impact would be substantial if there 
is not adequate habitat nearby. Vegetation management may be necessary to comply 
with fire codes and defensible space requirements, which may require tree trimming 
and other habitat modification that could, for example, result in species mortality or nest 
failure. Furthermore, operation of facilities could result in the accidental introduction of 
hazardous substances to the environment which could adversely affect biological 
resources.


While increased mining activity would include methods with relatively small 
environmental footprints, hard rock and continental brine mining activities would 
directly alter the character of a sensitive habitat that may support special-status species 
or serve as a wildlife corridor. Impacts could include reduction in habitat, loss of special-
status species, water contamination, and conflict with a habitat conservation plan or 
natural community conservation plan. Long-term operational impacts on biological 
resources associated with the Proposed Program would be potentially significant.


90 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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Mitigation Measure 4-2


The Regulatory Setting in Attachment A includes applicable laws and regulations that 
relate to biological resources. CARB does not have the authority to require 
implementation of mitigation related to new or modified facilities that would be 
approved by local jurisdictions. The ability to require such measures is under the purview 
of jurisdictions with local or State land use approval and/or permitting authority. New 
or modified facilities in California would qualify as a “project” under CEQA. The 
jurisdiction with primary approval authority over a proposed action is the Lead Agency, 
which is required to review the proposed action for compliance with CEQA statutes. 
Project specific impacts and mitigation would be identified during the environmental 
review by agencies with project-approval authority. Recognized practices routinely 
required to avoid and/or minimize impacts on biological resources include: 


· Proponents of construction activities implemented as a result of reasonably 
foreseeable compliance responses associated with the Proposed Program 
would coordinate with State or local land use agencies to seek entitlements 
for development including the completion of all necessary environmental 
review requirements (e.g., CEQA). The local or State land use agency or 
governing body must follow all applicable environmental regulations as part 
of approval of a project for development. 


· Based on the results of the environmental review, proponents would 
implement all feasible mitigation to reduce or substantially lessen the 
potentially significant impacts on biological resources associated with the 
project. The definition of actions required to mitigate potentially significant 
biological impacts may include the following; however, any mitigation 
specifically required for a new or modified facility would be determined by 
the local lead agency.


n Prohibit vegetation management activities in the vicinity of raptor nests 
during nesting season or establish protective buffers and provide 
monitoring as needed to ensure that project activity does not cause an 
active nest to fail.


n Maintain site design and development plan features that avoid or 
minimize disturbance of habitat and wildlife resources and prevent 
stormwater discharge that could contribute to sedimentation and 
degradation of local waterways during project operation.


n Maintain and replace, as needed, trees and permanently protected 
suitable habitat identified during the construction phase of the project.


The impacts on biological resources could be reduced to a less-than-significant level by 
mitigation that can and should be implemented by federal, state, and local lead 
agencies, but is beyond the authority of CARB. The authority to determine project-level 
impacts and require project-level mitigation lies with land use and/or permitting 
agencies for individual projects, and the programmatic level of analysis associated with 
this Draft EA does not attempt to address project-specific details of mitigation. Thus, 
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there is inherent uncertainty in the degree of mitigation that may ultimately be 
implemented to reduce potentially significant impacts. 


Because the authority to determine project-level impacts and require project-level 
mitigation lies with local land use and/or permitting agencies for individual projects, 
CARB finds it legally infeasible to enforce this measure. Moreover, due to the 
programmatic analysis of this EA, which does not allow project-specific details of 
potential impacts and associated mitigation, there is inherent uncertainty in the degree 
of mitigation that lead agencies may ultimately implement to reduce the potentially 
significant impacts if they approve these potential projects. 


Consequently, while impacts could likely be reduced to a less-than-significant level with 
mitigation measures imposed by the land use and/or permitting agencies acting as lead 
agencies for these individual projects under CEQA, if and when a project proponent seeks 
a permit for compliance-response related project, this Draft EA takes the conservative 
approach in its post-mitigation significance conclusion and discloses, for CEQA 
compliance purposes, that long-term operational impacts on biological resources 
associated with the Proposed Program would remain potentially significant and 
unavoidable.


5. Cultural Resources


Impact 5-1: Short-Term Construction-Related and Long-Term Operational Impacts 
on Cultural Resources


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities91. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


91 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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The Proposed Program could result in construction of manufacturing, production, and 
recycling facilities as well as new infrastructure and increased mining activity, which 
would require construction and ground disturbance. In general, construction and 
ground disturbance activities would occur in areas of compatible zoning (e.g., industrial). 
Regardless, there is a possibility that these activities may occur in or adjacent to a region 
consisting of known significant prehistoric and/or historic-era cultural resources. 
Additionally, while it is reasonable to anticipate that land use policies controlling the 
location of new industrial facilities would generally avoid areas that have not been 
disturbed, these areas may not be avoided and therefore may contain these resources. 
As such, it is foreseeable that known or undocumented cultural or paleontological 
resources could be unearthed or otherwise discovered during ground-disturbing and 
construction activities. Unique archaeological or historical resources might include stone 
tools, tool-making debris, stone milling tools, shell or bone items, and fire-affected rock 
or soil darkened by cultural activities. Paleontological resources include fossils. Historic 
materials might include metal, glass, or ceramic artifacts. Finally, historic structures 
could be removed or damaged if present within or adjacent to a proposed construction 
site. Tribal cultural resources are addressed below.


Operation of facilities and infrastructure would not result in additional ground 
disturbance beyond that which occurred during construction and modification because 
operation activities would occur within the footprint of the constructed or modified 
facility. Therefore, most operational activities would not have the potential to affect 
archaeological, paleontological, or historical resources. Presence of new infrastructure 
may, however, change the visual setting of the surrounding area, which could adversely 
affect historic resources and districts with an important visual component. For example, 
although it is unlikely such a facility would be sited in a historic district, a new control 
system may not be consistent with the visual character of a historic district. As a result, 
operation impacts could be potentially significant. 


Therefore, short-term construction-related and long-term operational-related impacts 
to cultural resources associated with implementation of the Proposed Program would 
be potentially significant.


Mitigation Measure 5-1


The Regulatory Setting in Attachment A includes applicable laws and regulations that 
relate to cultural resources. CARB does not have the authority to require 
implementation of mitigation related to new or modified facilities that would be 
approved by local jurisdictions. The ability to require such measures is under the purview 
of jurisdictions with local or State land use approval and/or permitting authority. New 
or modified facilities in California would qualify as a “project” under CEQA. The 
jurisdiction with primary approval authority over a proposed action is the Lead Agency, 
which is required to review the proposed action for compliance with CEQA statutes. 
Project specific impacts and mitigation would be identified during the environmental 
review by agencies with project-approval authority. Recognized practices routinely 
required to avoid and/or minimize impacts to cultural resources include: 
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· Proponents of construction activities implemented as a result of reasonably 
foreseeable compliance responses associated with the Proposed Program 
would coordinate with State or local land use agencies to seek entitlements 
for development including the completion of all necessary environmental 
review requirements (e.g., CEQA). The local or State land use agency or 
governing body must follow all applicable environmental regulations as part 
of approval of a project for development.


· Based on the results of the environmental review, proponents would 
implement all feasible mitigation to avoid, reduce or substantially lessen the 
potentially significant impacts on cultural resources associated with the 
project. 


· Actions required to mitigate potentially significant cultural resources impacts 
may include the following; however, any mitigation specifically required for a 
modified facility would be determined by the local lead agency. 


n Retain the services of cultural resources specialists with training and 
background that conforms to the U.S. Secretary of Interior’s 
Professional Qualifications Standards, as published in Title 36, Code of 
Federal Regulations, part 61. 


n In the event that cultural resources are discovered during project 
activities, all work in the immediate vicinity of the find shall cease and 
a qualified archaeologist meeting Secretary of Interior standards shall 
be hired to assess the find. Work on the other portions of the project 
outside of the buffered area may continue during this assessment 
period.


n Seek guidance from the State and federal lead agencies, as 
appropriate, for coordination of Nation-to-Nation consultations with 
the Native American Tribes. 


n Regulated entities shall consult with lead agencies early in the planning 
process to identify the potential presence of cultural properties. The 
agencies shall provide the project developers with specific instruction 
on policies for compliance with the various laws and regulations 
governing cultural resources management, including coordination with 
regulatory agencies and Native American Tribes. 


n If a resource determined to be significant by the qualified archaeologist 
(i.e., because the find is determined to constitute either an historical 
resource, cultural resource, or a unique archaeological resource), the 
archaeologist shall work with the project proponent to avoid 
disturbance to the resource, and if complete avoidance is not possible, 
follow accepted professional standards in recording any find 
Preservation in place is the preferred manner of mitigating impacts to 
archaeological sites. 


n Regulated entities shall define the area of potential effect (APE) for 
each project, which is the area where project construction and 
operation may directly or indirectly cause alterations in the character 
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or use of historic properties. The APE shall include a reasonable 
construction buffer zone and laydown areas, access roads, and borrow 
areas, as well as a reasonable assessment of areas subject to effects 
from visual, auditory, or atmospheric impacts, or impacts from 
increased access. 


n Regulated entities shall retain the services of a paleontological 
resources specialist with training and background that conforms with 
the minimum qualifications for a vertebrate paleontologist as 
described in Measures for Assessment and Mitigation of Adverse 
Impacts to Non-Renewable Paleontological Resources: Standard 
Procedures, Society of Vertebrate Paleontology.92


n Regulated entities shall conduct initial scoping assessments to 
determine whether proposed construction activities, if any, could 
disturb formations that may contain important paleontological 
resources. Whenever possible, potential impacts to paleontological 
resources should be avoided by moving the site of construction or 
removing or reducing the need for surface disturbance. The scoping 
assessment shall be conducted by the qualified paleontological 
resources specialist in accordance with applicable agency 
requirements. 


n If human remains or funerary objects are encountered during any 
activities associated with the project, work in the immediate vicinity 
and within a reasonable buffer zone, shall cease and the County 
Coroner shall be contacted pursuant to State Health and Safety Code 
§ 7050.5 and that code enforced for the duration of the project.


n The regulated entity’s qualified paleontological resources specialist 
shall determine whether paleontological resources would likely be 
disturbed in a project area on the basis of the sedimentary context of 
the area and a records search for past paleontological finds in the area. 
The assessment may suggest areas of high known potential for 
containing resources. If the assessment is inconclusive a surface survey 
is recommended to determine the fossiliferous potential and extent of 
the pertinent sedimentary units within the project site. If the site 
contains areas of high potential for significant paleontological 
resources and avoidance is not possible, prepare a paleontological 
resources management and mitigation plan that addresses the 
following steps: 
- A preliminary survey (if not conducted earlier) and surface salvage 


prior to construction. 


92 Society of Vertebrate Paleontology. 2010. “Standard Procedures for the Assessment and Mitigation 
of Adverse Impacts to Paleontological Resources.” Accessed January 14, 2022. 
https://vertpaleo.org/wp-content/uploads/2021/01/SVP_Impact_Mitigation_Guidelines.pdf. 



https://vertpaleo.org/wp-content/uploads/2021/01/SVP_Impact_Mitigation_Guidelines.pdf
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- Physical and administrative protective measures and protocols such 
as halting work, to be implemented in the event of fossil 
discoveries. 


- Monitoring and salvage during excavation. 
- Specimen preparation. 
- Identification, cataloging, curation, and storage. 
- A final report of the findings and their significance. 
- Choose sites that avoid areas of special scientific value. 


Because the authority to determine project-level impacts and require project-level 
mitigation lies with local land use and/or permitting agencies for individual projects, 
CARB finds it legally infeasible to enforce this measure. Moreover, due to the 
programmatic analysis of this EA, which does not allow project-specific details of 
potential impacts and associated mitigation, there is inherent uncertainty in the degree 
of mitigation that lead agencies may ultimately implement to reduce the potentially 
significant impacts if they approve these potential projects. 


Consequently, while impacts could likely be reduced to a less-than-significant level with 
mitigation measures imposed by the land use and/or permitting agencies acting as lead 
agencies for these individual projects under CEQA, if and when a project proponent 
seeks a permit for compliance-response related project, this Draft EA takes the 
conservative approach in its post-mitigation significance conclusion and discloses, for 
CEQA compliance purposes, that short-term construction-related and long-term 
operational impacts to cultural resources associated with the Proposed Program would 
remain potentially significant and unavoidable.


6. Energy 


Impact 6-1: Short-Term Construction-Related Impacts to Energy Resources


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
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decreasing rates of oil and gas extraction and gasoline refining activities93. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Temporary increases in energy demand associated with constructing new facilities 
would include fuels used during construction and gas and electric demands. Typical 
earth-moving equipment that may be necessary for construction includes: graders, 
scrapers, backhoes, jackhammers, front-end loaders, generators, water trucks, and 
dump trucks. While energy would be required to complete construction for any new or 
modified facilities or infrastructure projects, it would be temporary and limited in 
magnitude such that a reasonable amount of energy would be expended. 


While all aforementioned compliance responses would require the consumption of 
energy resources, these actions would enable the transition to zero-emission 
technologies to comply with the provisions of the Proposed Program and would not 
involve the wasteful or inefficient use of energy. A major objective of the Proposed 
Program is to reduce air pollution, toxic air contaminants, and GHG emissions in the 
long-term and would require some energy to construct the necessary infrastructure and 
technical components to support this objective. Therefore, while energy demand would 
increase during the construction of future projects in response to implementation of the 
Proposed Program, these energy expenditures would be necessary to facilitate the 
actions that would result in environmental benefits such as reduced air pollution and 
GHG emissions. Therefore, short-term energy consumption would not be considered 
unnecessary. Moreover, energy needed to power necessary equipment would not be 
anticipated to generate high electrical demand beyond baseline energy load as most 
construction-related energy is typically consumed by the operation of heavy-duty 
construction equipment that would be powered by diesel fuel and from construction-
related commute trips, which would result in the consumption of gasoline and diesel 
fuel if worker’s vehicles are powered by internal combustion engines. Short-term 
construction-related energy impacts associated with the Proposed Program would be 
less than significant.


Impact 6-2: Long-Term Operational-Related Impacts to Energy Resources


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 


93 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities94. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Utility service and hydrogen fuel providers would provide the electricity and hydrogen to 
meet the demand generated from various regulations covered under the Proposed 
Program, including those that directly result in the displacement of energy derived from 
the combustion of gasoline and diesel fuel to power vehicles to ZEVs and PHEVs that rely 
on electricity. The electrification of the various sectors affected by the Proposed Program 
could increase local and regional energy use and impact supplies and requirements for 
additional capacity. The Proposed Program may also impact peak and base load period 
demands for electricity and other forms of energy. The level of energy demand generated 
from these actions, and the potential for a change in energy demand, would be site-
specific and dependent on the location and scale that the electrification of these sectors 
would occur. Where there are situations with substantial electrical loads, distributed 
generation resources, or lithium-ion storage batteries could be relied on during periods 
when total demand is high and the energy grid is experiencing peak levels of demand.


As noted in Chapter 2, “Project Description,” CEC models project that electricity 
consumption in 2030 from light-duty vehicle charging will reach around 5,500 
megawatts (MW) around midnight and 4,600 MW around 10 a.m. on a typical weekday, 
increasing electricity demand by up to 25 and 20 percent at those times, respectively. 
CEC’s modeling also suggests that charging demand in 2030 will result in a peak load 
of about 5.4 gigawatts (GW) at midnight from residential charging, adding up to 25 
percent to total electric load during that period on weekdays and weekends. 
Nonresidential charging contributes to a daytime peak load of about 4.4 GW around 10 
a.m., adding up to 20 and 23 percent to total electric load during that period on 
weekdays and weekends, respectively. Finally, charging load as modeled by CEC could 
add up to 7 and 8 percent to the total system electric load at 8 p.m. on weekdays and 
weekends, respectively.


The potential stresses on the electric grid resulting from implementation of the 
Proposed Program could be avoided through asset management, system design 
practices, and managed charging to shift a significant amount of the load away from 
system peaks. Charging management strategies beyond time-of-use rates, including 
those that reflect wholesale prices and carbon intensity, will be needed to align electric 


94 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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vehicle loads with daytime solar generation. And residential charging technologies 
should be coordinated with distribution systems to lessen the impact of charging timed 
to begin at midnight.


To properly launch the PEV charging infrastructure necessary to meet California’s ZEV 
adoption goals, it is important to identify enough geographically dispersed locations 
that can economically host charging stations. CEC’s EDGE model is designed to help 
users focus charger deployment strategies and plan infrastructure investments. The 
algorithmic approach compares the load contributions from the CEC’s infrastructure 
model results to the capacities of existing distribution grids in the state to host new 
electricity loads. If there is a capacity deficit in a location, EDGE flags that location as 
needing an infrastructure upgrade. Preliminary results as displayed in Figure 4 of 
Chapter 2, “Project Description,” maps show large areas of the grid with little to no 
excess capacity. Most electric utilities in California have enough capacity in urban areas 
to support EV charging, but many rural areas may require local distribution grid 
upgrades.


CEC modeling indicates that the necessary make-ready infrastructure to support EVSEs 
requires special attention and investment. To support the needed infrastructure for 
PEVs in California, investment in transformers, meters, breakers, wires, conduit, and 
associated civil engineering work would be necessary.


Nevertheless, the State’s energy capacity is expected to increase as a result of a menu 
of GHG reducing regulations and policies. To meet the statewide targets of 40 percent 
below 1990 levels of GHG emissions by 2030 (i.e., SB 32), reductions will need to 
be made from several sectors including the energy and mobile source sectors. 
Statewide regulations such as the light duty ZEV Regulation proposals in this project, 
Advanced Clean Fleet Regulation, Advanced Clean Transit Regulation, and the 
Innovative Clean Transit (ICT) Regulation aim to achieve GHG reductions from the 
mobile source sector through the deployment of ZEVs and PHEVs, which would 
replace vehicles powered by internal combustion engines. Electric utilities are working 
in coordination with the CPUC to fund infrastructure expansion projects to meet this 
future demand. The CEC is also working to fund hydrogen stations to increase the 
passenger vehicle hydrogen fueling network. CPUC is also responsible for 
regulating Electric Power Procurement and Generation and evaluates the necessity 
for additional power generation by California utilities in both the short and long term. 


Additional electrical energy capacity in the State would be achieved through improved 
energy efficiency, energy storage, demand response, and generation of renewable 
resources. The efficiency of new homes is continually improving through triennial 
updates to Parts 6 and 11 of the Title 24 Building Standards Code (California Energy 
Code and California Green Building Standards Code), which achieve energy reductions 
through use of mandatory and prescriptive energy efficiency design features and 
green building practices. The California Energy Code is anticipated to trend 
towards decarbonization, or the elimination of on-site natural gas combustion to 
power stoves and water heaters consistent with the findings of the 2018 Integrated 
Energy Policy 
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Report, which identifies carbonization of the building sector as a major policy shift that 
will assist the State in meeting its long-term GHG reduction goals (i.e., reducing 
transportation GHG emissions by 80 percent of 1990 levels by 2050, and achieving 
carbon neutrality statewide across all sectors by 2045). 


Moreover, as mandated by SB 100, the State’s electrical utilities are legislatively 
required to procure 60 percent and 100 percent of their total energy supply from 
eligible renewable energy sources (i.e., solar, wind, geothermal, small-scale 
hydroelectric, and biomass) by 2030 and 2045, respectively. The abovementioned 
factors combine to expand the State’s energy capacity as compared to previous years. 
For example, in-state energy capacity rose from 55,530 megawatts (MW) in 2001 to 
82,323 MW in 2020, an increase of 48 percent. Additionally, as mentioned above, the 
California Energy Code is expected to increase the energy efficiency of buildings within 
the state, which would reduce energy demand generated by the building sector. 


The Proposed Program could result in the expansion of hydrogen fuel-cell vehicle 
technologies and an increase in operation of fuel cells within the state. This could 
increase the energy demand of producing hydrogen fuel cells. Further, hydrogen fuel 
used for transportation is required to achieve specific renewable energy targets. SB 
1505 requires that state to adopt regulations that will ensure that state funding for the 
production and use of hydrogen fuel, as described in the California Hydrogen Highway 
Blueprint Plan. SB 1505 requires that 33.3 percent of total hydrogen production be 
supplied from renewable sources. Additionally, the LCFS allows for the generation of 
low-CI credits from hydrogen fueling stations that meet a 40 percent renewables 
requirement. Currently, SB 1505 only applies to stations with State co-funding. To date, 
the requirements of SB 1505 has been primarily handled by similar requirements in CEC 
solicitations for grant co-funding. However, it is also important to note that CEC does 
not guarantee that meeting their solicitation requirements will also meet SB 1505. CARB 
and CEC currently estimate actual renewable content right now between 82-92 percent. 
However, significant amounts of that renewable content are from indirect sources (such 
as renewable energy credits from steam methane reformers (SMR) of renewable natural 
gas occurring elsewhere in the hydrogen provider’s operations, with book-and-claim 
accounting).


Operation of new or expanded facilities could result in an increase in vehicle mileage of 
workers and result in an increase in gasoline and diesel fuel consumption associated 
with worker commute trips. However, this increase in vehicle miles traveled (VMT) would 
facilitate meeting the goals and objectives of the Proposed Program, and would, 
therefore, not be considered unnecessary or wasteful. 


Implementation of the Proposed Program could result in the increased use of alternative 
fuels such as LNG, which would displace diesel fuel currently used to power generators, 
engines, and other equipment. Appendix F of the CEQA Guidelines identifies the use 
of alternative fuels as a measure to reduce energy demand. Moreover, Appendix F also 
lists increased use of renewable energy as an appropriate strategy to mitigate energy 
impacts. Use of ZEV and PHEV emission technologies, as discussed above, would divert 







Advanced Clean Cars II Impact Analysis and Mitigation Measures
Draft Environmental Analysis


100


energy from fossil fuel-powered systems and engines to electrical systems, which, as 
mandated by the renewable portfolio standard, will become increasingly more 
renewable in the coming years. Arguably, through the use of alternative fuels and an 
increasingly more renewable energy grid, implementation of the Proposed Program 
would improve the efficiency of energy usage across the State.


As such, implementation of the Proposed Program would not result in the wasteful, 
unnecessary, or inefficient use of energy. Thus, long-term operation-related energy 
impacts would be less than significant.


7. Geology and Soils


Impact 7-1: Short-Term Construction-Related and Long-Term Operational-Related 
Impacts to Geology and Soils


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities95. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Although it is reasonably foreseeable that construction and operational activities could 
occur, there is uncertainty as to the exact location of any new facilities or modification 
of existing facilities. Construction activities could require disturbance of undeveloped 
areas, such as clearing of vegetation, earth movement and grading, trenching for utility 
lines, erection of new buildings, and paving of parking lots, delivery areas, and 
roadways. Additional disturbance could result from the increased mineral ore extraction 
activities which would provide raw materials to these manufacturing facilities and energy 
projects. These activities would have the potential to adversely affect the geology and 
soils in construction or mineral ore extraction areas such that a rupture of a known 


95 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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earthquake fault, strong seismic ground shaking, liquefication, landslides, erosion, or 
the destruction of a unique paleontological resource or geographic feature could occur.


New facilities could be in a variety of geologic, soil, and slope conditions with varying 
amounts of vegetation that would be susceptible to soil compaction, soil erosion, and 
loss of topsoil during construction. The level of susceptibility varies by location. 
However, the specific design details, siting locations, and soil compaction and erosion 
hazards for manufacturing facilities are not known at this time and would be analyzed 
on a site-specific basis at the project level. 


New facilities constructed as a result of implementation of the Proposed Program would 
be likely be located in industrial areas that would be serviced by a water utility and 
would have access to a sewer system and would therefore not be dependent on septic 
systems. Therefore, the potential for new facilities to be sited on soils incapable of 
supporting the use of septic systems or alternative wastewater disposal systems would 
be less than significant. 


New facilities could be sited on locations containing and supporting unique 
paleontological resources or unique geologic features, however, as stated previously, 
the specific locations of future facilities is unknown at this time. These effects would be 
analyzed on a project-level basis when the location and size of future facilities have been 
determined.


Short-term construction-related and long-term operational-related effects to geology 
and soils associated with the Proposed Program would be potentially significant. 


Potential construction-related and operational-related geology and soils could be 
reduced to a less-than-significant level by mitigation that can and should be 
implemented by local lead agencies, but is beyond the authority of CARB and not within 
its purview.


Mitigation Measure 7-1


The Regulatory Setting in Attachment A includes applicable laws and regulations that 
relate to geology and soils. CARB does not have the authority to require implementation 
of mitigation related to new or modified facilities that would be approved by local 
jurisdictions. The ability to require such measures is under the purview of jurisdictions 
with local or State land use approval and/or permitting authority. New or modified 
facilities in California would qualify as a “project” under CEQA. The jurisdiction with 
primary approval authority over a proposed action is the Lead Agency, which is required 
to review the proposed action for compliance with CEQA statutes. Project specific 
impacts and mitigation would be identified during the environmental review by agencies 
with project-approval authority. Recognized practices that are routinely required to 
avoid and/or minimize impacts to geology and soils include:
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· Proponents of new or modified facilities constructed because of reasonably
foreseeable compliance responses to new regulations would coordinate with
local or State land use agencies to seek entitlements for development
including the completion of all necessary environmental review requirements
(e.g., CEQA). The local or State land use agency or governing body would
certify that the environmental document was prepared in compliance with
applicable regulations and would approve the project for development.


· Based on the results of the environmental review, proponents shall implement
all mitigation measures identified in the environmental document to reduce
or substantially lessen the environmental impacts on soil erosion, landslides,
loss of topsoil, and damage to a unique paleontological and geologic feature.
The definition of actions required to mitigate potentially significant geology
and soil impacts may include the following; however, any mitigation
specifically required for a new or modified facility will be determined by the
local lead agency.


n Prior to the issuance of any development permits, proponents of new
or modified facilities or infrastructure would prepare a geotechnical
investigation/study, which would include an evaluation of the depth to
the water table, liquefaction potential, physical properties of
subsurface soils including shrink-swell potential (expansion), soil
resistivity, slope stability, mineral resources, and the presence of
hazardous materials.


n Proponents of new or modified facilities or infrastructure will provide a
complete site grading plan, and drainage, erosion, and sediment
control plan with applications to applicable lead agencies. Proponents
will avoid locating facilities on steep slopes, in alluvial fans and other
areas prone to landslides or flash floods, or with gullies or washes, as
much as possible.


n Disturbed areas outside of the permanent construction footprint will
be stabilized or restored using techniques such as soil loosening,
topsoil replacement, revegetation, and surface protection (i.e.,
mulching).


Because the authority to determine project-level impacts and require project-level 
mitigation lies with the land use approval and/or permitting agency for individual 
projects, and this programmatic level of review does not allow project-specific details 
of mitigation, there is inherent uncertainty in the degree of mitigation ultimately 
implemented to reduce the potentially significant impacts.


Consequently, while impacts could likely be reduced to a less-than-significant level with 
mitigation measures imposed by the land use and/or permitting agencies acting as lead 
agencies for these individual projects under CEQA, if and when a project proponent 
seeks a permit for compliance-response related project, this Draft EA takes the 
conservative approach in its post-mitigation significance conclusion and discloses, for 
CEQA compliance purposes, that long-term operational impacts on geology and soils 
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associated with the Proposed Program would remain potentially significant and 
unavoidable.


8. Greenhouse Gas Emissions


Impact 8-1: Short-Term Construction-Related and Long-Term Operational-Related 
Impacts to Greenhouse Gas Emissions


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities96. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Construction of facilities would require use of vehicles and equipment that would 
consume fuel and emit GHGs for construction activities, materials transport, and worker 
commutes. Construction-related GHG emissions would be temporary and last only for 
the duration of construction. Local agencies, such as air pollution control districts, are 
generally charged with determining acceptable thresholds of GHG emissions, measured 
in metric tons of carbon dioxide equivalent per year (MTCO2e/year). Quantification of 
short-term construction-related GHG emissions is generally based on a combination of 
methods, including the use of exhaust emission rates from emissions models, such as 
OFFROAD 2007 and EMFAC 2021. These models require consideration of assumptions, 
including construction timelines and energy demands (e.g., fuel and electricity). 


Air districts differ in their treatment of construction emissions. For instance, the 
Sacramento Metropolitan Air Quality Management District recommends that 
construction emissions be compared to a bright-line threshold of significance of 1,100 
MTCO2e per year.97 Other air districts, such as the Bay Area Air Quality Management 


96 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
97 Sacramento Metropolitan Air Quality Management District. 2021. CEQA Guide. 
http://www.airquality.org/LandUseTransportation/Documents/Ch6GHG2-26-2021.pdf. 



http://www.airquality.org/LandUseTransportation/Documents/Ch6GHG2-26-2021.pdf
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District, does not have a numerical threshold for assessing the significance of 
construction-generated GHG emissions.98 Additionally, other air districts, such as the 
South Coast Air Quality Management District, recommend amortizing construction 
emissions over a 30-year period and adding these emissions to total operational 
emissions.99


Depending on project size, the generation of construction emissions are inherently 
short-term when compared to operational emissions which continue to emit until a 
project or facility has been decommissioned. Nevertheless, GHGs typically have a long 
atmospheric lifespan. Therefore, construction emissions must be considered in the 
overall context of a project. Thus, it is important that the Proposed Program’s benefits 
outweigh the emissions from the construction level. 


The Proposed Program would achieve GHG benefits to the State of California relative 
to the current ACC regulation. The Proposed Program is projected to reduce 
approximately 383.5 million metric tons of CO2 equivalent (MMTCO2e) of GHG from 
2026 to 2040 (quantified as CO2e as defined above). In 2040, when comparing 
the Proposed Program to the BAU, GHG emissions would be reduced 181,889 tons of 
CO2e, a reduction of 52 percent. This additional reduction is achieved by reducing 
fuel consumption through the transition to ZEV and PHEVs in the mobile sector.


Projected GHG emissions compared to the business-as-usual scenario, GHG emissions 
in 2021 (baseline year), and the forecasted emissions of the Proposed Program can be 
seen in Figure 7.


For more details regarding quantified GHG reductions from the Proposed Program, see 
Appendix D of the ISOR.


Table 13: GHG Emission Benefits from the Proposed Program100


Year
BAU Emissions 


(ton/day)
Proposed Program 
Emissions (ton/day)


Emission 
Reduction 
(ton/day)


Percent Emission 
Reduction*


2021 479,811 479,811 - 0.0%


98 Bay Area Air Quality Management District. 2017. CEQA Air Quality Guidelines. 
https://www.baaqmd.gov/~/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-
pdf.pdf?la=en. 
99 South Coast Air Quality Management District. 2008. Draft Guidance Document – Interim CEQA 
Greenhouse Gas Significance Threshold. http://www.aqmd.gov/docs/default-
source/ceqa/handbook/greenhouse-gases-(ghg)-ceqa-significance-thresholds/ghgattachmente.pdf. 
100 The combined emission benefits associated with upstream fuel production and vehicle emissions (i.e., 
well-to-wheel) are summarized. Given the potentially large impacts of this specific regulation upon 
transportation fuels as a result of its scope and ambition, an upstream fuels discussion was deemed 
appropriate in this instance with caveats and transparency as to its assumptions provided in Appendix D 
of the ISOR. Separate policy, regulatory, or industry actions, such as changing import/export balance 
decisions at refineries, could cause different results. A complete policy portfolio of both technology and 
upstream regulations will affect the ultimate outcome. This analysis reflects one reasonable scenario.



https://www.baaqmd.gov/~/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-pdf.pdf?la=en

https://www.baaqmd.gov/~/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-pdf.pdf?la=en

http://www.aqmd.gov/docs/default-source/ceqa/handbook/greenhouse-gases-(ghg)-ceqa-significance-thresholds/ghgattachmente.pdf

http://www.aqmd.gov/docs/default-source/ceqa/handbook/greenhouse-gases-(ghg)-ceqa-significance-thresholds/ghgattachmente.pdf
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Year
BAU Emissions 


(ton/day)
Proposed Program 
Emissions (ton/day)


Emission 
Reduction 
(ton/day)


Percent Emission 
Reduction*


2026 442,980 440,034 2,946 1%
2030 405,508 372,917 32,663 8%
2035 371,668 265,774 105,915 28%
2040 351,608 169,719 181,889 52%


* The benefits shown are relative to BAU, and the benefit relative to the 2021 existing
conditions/baseline would be higher.


Figure 7: Projected Upstream GHG Emissions in Million Metric Tons per Year 
Between Proposed Project and Business-as-Usual 


Increased demand for lithium-ion and NiMH based batteries could increase the need 
for manufacturing, refurbishing, and recycling facilities domestically and abroad, which 
may require modifications to or construction of new facilities. Increased use of lithium 
and NiMH batteries could also increase lithium, nickel, and cobalt mining and exports 
from countries with raw mineral supplies. Some lithium demand may be met 
domestically; additionally, as discussed under Impact 12-1, “Short-Term Construction-
Related and Long-Term Operation-Related Effects to Mineral Resources,” some nickel 
demand could be met domestically; however, the majority of nickel production is 
produce outside of the United States. Additionally, the majority of cobalt is mined 
outside of the United States.
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It is possible that compliance responses may contribute at some level to demand for 
fuel cells, which could result in platinum mining and exports from source countries or 
other states and increased recycling, refurbishment, or disposal of hydrogen fuel cells. 
The movement of lithium, nickel, cobalt, and platinum domestically and worldwide 
would generate GHG emissions from vehicle and vessel movement that ship and 
distribute resources to global manufacturing facilities. Additionally, the mining of these 
resources would require the use of heavy equipment, which would likely be powered by 
diesel fuel, the combustion of which would produce GHG emissions. However, these 
materials would ultimately offset the combustion of gasoline, diesel, and other fossil 
fuels, reducing associated emissions.


As discussed under Impact 3-2, “Long-Term Operation-Related Effects on Air Quality,” 
of this Draft EA, the electrical demand generated by the use of ZEV and PHEVs would 
be supplied by public utility companies. California’s electrical grid will become 
increasingly cleaner by utilizing more renewable energy over the coming years to 
comply with the targets mandated by the RPS. Implementation of the Proposed 
Program would minimize emissions associated with operation of light- and medium-duty 
vehicles and would assist the State in meeting GHG reduction goals. Therefore, long-
term operational-related GHG impacts associated with implementation of the Proposed 
Program would be beneficial. 


9. Hazards and Hazardous Materials


Impact 9-1: Short-Term Construction-Related Impacts to Hazards and Hazardous 
Materials


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities101. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 


101 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


The Proposed Program could require the construction of manufacturing, production, 
and recycling facilities as well as new infrastructure and increased mining activity. 
Construction activities associated with these facilities and new infrastructure as well as 
increased mining activities may require the transport, use, and disposal of hazardous 
materials. Construction activities generally use heavy-duty equipment requiring periodic 
refueling and lubricating fluids. Large pieces of construction equipment (e.g., backhoes, 
graders) are typically fueled and maintained at the construction site as they are not 
designed for use on public roadways. Thus, such maintenance uses a service vehicle that 
mobilizes to the location of the construction equipment. It is during the transfer of fuel 
that the potential for an accidental release is most likely. Although precautions would 
be taken to ensure that any spilled fuel is properly contained and disposed, and such 
spills are typically minor and localized to the immediate area of the fueling (or 
maintenance), the potential remains for a substantial release of hazardous materials into 
the environment. Therefore, short-term construction-related impacts to hazards and 
hazardous materials associated with the Proposed Program would be potentially 
significant.


Mitigation Measure 9-1 


The Regulatory Setting in Attachment A includes, but is not limited to, applicable laws, 
regulations, and policies related to hazards and hazardous materials. CARB does not 
have the authority to require implementation of mitigation related to new or modified 
facilities that would be approved by local jurisdictions. The ability to require such 
measures is under the purview of jurisdictions with discretionary local land use and/or 
permitting authority. New or modified facilities in California could qualify as a “project” 
under CEQA. The jurisdiction with primary permitting authority over a proposed action 
is the Lead Agency, which is required to review the proposed action for compliance with 
CEQA statutes. Project-specific impacts and mitigation may be identified during the 
environmental review by agencies with discretionary project approval authority. 
Recognized practices that are routinely required to avoid upset and accident-related 
impacts include: 


· Proponents of new or modified facilities constructed as a compliance 
response to the Proposed Program would coordinate with local land use 
agencies to seek entitlements for development including the completion of 
all necessary environmental review requirements (e.g., CEQA). The local land 
use agency or governing body would certify that the environmental document 
was prepared in compliance with applicable regulations and would approve 
the project for development.


· Based on the results of the environmental review, proponents would 
implement all mitigation identified in the environmental document to reduce 
or substantially lessen the environmental impacts of the project. The definition 
of actions required to mitigate potentially significant upset and accident-
related hazard impacts may include the following; however, any mitigation 
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specifically required for a new or modified facility would be determined by 
the local lead agency. 


n Handling of potentially hazardous materials/wastes shall be performed 
by or under the direction of a licensed professional with the necessary 
experience and knowledge to oversee the proper identification, 
characterization, handling and disposal or recycling of the materials 
generated as a result of the project. As wastes are generated, they shall 
be placed, at the direction of the licensed professional, in designated 
areas that offer secure, secondary containment and/or protection from 
storm water runoff. Other forms of containment may include placing 
waste on plastic sheeting (and/or covering with same) or in steel bins 
or other suitable containers pending profiling and disposal or recycling. 


n The temporary storage and handling of potentially hazardous 
materials/wastes shall be in areas away from sensitive receptors such 
as schools or residential areas. These areas shall be secured with chain-
link fencing or similar barrier with controlled access to restrict casual 
contact from non-Project personnel. All project personnel that may 
encounter potentially hazardous materials/wastes shall have the 
appropriate health and safety training commensurate with the 
anticipated level of exposure.


Because the authority to determine project-level impacts and require project-level 
mitigation lies with local land use and/or permitting agencies for individual projects, 
CARB finds it legally infeasible to enforce this measure. Moreover, due to the 
programmatic analysis of this EA, which does not allow project-specific details of 
potential impacts and associated mitigation, there is inherent uncertainty in the degree 
of mitigation that lead agencies may ultimately implement to reduce the potentially 
significant impacts if they approve these potential projects.


Consequently, while impacts could likely be reduced to a less-than-significant level with 
mitigation measures imposed by the land use and/or permitting agencies acting as lead 
agencies for these individual projects under CEQA, if and when a project proponent 
seeks a permit for compliance-response related project, this Draft EA takes the 
conservative approach in its post-mitigation significance conclusion and discloses, for 
CEQA compliance purposes, that the potential short-term construction-related impacts 
regarding hazards and hazardous materials associated with the Proposed Program 
could be potentially significant and unavoidable.


Impact 9-2: Long-Term Operational Impacts to Hazards and Hazardous Materials


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
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ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities102. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Proposed Program related to operation of charging infrastructure and hydrogen 
stations could use potentially hazardous equipment such as electrical cables, high 
voltage systems, and high pressure hydrogen gas transport and storage systems. The 
long-term operation of new infrastructure and facilities associated with alternative fuels 
would result in the routine transport, use, and disposal of hazardous materials, such as 
lubricating fluids for heavy-duty equipment. Maintenance of heavy-duty construction 
equipment presents the potential for the accidental release of hazardous materials due 
to the location of where maintenance activities would occur. While precautions would be 
taken to minimize risk, the potential for accidental release of a hazardous material during 
construction still exists. Hazardous materials can enter lakes, reservoirs, and other waters 
through accidental spills. Hazardous materials spilled on the ground or leaking from 
equipment can contaminate groundwater.


There could be an increase in use of facilities that manufacture, recycle, and refurbish 
batteries and fuel cells due to increased demand. Hazardous materials are used during 
and created by operations of such facilities. For example, smelting is used to recycle 
batteries and creates hazardous emissions, although those are generally treated. 
Chemical leaching processes uses chemicals such as hydrochloric acid and sulfuric 
acid.103 These activities would be more likely to occur indoors in a contained area and 
with proper equipment, limiting the potential effects of spills and accidents as activities 
involving the use of hazardous materials would occur within the confines of facilities. 
Risk of outdoor release of hazardous materials would be highest during the movement 
of raw goods to manufacturing facilities or the export of finished goods containing 
hazardous materials following the manufacturing process. The transport, use, and 
disposal of hazardous materials would be required to comply with all applicable federal, 
State, and local laws that would reduce the potential for accidents and require certain 


102 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
103 Jacoby, Mitch. 2019. “It’s time to get serious about recycling lithium-ion batteries.” July 14, 2019. 


Accessed March 11, 2022. https://cen.acs.org/materials/energy-storage/time-serious-recycling-
lithium/97/i28. 



https://cen.acs.org/materials/energy-storage/time-serious-recycling-lithium/97/i28
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actions should a spill or release occur; however, the potential remains for the release of 
hazardous materials into the environment.


Implementation of the Proposed Program could result in an increase in demand for 
lithium mining. Lithium is currently sourced in two ways: from hard rock, and from the 
evaporation of salt brines. Lithium from rock sources is primarily produced from 
spodumene, a lithium/aluminum/silicate mineral. Salt brine sources include salt lakes, 
which are currently the main source of lithium, and geothermal brines and salt brines 
associated with oil deposits. Lithium is the lightest solid metal. It can be absorbed into 
the body by inhalation of its aerosol and by ingestion and is corrosive to the eyes, the 
skin, and the respiratory tract. Lithium reacts violently with strong oxidants, acids, and 
many compounds (hydrocarbons, halogens, halons, concrete, sand and asbestos) causing 
a fire and explosion hazard. In addition, lithium reacts with water, forming highly 
flammable hydrogen gas and corrosive fumes of lithium hydroxide. Lithium hydroxide 
represents a potentially substantial environmental hazard, particularly to water organisms. 
Implementation of the Proposed Program may also increase demand for platinum mining. 
Platinum mining can expose workers to excessive dust that can result in respiratory 
ailments.104


Lithium metal batteries contain potentially toxic metals, such as copper and nickel, and 
organic chemicals, like toxic and flammable electrolytes.105 Improper management of 
lithium-ion batteries could pose an environmental hazard and be of concern to public 
safety. There have been some cases with consumer products containing lithium-ion 
batteries catching fire after or during transportation to disposal facilities. Once ignited, 
the resulting fires can be especially difficult to extinguish as temperatures can rapidly 
increase to up to 500 degrees Celsius (932 degrees Fahrenheit) as a result of interactions 
between a battery’s cathodes and anodes, and water is an ineffective extinguisher.106


The likelihood to overheat or ignite is increased if the batteries are poorly packaged, 
damaged, or exposed to a fire or a heat source. However, when packaged and handled 
properly, lithium-ion batteries pose no environmental hazard (79 Fed. Reg. 46011, 
46032). Further, these impacts are largely associated with the use and production of 
lithium-ion batteries used in consumer products as compared to lithium-ion batteries 
used for automotive cars.


There are inherent risks associated with the installation and use of hydrogen fuel cells 
including fire and explosion, electric shock, and exposure to toxic materials. Hydrogen 


104 Sepadi, Maasago M., Martha Chadyiwa, and Vusumuzi Nkosi. 2020. "Platinum Mine Workers’ 
Exposure to Dust Particles Emitted at Mine Waste Rock Crusher Plants in Limpopo, South Africa." 
International Journal of Environmental Research and Public Health 17 (2): 655. 
doi:10.3390/ijerph17020655. 


105 Zeng, Xianlai, Jinhui Li, and Lili Liu. 2015. "Solving spent lithium-ion battery problems in China: 
Opportunities and challenges." Renewable and Sustainable Energy Reviews, December: 1759-1767. 
doi:10.1016/j.rser.2015.08.014. 


106 Battery University. 2022. “BU-304a: Safety Concerns with Li-ion.” Last updated February 22, 2022. 
Accessed March 24, 2022. https://batteryuniversity.com/article/bu-304a-safety-concerns-with-li-ion. 
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possesses several hazardous properties such as a very wide flammability range, very low 
ignition energy, low viscosity, high diffusivity, and is chemically lighter than air.107


However, fuel cell manufacturers developed and extensively safety-tested carbon-fiber 
hydrogen tanks, which can withstand environmental and man-made damage, including 
crash testing and ballistics. Hydrogen tanks are designed with multiple safety 
enhancements to prevent leaks in both routine use and extreme circumstances. Should 
a leak and subsequent ignition happen, the low radiant heat of a hydrogen fire and high 
diffusivity of hydrogen would reduce any potential damage, especially when compared 
to a gasoline fire.


The design of lithium-ion batteries and hydrogen fuel cells and the compliance with 
regulations are sufficient to reduce adverse impacts associated with hazards and 
hazardous materials. 


An increase in demand for lithium-ion batteries and fuel cells could result in increased 
recycling, refurbishment, or disposal of lithium-ion batteries and hydrogen fuel cells. 
However, any increased rates of disposal of lithium-ion batteries and hydrogen fuel cells 
would need to comply with California law, including, but not limited to, California’s 
Hazardous Waste Control Law and implementing regulations. Compliance with the 
appropriate federal and state laws governing the handling of potentially hazardous 
materials would be sufficient to minimize the risks from lithium-ion batteries and fuel 
cells because they ensure adequate handling and disposal safeguards to address these 
risks. 


For the reasons described above, long-term operational impacts to hazards and 
hazardous materials associated with the Proposed Program would be potentially 
significant.


Mitigation Measure 9-2: Implement Mitigation Measure 9-1 


Because the authority to determine project-level impacts and require project-level 
mitigation lies with local land use and/or permitting agencies for individual projects, 
CARB finds it legally infeasible to enforce this measure. Moreover, due to the 
programmatic analysis of this EA, which does not allow project-specific details of 
potential impacts and associated mitigation, there is inherent uncertainty in the degree 
of mitigation that may ultimately by implemented to reduce potentially significant 
impacts if it approves these potential projects.


Consequently, while impacts could be reduced to a less-than-significant level with 
mitigation measures imposed by the land use and/or permitting agencies acting as lead 
agencies for these individual projects under CEQA, if and when a project proponent 
seeks a permit for compliance-response related project, this Draft EA takes the 
conservative approach in its post-mitigation significance conclusion and discloses, for 
CEQA compliance purposes, that the potential long-term operation-related impacts 


107 Health and Safety Executive, Fuel Cells: Understand the Hazards, Control the Risks, 2004.
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regarding hazards and hazardous materials associated with the Proposed Program 
could be potentially significant and unavoidable.


10. Hydrology and Water Quality 


Impact 10-1: Short-Term Construction-Related Impacts to Hydrology and Water 
Quality


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities108. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Construction activities could require disturbance of undeveloped areas, such as clearing 
of vegetation, earth movement and grading, trenching for utility lines, erection of new 
buildings, and paving of parking lots, delivery areas, and roadways. Specific construction 
projects would be required to comply with applicable erosion, water quality standards, 
and waste discharge requirements (e.g., NPDES, Stormwater Pollution Prevention Plan).


Short-term construction-related effects to hydrologic resources associated with the 
Proposed Program would be potentially significant.


Potential construction-related hydrology and water quality impacts could be reduced to 
a less-than-significant level by mitigation that can and should be implemented by local 
lead agencies, but is beyond the authority of CARB and not within its purview.


Mitigation Measure 10-1


The Regulatory Setting in Attachment A includes applicable laws and regulations 
regarding hydrology and water quality. CARB does not have the authority to require 


108 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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implementation of mitigation related to new or modified facilities that would be 
approved by local jurisdictions. The ability to require such measures is under the purview 
of jurisdictions with local or State land use approval and/or permitting authority. New 
or modified facilities in California would qualify as a “project” under CEQA. The 
jurisdiction with primary approval authority over a proposed action is the Lead Agency, 
which is required to review the proposed action for compliance with CEQA statutes. 
Project -specific impacts and mitigation measures would be identified during the 
environmental review by agencies with project-approval authority. Recognized practices 
that are routinely required to avoid and/or mitigate hydrology and water quality-related 
impacts include the following:


· Proponents of new or modified facilities constructed because of reasonably 
foreseeable compliance responses to new regulations would coordinate with 
local or State land use agencies to seek entitlements for development 
including the completion of all necessary environmental review requirements 
(e.g., CEQA). The local or State land use agency or governing body would 
certify that the environmental document was prepared in compliance with 
applicable regulations and would approve the project for development.


· Based on the results of the environmental review, proponents shall implement 
all feasible mitigation identified in the environmental document to reduce or 
substantially lessen the potentially significant impacts of a project. The 
definition of actions required to mitigate potentially significant hydrology and 
water quality impacts may include the following; however, any mitigation 
specifically required for a new or modified facility would be determined by 
the local lead agency. Project proponents shall implement the following 
measures as applicable:


n Implement Best Management Practices to reduce sedimentation and 
pollution of surface waters, such as installation of silt fencing around 
the perimeter of active construction areas, sediment traps, 
revegetation, and rock and gravel cover


n Train construction workers for proper response to hazardous materials 
spills as well as responsibilities for maintaining BMPs on site. 


n Drainage plans for runoff shall be designed to contain adequate 
capacity for projected flows on site. 


n Avoid filling of waters of the United States and waters of the State to 
the extent feasible. If activities require a waste discharge requirement 
or Section 401 Water Quality Certification, comply with all avoidance, 
reduction, and compensatory measures. 


· Under the oversight of the local lead agency, prior to issuance of any 
construction permits, the proponents for the proposed project shall prepare 
a stormwater drainage and flood control analysis and management plan. The 
plans will be prepared by a qualified professional and will summarize existing 
conditions and the effects of project improvements, and will include all 
appropriate calculations, a watershed map, changes in downstream flows and 
flood elevations, proposed on- and off-site improvements, features to 
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protection downstream uses, and property and drainage easements to 
accommodate downstream flows from the site. Project drainage features will 
be designed to protect existing downstream flow conditions that will result in 
new or increased severity of offsite flooding.


· Project proponents shall establish drainage performance criteria for off-site 
drainage, in consultation with county engineering staff, such that project-
related drainage is consistent with applicable facility designs, discharge rates, 
erosion protection, and routing to drainage channels, which could be 
accomplished by, but is not limited to: (a) minimizing directly connected 
impervious areas; (b) maximizing permeability of the site; and, (c) stormwater 
quality controls such as infiltration, detention/retention, and/or biofilters; and 
basins, swales, and pipes in the system design.


· The project proponent shall design and construct new facilities to provide 
appropriate flood protection such that operations are not adversely affected 
by flooding and inundation. These designs will be approved by the local or 
State land use agency. The project proponent will also consult with the 
appropriate flood control authority on the design of offsite stream crossings 
such that the minimum elevations are above the predicted surface-water 
elevation at the agency’s designated design peak flows. Drainage and flood 
prevention features shall be inspected and maintained on a routine schedule 
specified in the facility plans, and as specified by the county authority.


· As part of subsequent project-level planning and environmental review, the 
project proponent shall coordinate with the local groundwater management 
authority and prepare a detailed hydrogeological analysis of the potential 
project-related effects on groundwater resources prior to issuance of any 
permits. The proponent shall mitigate for identified adverse changes to 
groundwater by incorporating technically achievable and feasible 
modifications into the project to avoid offsite groundwater level reductions, 
use alternative technologies or changes to water supply operations, or 
otherwise compensate or offset the groundwater reductions.


Because the authority to determine project-level impacts and require project-level 
mitigation lies with the land use approval and/or permitting agency for individual 
projects, and this programmatic level of review does not allow for those project-specific 
details of mitigation, there is inherent uncertainty in the degree of mitigation ultimately 
implemented to reduce the potentially significant impacts.


Consequently, while impacts could be reduced to a less-than-significant level by land 
use and/or permitting agency conditions of approval, this EA takes the conservative 
approach in its post-mitigation significance conclusion and discloses, for CEQA 
compliance purposes, that short-term construction-related effects to hydrology and 
water quality associated with the Proposed Program would be potentially significant 
and unavoidable.
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Impact 10-2: Long-Term Operational-Related Effects to Hydrology and Water 
Quality


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities109. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Implementation of the Proposed Program would result in increased demand for 
batteries, which would accelerate the market for mined resources, lithium for example. 
Mining of hard rock would require the use of conventional mining practices including 
the creation of underground mines and open pits, which would result in the removal of 
organic material (e.g., bedrock, vegetation). Additionally, lithium can be collected from 
continental brines found in various basins. Salty groundwater is pumped into lagoons 
where it undergoes evaporation producing salts containing lithium compounds. This 
process could result in overdrafting of groundwater as well as groundwater 
contamination from metals such as antimony and arsenic. 


Mineral extraction and mining activities within the U.S. would be required to comply 
with the provisions of the Clean Water Act and the natural resource protection and land 
reclamation requirements of the appropriate State and federal land managers. For 
instance, the U.S. Bureau of Land Management and U.S. Forest Service mining permit 
conditions contain protections for hydrologic resources and require mining reclamation 
standards. However, lithium is obtained from areas outside of the U.S., where State and 
U.S. laws and regulation are not enforced. Thus, water quality impacts related to mining 
could occur related to the implementation of the reasonably foreseeable compliance 
responses associated with the Proposed Program.


109 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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Under the Proposed Program, the demand for oil and gas extraction activities could 
decrease. Oil and gas extraction can produce substantial adverse effects to hydrology. 
For instance, fracking requires the use of millions of liters of water and consequently 
millions of liters of wastewater, which can contaminate groundwater with toxic chemical 
compounds.110 As on June 2015, U.S. EPA had identified 1,173 known chemicals used 
in the fracking industry. Additionally, accidental release of oil or gas and related 
wastewater (e.g., spills from pipelines or trucks, leakage from wastewater ponds or 
tanks) can introduce toxicants, radionuclides, and dissolved metals, and affect the 
salinity of local drinking water supplies.111 Through implementation of the Proposed 
Program, the aforementioned effects to hydrologic resources would be reduced as zero-
emission technologies displace internal combustion engines. As a result, adverse 
hydrologic effects associated with oil and gas extraction could be decreased through 
implementation of the Proposed Program.


New facilities constructed as a result of implementation of the Proposed Program could 
have long-term effects on hydrologic conditions and characteristics. Depending on the 
location of these facilities, the physical alterations caused by these facilities could 
produce long-term effects to runoff patterns and natural drainage, impede or reroute 
natural flood patterns. As such, operation of new facilities could have long-term effects 
related to the permanent introduction of new surfaces that could alters the existing 
drainage pattern of a project site or area. These impacts would be potentially significant. 


As such, long-term operational-related effects to hydrology and water quality would be 
potentially significant. 


This impact could be reduced to a less-than-significant level by mitigation that can and 
should be implemented by local lead agencies, but is beyond the authority of CARB and 
not within its purview.


Mitigation Measure 10-2: Implement Mitigation Measure 10-1


Because the authority to determine project-level impacts and require project-level 
mitigation lies with land use and/or permitting agencies for individual projects, and the 
programmatic level of analysis associated with this EA does not attempt to address 
project-specific details of mitigation, there is inherent uncertainty in the degree of 
mitigation that may ultimately be implemented to reduce potentially significant impacts. 


Consequently, while impacts could be reduced to a less-than-significant level by land 
use and/or permitting agency conditions of approval, this EA takes the conservative 


110 European Parliament. 2012. "Policy Department A: Economic and Scientific Policy, Workshop on the 
Impact of Shale Gas and Shale Oil Extraction on the Environment and on Human Health." March. 
https://www.europarl.europa.eu/document/activities/cont/201312/20131205ATT75545/20131205ATT
75545EN.pdf. 


111 Konkel, Lindsey. 2016. “Salting the Earth: The Environmental Impact of Oil and Gas Wastewater 
Spills.” Environmental Health Perspectives 124 (12). December 2016. 
http://dx.doi.org/10.1289/ehp.124-A230. 
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approach in its post-mitigation significance conclusion and discloses, for CEQA 
compliance purposes, that long-term operational-related impacts to hydrology and 
water quality under the Proposed Program would be potentially significant and 
unavoidable.


11. Land Use


Impact 11-1: Short-Term Construction-Related and Long-Term Operation-Related 
Effects to Land Use


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities112. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Reasonably foreseeable compliance responses associated with the Proposed Program 
may include: increased infrastructure for hydrogen refueling and electric recharging 
stations; increased demand for battery manufacturing and associated increases in 
mining and exports; increased recycling or refurbishment of batteries; reduced 
extraction, refinement, and distribution of oil and gas products; increased solid waste 
to be diverted to landfills from the scrapping of old equipment; the construction and 
operation of new manufacturing facilities to support zero-emission technologies; and 
the construction and operation of new power plants, solar fields, wind turbines, and 
other electricity generation facilities to accommodate increased electrical demand 
associated with the deployment of zero-emission technologies.


Short-term construction-related effects on land use and planning associated with 
implementation of the Proposed Program may not be consistent with existing and 


112 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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planned land uses. The environmental consequences of land use changes are 
considered in their respective sections of the EA.


New or expanded battery manufacturing facilities would be subject to local zoning 
ordinances and would generally be located on sites planned for those types of facilities, 
which are typically placed apart from residential communities and would not typically 
divide an established community. Also, projects that are more likely to divide an 
established community tend to be linear (e.g., new highway, railroad, etc.). New 
transmission lines to support EV charging and other electrification would also not typically 
divide an established community because they are generally either undergrounded or 
strung on lines and therefore do not obstruct travel or lines of site between areas of the 
community. Therefore, the Proposed Program would have a less than significant impact. 


12. Mineral Resources


Impact 12-1: Short-Term Construction-Related and Long-Term Operation-Related 
Effects to Mineral Resources


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities113. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Implementation of the Proposed Program could also require construction and operation 
of substantial new and improved infrastructure (e.g., pipelines, compressor stations, 
fueling stations) to support the use of alternative fuels and fuel cells. Construction and 
operation of new and modified infrastructure could occur in areas that might have 
mineral resources, but it is more likely they would be located in areas zoned 
appropriately for such industrial uses rather than in areas with recoverable mineral 


113 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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resources that are zoned for mineral recovery. Similarly, these facilities are also more 
likely to be in already disturbed areas (e.g., fueling stations would be in areas already 
used by vessels for fueling or maintenance activities) that are not conducive to mineral 
recovery. Therefore, it is not expected these activities would impede recovery of mineral 
resources.


Increased use of ZEVs and PHEVs will require the use of batteries sourced by various 
precious metals (e.g., lithium, nickel, and cobalt) or fuel cells (e.g., platinum) for 
passenger vehicles covered by the Proposed Program. An increase in demand for 
batteries and fuel cells could result in lithium, nickel, cobalt, and platinum mining, 
among other resources, and exports from source countries or other states. While CARB 
recognizes that existing battery technology may contain a menu of various semi-
precious metals, minerals, and other mined resources, lithium and platinum will 
comprise the focus of this analysis, as many electric vehicle batteries and fuel cells 
primarily contain these notable metals. However, the reduced used of conventional 
internal combustion engine vehicles will result in a reduction in demand for platinum for 
catalytic converters.


Implementation of the Proposed Program could have an effect on the availability of 
known materials because it would involve mining lithium. Owing to continued 
exploration, identified lithium resources have increased substantially worldwide and 
total about 86 million tons. In 2021, the total amount of lithium ore available in the 
United States was 7.9 million tons in the form of continental brines, geothermal brines, 
hectorite, oilfield brines, and pegmatites. Lithium consumption for batteries has 
increased substantially in recent years due to increased demand for rechargeable 
lithium-ion batteries, which use approximately 74 percent of the world’s lithium 
resources.114 As of March 2022, a domestic lithium mine is in operation in Nevada and 
the developer, Controlled Thermal Resources has begun extracting lithium in the Salton 
Sea. Two companies produced a large array of downstream lithium compounds in the 
United States from domestic or South American lithium carbonate, lithium chloride, and 
lithium hydroxide. From 2016 through 2019, the United States imported lithium from 
Argentina (55 percent), Chile (36 percent), China (5 percent), Russia (2 percent), and 
others (2 percent).115 However, there are current initiatives at the State and federal level 
that are likely to influence lithium mining domestically, which includes efforts in 
California. Table 14 details lithium mine production and reserves by country.


Table 14: Lithium Mine Production and Reserves by Country116


Country
Mine Production in 


2020 (Tons)


Mine Production in 
2021 (Tons) 
(estimated)


Reserve Amount 
(Tons)


United States Withheld Withheld 750,000


114 United States Geological Survey. 2022. “Mineral Commodity Summaries, Lithium.” January 2022. 
Accessed March 7, 2022. https://pubs.usgs.gov/periodicals/mcs2022/mcs2022-lithium.pdf.
115 United States Geological Survey, “Mineral Commodity Summaries, Lithium.”
116 United States Geological Survey, “Mineral Commodity Summaries, Lithium.”
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Country Mine Production in 
2020 (Tons)


Mine Production in 
2021 (Tons) 
(estimated)


Reserve Amount 
(Tons)


Argentina 5,900 6,200 2,200,000
Australia 39,700 55,000 5,700,000
Brazil 1,420 1,500 95,000
Chile 21,500 26,000 9,200,000
China 13,300 14,000 1,500,000
Portugal 348 900 60,000
Zimbabwe 417 1,200 220,000
Other Countries — — 2,700,000
Worldwide Total 
(rounded and 
excluding U.S. 
production)


82,500 100,000 22,000,000


The magnitude of reserves, shown above, is necessarily limited by many considerations, 
including cost of drilling, taxes, price of the mineral commodity being mined and the 
associated demand. In addition to the reserves described above, deposits of mineral 
resources are also important to consider in assessing future supplies. Furthermore, 
owing to continuing exploration, identified lithium resources have increased 
substantially worldwide. Worldwide in 2021, lithium resources are currently estimated 
to be approximately 100 million tons, including 7.9 million tons in the United States, 21 
million tons in Bolivia, 19.3 million tons in Argentina, 9.6 million tons in Chile, 6.4 million 
tons in Australia, 5.1 million tons in China, 3 million tons in the Congo, 1.7 million tons 
in Mexico, 1.3 million tons in Czechia, and 1.2 million tons in Serbia. In addition, Peru, 
Mali, Zimbabwe, Brazil, Spain, Portugal, Ghana, Austria, Finland, Kazakhstan, and 
Namibia have resources of less than one million tons each. Further, due to steadily 
increasing demand for lithium, domestic recycling of lithium has also increased.117


As mentioned, there are efforts to increase domestic supply of lithium. Efforts to address 
supply chains of mineral commodities has gained substantial interest from the State and 
federal government, both of which have sought to address mineral independence and 
security. Examples of efforts include California Assembly Bill 1657 (Garcia), Chapter 271, 
2020 (AB 1657), which requires the California Energy Commission (CEC) to convene a 
Blue-Ribbon Commission on Lithium Extraction in California (Lithium Valley 
Commission). The Lithium Valley Commission is charged with reviewing, investigating, 
and analyzing issues and potential incentives regarding lithium extraction and use in 
California. At the federal level, EO 14017 directed federal agencies to perform a 100-
day review of "supply chain risks" for four classes of products, including semiconductors, 
high-capacity batteries (including for electric vehicles), critical and strategic minerals


117 United States Geological Survey, “Mineral Commodity Summaries, Lithium.”
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(including rare earths), and pharmaceuticals.118 The EO additionally directs agencies to 
perform year-long reviews of supply chains in six critical sectors, which includes 
transportation and energy. The reviews will seek to identify supply chain risks that leave 
the United States vulnerable to reductions in the availability and integrity of critical 
goods, products, and services, and will include policy recommendations for address 
such risks. The EO indicates that, among other approaches, the current administration 
will explore how trade policies and agreements can be used to strengthen the resilience 
of U.S. supply chains.


In summary, while substantial research has been done and there is a clear commitment 
to increasing domestic supply of lithium, exact actions that will be taken in response to 
this goal of increasing domestic supply of lithium are yet to be identified with certainty. 
However, the increase in demand that could be associated with the Proposed Program 
suggests existing extraction facilities would be used rather than requiring development 
of new extraction facilities.


The Proposed Program could also result in an increase in nickel mining to manufacture 
NiMH batteries. In 2021, the underground Eagle Mine in Michigan produced 
approximately 18,000 tons of nickel in concentrate, which was exported to smelters in 
Canada and overseas. A company in Missouri recovered metals, including nickel, from 
mine tailings as part of the Superfund Redevelopment Initiative. Nickel in crystalline 
sulfate was produced as a byproduct of smelting and refining platinum-group-metal 
ores mined in Montana.119 Table 15 below summarizes mine production of nickel by 
country in 2020 and 2021.


Table 15: Nickel Mine Production and Reserves by Country120


Country
Mine Production in 


2020 (Tons)


Mine Production in 
2021 (Tons) 
(estimated)


Reserve Amount 
(Tons)


United States 16,700 18,000 340,000
Australia 169,000 160,000 21,000,000
Brazil 77,100 100,000 16,000,000
Canada 167,000 130,000 2,000,000
China 120,000 120,000 2,800,000
Indonesia 771,000 1,000,000 21,000,000
New Caledonia 200,000 190,000 NA
Philippines 334,000 370,000 4,800,000
Russian 283,000 250,000 7,500,000


118 Presidential Documents 2021. “America’s Supply Chains.” Federal Register 86, no. 38 (February 24, 
2021): 14017. https://www.govinfo.gov/content/pkg/FR-2021-03-01/pdf/2021-04280.pdf. 
119 United States Geological Survey. 2022. "Mineral Commodity Summaries, Nickel." January 2022. 
Accessed March 7, 2022. https://pubs.usgs.gov/periodicals/mcs2022/mcs2022-nickel.pdf. 
120 United States Geological Survey, "Mineral Commodity Summaries, Nickel."
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Country Mine Production in 
2020 (Tons)


Mine Production in 
2021 (Tons) 
(estimated)


Reserve Amount 
(Tons)


Other Countries 373,000 410,000 20,000,000
Worldwide Total 
(rounded and 
excluding U.S. 
production)


2,510,000 2,700,000 >95,000,000


Cobalt mining may also increase as a result of implementation of the Proposed Program 
as battery production, which requires the use of cobalt, increases to support the 
electrification of the on-road mobile source sector. Identified cobalt resources of the 
United States are estimated to be about 1 million tons. Most of these resources are in 
Minnesota, but other important occurrences are in Alaska, California, Idaho, Michigan, 
Missouri, Montana, Oregon, and Pennsylvania. With the exception of resources in Idaho 
and Missouri, any future cobalt production from these deposits would be as a byproduct 
of another metal. Identified world terrestrial cobalt resources are about 25 million tons. 
The vast majority of these resources are in sediment-hosted stratiform copper deposits 
in the Democratic Republic of the Congo and Zambia; nickel-bearing laterite deposits 
in Australia and nearby island countries and Cuba; and magmatic nickel-copper sulfide 
deposits hosted in mafic and ultramafic rocks in Australia, Canada, Russia, and the 
United States. More than 120 million tons of cobalt resources have been identified in 
polymetallic nodules and crusts on the floor of the Atlantic, Indian, and Pacific Oceans. 
Table 16 summarizes cobalt extraction by country.121


Table 16: Cobalt Mine Production and Reserves by Country122


Country Mine Production in 
2020 (Tons)


Mine Production in 
2021 (Tons) 
(estimated)


Reserve Amount 
(Tons)


United States 600 700 69,000
Australia 5,630 5,600 1,400,000
Canada 3,690 4,300 220,000
China 2,200 2,200 80,000
Democratic Republic 
of the Congo


98,000 120,000 3,500,000


Cuba 3,800 3,900 500,000
Indonesia 1,100 2,100 600,000
Madagascar 850 2,500 100,000
Morocco 2,300 2,300 13,000
Papua New Guinea 2,940 3,000 47,000


121 United States Geological Survey. 2022. “Mineral Commodity Survey, Cobalt.” January 2022. 
Accessed March 7, 2022, https://pubs.usgs.gov/periodicals/mcs2022/mcs2022-cobalt.pdf. 
122 United States Geological Survey, “Mineral Commodity Survey, Cobalt.”
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Country Mine Production in 
2020 (Tons)


Mine Production in 
2021 (Tons) 
(estimated)


Reserve Amount 
(Tons)


Philippines 4,500 4,500 260,000
Russia 9,000 7,600 250,000
Other Countries 7,640 6,600 610,000
Worldwide Total 
(rounded and 
excluding U.S. 
production)


142,000 170,000 7,600,000


An increased demand for hydrogen fuel cell-powered vehicles and a related increase in 
demand for mining of platinum-group metals (PGMs) could occur. The leading domestic 
use for PGMs is in catalytic converters to decrease harmful emissions from gasoline 
fueled automobiles. Platinum-group metals are also used in catalysts for bulk-chemical 
production and petroleum refining; dental and medical devices; electronic applications, 
such as in computer hard disks, hybridized integrated circuits, and multilayer ceramic 
capacitors; glass manufacturing; investment; jewelry; and laboratory equipment.123


Table 17 summarizes world platinum and palladium production and reserves. The United 
States has some platinum production and reserves, and internationally South Africa has 
the highest volume of platinum production and reserves.124


Table 17: Platinum and Palladium Mine Production and Reserves125


Country
2019 


(metric tons 
Platinum)


2020 (metric 
tons 


Platinum) 
(estimated)


2019 (metric 
tons 


Palladium)


2019 (metric 
tons 


Palladium) 
(estimated)


Reserves 
(metric tons)


U.S. 4,150 4,000 14,300 14,000 900,000


Canada 7,800 7,800 20,000 20,000 310,000


Russia 24,000 21,000 98,000 91,000 3,900,000


South Africa 133,000 120,000 80,700 70,000 63,000,000


Zimbabwe 13,500 14,000 11,400 12,000 1,200,000


Other Countries 3,730 3,800 2,600 2,600 Not Available


World total 
(rounded) 186,000 170,000 227,000 210,000 69,000,000


Reserves data are dynamic. They may be considered a working inventory of mining 
companies’ supply of an economically extractable mineral commodity. Inventory is 


123 United States Geological Survey. 2021. "Mineral Commodity Summaries, Platinum." January 2021. 
Accessed August 11, 2021. https://pubs.usgs.gov/periodicals/mcs2021/mcs2021-platinum.pdf. 


124 United States Geological Survey, "Mineral Commodity Summaries, Platinum."
125 United States Geological Survey, "Mineral Commodity Summaries, Platinum."
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limited by many considerations, including cost of drilling, taxes, price of the mineral 
commodity being mined, and the demand for it.


Palladium has been substituted for platinum in most gasoline-engine catalytic 
converters because of the historically lower price for palladium relative to that of 
platinum. About 25 percent of palladium can routinely be substituted for platinum in 
diesel catalytic converters; the proportion can be as much as 50 percent in some 
applications. For some industrial end uses, one PGM can substitute for another, but with 
losses in efficiency. From 2016 through 2019, the United States imported platinum from 
South Africa (43 percent), Germany (21 percent), Italy (7 percent), Switzerland (6 
percent), and other countries (23 percent). During the same period, the United States 
imported palladium from Russia (38 percent), South Africa (33 percent), Germany (8 
percent), the United Kingdom (5 percent), and other countries (16 percent).126


Appendix G of the CEQA Guidelines considers an impact on mineral resources to be 
the loss of availability of a known mineral resource that would be of value to a local 
entity, a region, or the State. As discussed above, facilities developed in response to 
implementation of the Proposed Program would be located in areas within existing 
footprints or in areas with consistent zoning where original permitting and analyses 
considered these issues. Implementation of the Proposed Program and associated 
compliance responses could result in an increase in mining for lithium and PGMs but 
would be generally small when viewed in the context of global lithium markets. Thus, 
implementation of the Proposed Program would not affect the economic potential 
related to known mineral resources or substantially affect supply. Thus, long-term 
operation-related mineral resources effects associated with the Proposed Program 
would be less than significant. 


13. Noise and Vibration 


Impact 13-1: Short-Term Construction-Related Impacts to Noise and Vibration


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 


126 United States Geological Survey, "Mineral Commodity Summaries, Platinum."
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production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities127. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Construction noise levels that could result from the implementation of new 
manufacturing facilities and ZEV and PHEV-related infrastructure would fluctuate 
depending on the type, number, size, and duration of usage for the varying equipment. 
The effects of construction noise largely depend on the type of construction activities 
occurring on any given day, noise levels generated by those activities, distances to noise 
sensitive receptors, and the existing ambient noise environment in the receptor’s 
vicinity. Construction generally occurs in several discrete stages, each phase requiring a 
specific complement of equipment with varying equipment type, quantity, and intensity. 
These variations in the operational characteristics of the equipment change the effect 
they have on the noise environment of the project site and in the surrounding 
community for the duration of the construction process.


To assess noise levels associated with the various equipment types and operations, 
construction equipment can be considered to operate in two modes, mobile and 
stationary. Mobile equipment sources move around a construction site performing tasks 
in a recurring manner (e.g., loaders, graders, dozers). Stationary equipment operates in 
a given location for an extended period to perform continuous or periodic operations. 
Operational characteristics of heavy construction equipment are additionally typified by 
short periods of full-power operation followed by extended periods of operation at 
lower power, idling, or powered-off conditions. 


Additionally, when construction-related noise levels are being evaluated, activities that 
occur during the more noise-sensitive evening and nighttime hours are of increased 
concern. Because exterior ambient noise levels typically decrease during the late 
evening and nighttime hours as traffic volumes and commercial activities decrease, 
construction activities performed during these more noise-sensitive periods of the day 
can result in increased annoyance and potential sleep disruption for occupants of nearby 
residential uses.


The site preparation phase typically generates the most substantial noise levels because 
of the on-site equipment associated with grading, compacting, and excavation, which 
uses the noisiest types of construction equipment. Site preparation equipment and 
activities include backhoes, bulldozers, loaders, and excavation equipment 
(e.g., graders and scrapers). Construction of large structural elements and mechanical 
systems could require the use of a crane for placement and assembly tasks, which may 
also generate noise levels. Although a detailed construction equipment list is not 
currently available, based on this project type it is expected that the primary sources of 


127 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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noise would include backhoes, bulldozers, and excavators. Noise emission levels from 
typical types of construction equipment can range from approximately 74 to 94 A-
weighted decibels (dBA) at 50 feet. 


Based on this information and accounting for typical usage factors of individual pieces 
of equipment and activity types, on-site construction could result in hourly average noise 
levels of 87 dBA equivalent level measurements (Leq) at 50 feet and maximum noise 
levels of 90 dBA maximum sound level (Lmax) at 50 feet from the simultaneous operation 
of heavy-duty equipment and blasting activities, if deemed necessary. Based on these 
and general attenuation rates, exterior noise levels at noise-sensitive receptors located 
within thousands of feet from project sites could exceed typical standards (e.g., 50/60 
dBA Leq/Lmax during the daytime hours and 40/50 dBA Leq/Lmax during the nighttime 
hours). 


Additionally, construction activities may result in varying degrees of temporary 
groundborne noise and vibration, depending on the specific construction equipment 
used and activities involved. Groundborne noise and vibration levels caused by various 
types of construction equipment and activities (e.g., bulldozers, blasting) range from 
58 – 109 vibration decibels (VdB) and from 0.003 – 0.089 inch per second (in/sec) peak 
particle velocity (PPV) at 25 feet. Like the above discussion, although a detailed 
construction equipment list is not currently available, based on this project type it is 
expected that the primary sources of groundborne vibration and noise would include 
bulldozers and trucks. According to the Federal Transit Administration (FTA), levels 
associated with the use of a large bulldozer and trucks are 0.089 and 0.076 in/sec PPV 
(87 and 86 VdB) at 25 feet, respectively. With respect to the prevention of structural 
damage, construction-related activities would not exceed recommended levels (e.g., 
0.2 in/sec PPV). However, based on FTA’s recommended procedure for applying a 
propagation adjustment to these reference levels, bulldozing and truck activities could 
exceed recommended levels with respect to the prevention of human disturbance (e.g., 
80 VdB) within 275 feet. 


Thus, implementation of reasonably foreseeable compliance responses could result in 
the generation of short-term construction noise in excess of applicable standards or that 
result in a substantial increase in ambient levels at nearby sensitive receptors, and 
exposure to excessive vibration levels. 


Short-term construction-related effects on noise associated with the Proposed Program 
would be potentially significant. 


Potential construction-related noise impacts could be reduced to a less-than-significant 
level by mitigation that can and should be implemented by local lead agencies, but is 
beyond the authority of CARB and not within its purview.
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Mitigation Measure 13-1


The Regulatory Setting in Attachment A includes, but is not limited to, applicable laws 
and regulations that pertain to noise. CARB does not have the authority to require 
implementation of mitigation related to new or modified facilities that could be 
approved by local jurisdictions. The ability to require such measures is under the purview 
of jurisdictions with local or State land use approval and/or permitting authority. New 
or modified facilities in California would qualify as a “project” under CEQA. The 
jurisdiction with primary approval authority over a proposed action is the Lead Agency, 
which is required to review the proposed action for compliance with CEQA statutes. 
Project-specific impacts and mitigation measures would be identified during the 
environmental review by agencies with project-approval authority. Recognized practices 
that are routinely required to avoid and/or minimize noise include:


· Proponents of new or modified facilities constructed under the reasonably 
foreseeable compliance responses would coordinate with local or State land 
use agencies to seek entitlements for development including the completion 
of all necessary environmental review requirements (e.g., CEQA). The local or 
State land use agency or governing body would certify that the environmental 
document was prepared in compliance with applicable regulations and would 
approve the project for development.


· Based on the results of the environmental review, proponents would 
implement all mitigation identified in the environmental document to reduce 
or substantially lessen the environmental impacts of the project. The definition 
of actions required to mitigate potentially significant noise impacts may 
include the following; however, any mitigation specifically required for a new 
or modified facility would be determined by the local lead agency.


n Ensure noise-generating construction activities (including truck 
deliveries, pile driving, and blasting) are limited to the least noise-
sensitive times of day (e.g., weekdays during the daytime hours) for 
projects near sensitive receptors.


n Use noise barriers, such as berms, as needed (where feasible) to limit 
ambient noise at property lines, especially where sensitive receptors 
may be present.


n Ensure all project equipment has sound-control devices no less 
effective than those provided on the original equipment.


n All construction equipment used would be adequately muffled and 
maintained.


n Use battery-powered forklifts and other facility vehicles, as needed to 
remain within acceptable noise levels.


n Ensure all stationary construction equipment (i.e., compressors and 
generators) is located as far as practicable from nearby sensitive 
receptors or shielded.


n Properly maintain mufflers, brakes, and all loose items on 
construction- and operation-related-related vehicles to minimize noise 
and address operational safety issues. Keep truck operations to the 
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quietest operating speeds. Advise about downshifting and vehicle 
operations in sensitive communities to keep truck noise to a minimum.


n Use noise controls on standard construction equipment; shield impact 
tools.


n Use flashing lights instead of audible back-up alarms on mobile 
equipment, if necessary to maintain acceptable noise levels.


n Install mufflers on air coolers and exhaust stacks of all diesel and 
gas-driven engines.


n Equip all emergency pressure relief valves and steam blow-down lines 
with silencers to limit noise levels.


n Contain facilities within buildings or other types of effective noise 
enclosures.


n Employ engineering controls, including sound-insulated equipment 
and control rooms, to reduce the average noise level in normal work 
areas.


Because the authority to determine project-level impacts and require project-level 
mitigation lies with land use and/or permitting agencies for individual projects, and this 
programmatic level of review does not allow project-specific details of mitigation, there 
is inherent uncertainty in the degree of mitigation ultimately implemented to reduce the 
potentially significant impacts.


Consequently, while impacts could be reduced to a less-than-significant level by land 
use and/or permitting agency conditions of approval, this Draft EA takes the 
conservative approach in its post-mitigation significance conclusion and discloses, for 
CEQA compliance purposes, that the short-term construction-related effect regarding 
noise resulting from the construction of new facilities or reconstruction of existing 
facilities associated with the Proposed Program could be potentially significant and 
unavoidable.


Impact 13-2: Long-Term Operation-Related Effects to Noise and Vibration


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
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decreasing rates of oil and gas extraction and gasoline refining activities128. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Operational-related activities associated with mining could produce substantial 
stationary sources of noise. Mechanical equipment (e.g., dozers) required to excavate 
bedrock and vegetation would generate noise that could be considered adverse to 
sensitive receptors; however, it would be expected that expansion of existing mines 
would not involve sensitive receptors given that mines typically are in areas zoned 
industrial. Also, it would be anticipated that new lithium mines constructed as a 
compliance response to the Proposed Program would be in areas of consistent zoning 
and therefore not in close proximity to sensitive receptors. 


New sources of noise associated with implementation of Proposed Program could 
include operation of manufacturing plants. Manufacturing activity could include on-site 
noise sources, including fuel-delivery and other hauling-related activities (e.g., truck 
unloading), fuel-handling and processing activities (e.g., conveyor system, wheeled 
loader, dozer), and mechanical equipment (e.g., boiler, turbine, fans, pumps). 
Depending on the proximity to existing noise-sensitive receptors, stationary source 
noise levels could exceed applicable noise standards and result in a substantial increase 
in ambient noise levels.


Long-term operational noise effects associated with the Proposed Program would be 
potentially significant.


Mitigation Measure 13-2: Implement Mitigation Measure 13-1


Because the authority to determine project-level impacts and require project-level 
mitigation lies with land use and/or permitting agencies for individual projects, and the 
programmatic level of analysis associated with this Draft EA does not attempt to address 
project-specific details of mitigation, there is inherent uncertainty in the degree of 
mitigation that may ultimately be implemented to reduce potentially significant impacts. 
Although it is unlikely, even after implementation of Mitigation Measure 13-2, significant 
impacts on noise could occur.


Consequently, while impacts could be reduced to a less-than-significant level by land 
use and/or permitting agency conditions of approval, this EA takes the conservative 
approach in its post-mitigation significance conclusion and discloses, for CEQA 
compliance purposes, that long-term operational noise effects associated with the 
Proposed Program would be potentially significant and unavoidable. 


128 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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14. Population and Housing


Impact 14-1: Short-Term Construction-Related and Long-Term Operation-Related 
Effects to Population and Housing


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities129. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Construction and maintenance activities associated with new manufacturing, 
production, and recycling facilities, as well as new infrastructure and increased mining 
activities could result in additional employment; however, there is uncertainty as to the 
exact location or character of any new facilities. Construction activities would be 
anticipated to require relatively small crews, and demand for these crews would be 
temporary (e.g., 6 to 12 months per project). Therefore, it is anticipated that there would 
not be a need for substantial numbers of construction workers to relocate and that a 
sufficient construction employment base would likely be available.


Operation of new or modified facilities would generate varying levels of employment 
opportunities. The number of jobs produced would be directly related to the 
maintenance needs of these facilities. There is inherent uncertainty surrounding the 
exact locations of the new facilities. For lithium mines, the numbers of jobs produced 
would be directly related to the size, capacity, and, in some cases, commodity 
manufactured. This range could be between twenty (e.g., small feedstock processing 
facility) to several thousand (e.g., Tesla Gigafactory); however, it would be expected 
that locations of these facilities would be selected such that an appropriate employment 
base existed to support operation or where local jurisdictions have planned for 
increased population and employment growth. As such, no additional housing would 


129 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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be required to implement the reasonably foreseeable compliance response to the 
Proposed Program. 


Additionally, it is unlikely that any new facilities would be constructed in areas with 
existing housing because of the nature of the facilities. That is, industrial facilities would 
be sited in areas zoned for them. Therefore, it is unlikely the Proposed Program would 
displace existing housing.


Any additional employment needed to support the compliance response to these 
Proposed Program, including a rise in employment opportunities, would not be 
substantial enough to substantially increase a community’s population, require the 
construction of housing, or displace housing. Impacts would be less than significant.


15. Public Services


Impact 15-1: Short-Term Construction-Related and Long-Term Operation-Related 
Effects to Public Services


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities130. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


An increased need for public services is generally associated with growth in population. 
As discussed under Impact 14-1, the Proposed Program are not expected to result in a 
rise in employment opportunities that is great enough to substantially increase a 
community’s population. As a result, short-term construction-related and long-term 
operational-related effects, associated with the Proposed Program on response time for 


130 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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fire protection, police protection, schools, parks, and other facilities would be less than 
significant.


16. Recreation


Impact 16-1: Short-Term Construction-Related and Long-Term Operation-Related 
Effects to Recreation


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities131. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Construction and operation activities as well as new or modified facilities would likely 
occur within footprints of existing facilities, or in areas with appropriate zoning that 
permit such uses and activities. Therefore, compliance responses would not displace 
any recreational facilities. An increased need for recreational facilities and the 
accelerated degradation of existing recreational facilities is associated with growth in 
population. As discussed under Impact 14-1, the Proposed Program are not expected 
to result in a rise in employment opportunities that is great enough to substantially 
increase a community’s population. Therefore, new or expanded recreational facilities 
would not be needed, and existing facilities would not experience accelerated 
degradation. As a result, short-term construction-related and long-term operational-
related effects, associated with the Proposed Program on recreational facilities would 
be less than significant. 


131 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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17. Transportation 


Impact 17-1: Short-Term Construction-Related Effects to Transportation and Traffic


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities132. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


State CEQA Guidelines § 15064.3(b) identifies criteria for analyzing the transportation 
impacts of a project, including land use projects (§ 15064.3[b][1]) and transportation 
projects (§ 15064.3[b][2]). As discussed under Impact 14-1, construction activities would 
be anticipated to require relatively small crews, and demand for these crews would be 
temporary (e.g., 6 to 12 months per project) and would not result in construction worker 
migration. Therefore, while implementation of the Proposed Program includes 
development and operation of new facilities, short-term construction would not drive 
development of urban areas, residential development, major employment generation, 
or transportation projects. As discussed throughout this EA, including in Impact 3-1 
above, predicting the precise location, timing, duration and intensity of individual 
projects undertaken as compliance responses to the Proposed Program is not possible, 
given the performance standard-based nature of the requirements and given that the 
responses depend on individual business decisions. Therefore, modeling changes to 
VMT during construction of the various projects undertaken in response to the Proposed 
Program is not possible at this high-level planning stage. 


Although detailed information about potential specific construction activities is not 
currently available, it would be anticipated to result in short-term construction traffic 
(primarily motorized) from worker commute- and material delivery-related trips. 
Construction would induce some increase in localized VMT; however, this level would 


132 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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not be substantial and would be short-term in nature. The amount of construction 
activity would vary depending on the type, number, and duration of usage for the 
varying equipment, and the phase of construction. These variations would affect the 
amount of project-generated traffic for both worker commute trips and material 
deliveries. Depending on the amount of trip generation and the location of new 
facilities, implementation could conflict with applicable programs, plans, ordinances, or 
policies (e.g., performance standards, congestion management); and/or result in 
hazardous design features and emergency access issues from road closures, detours, 
and obstruction of emergency vehicle movement, especially due to project-generated 
heavy-duty truck trips. This effect would be potentially significant.


Potential construction-related traffic and transportation impacts could be reduced to a 
less-than-significant level by mitigation that can and should be implemented by local 
lead agencies, but is beyond the authority of CARB and not within its purview.


Mitigation Measure 17-1


The Regulatory Setting in Attachment A includes applicable laws and regulations 
regarding transportation. CARB does not have the authority to require implementation 
of mitigation related to new or modified facilities that would be approved by local 
jurisdictions. The ability to require such measures is under the purview of jurisdictions 
with local or State land use approval and/or permitting authority. New or modified 
facilities in California would qualify as a “project” under CEQA. The jurisdiction with 
primary approval authority over a proposed action is the Lead Agency, which is required 
to review the proposed action for compliance with CEQA statutes. Project-specific 
impacts and mitigation measures would be identified during the environmental review 
by agencies with project-approval authority. Recognized practices that are routinely 
required to avoid and/or minimize construction traffic impacts include:


· Proponents of new or modified facilities constructed will coordinate with local 
or State land use agencies to seek entitlements for development including the 
completion of all necessary environmental review requirements (e.g., CEQA). 
The local or State land use agency or governing body will certify that the 
environmental document was prepared in compliance with applicable 
regulations and will approve the project for development.


· Based on the results of the environmental review, proponents will implement 
all mitigation identified in the environmental document to reduce or 
substantially lessen potentially significant impacts on traffic and 
transportation. The definition of actions required to mitigate potentially 
significant traffic impacts may include the following; however, any mitigation 
specifically required for a new or modified facility will be determined by the 
local lead agency.


n Minimize the number and length of access, internal, service, and 
maintenance roads and use existing roads when feasible.
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n Provide for safe ingress and egress to/from the proposed project site. 
Identify road design requirements for any proposed roads, and related 
road improvements.


n If new roads are necessary, prepare a road siting plan and consult 
standards contained in federal, State, or local requirements. The plans 
should include design and construction protocols to meet the 
appropriate roadway standards and be no larger than necessary to 
accommodate their intended functions (e.g., traffic volume and weight 
of vehicles). Access roads should be located to avoid or minimize 
impacts to washes and stream crossings, follow natural contours and 
minimize side-hill cuts. Roads internal to a project site should be 
designed to minimize ground disturbance. Excessive grades on roads, 
road embankments, ditches, and drainages should be avoided, 
especially in areas with erodible soils.


n Prepare a Construction Traffic Control Plan and a Traffic Management 
Plan.


Because the authority to determine project-level impacts and require project-level 
mitigation lies with land use and/or permitting agencies for individual projects, and this 
programmatic level of review does not allow project-specific details of mitigation, there 
is inherent uncertainty in the degree of mitigation ultimately implemented to reduce the 
potentially significant impacts. 


Consequently, while impacts could be reduced to a less-than-significant level by land 
use and/or permitting agency conditions of approval, this EA takes the conservative 
approach in its post-mitigation significance conclusion and discloses, for CEQA 
compliance purposes, that short-term construction-related effects to transportation and 
traffic associated with the Proposed Program would be potentially significant and 
unavoidable.


Impact 17-2: Long-Term Operational-Related Effects to Transportation and Traffic


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
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decreasing rates of oil and gas extraction and gasoline refining activities133. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Implementation of the Proposed Program could require the operation of new 
infrastructure to distribute alternate fuels (such as electricity and hydrogen). 
Additionally, increased demand for lithium-ion storage batteries and fuel cells could 
result in an increase in lithium and platinum mining. As discussed in Impact 14-1, it is 
not anticipated that substantial amount of new personnel would be needed to operate 
new facilities because a sufficient employment base would be available, indicating that 
VMT associated with employees may not substantially increase depending on their 
location. Pursuant to SB 375, CARB established GHG reduction targets for metropolitan 
planning organizations that range from 13 to 19 percent by 2035. These are based on 
land use patterns and transportation systems specified in Regional Transportation Plans 
and Sustainable Community Strategies. Locations of facilities with newly installed 
infrastructure to distribute and dispense alternative fuels cannot currently be known; 
therefore, the total change in VMT cannot be assessed. Many activities, such as lithium 
battery manufacturing, recycling, and refurbishing, would take place at existing facilities; 
however, long-term operational-related activities associated with deliveries and 
distribution of goods (e.g., alternative fuels) could result in the addition of new trips, 
which could increase regional VMT to a potentially significant level. 


However, there are a number of transportation activities that would be reduced as 
gasoline fuel demand declines. Fuel delivery activities for conventional gasoline from 
on-road trucks to retail stations would decline. Additionally, rail activity for transporting 
ethanol used to blend into E10 gasoline at regional blending stations would be reduced. 
Further, rail and ocean tanker activity for transporting crude oil to refineries would 
decline.


As such, long-term operational-related effects to transportation and traffic would be 
potentially significant.


Potential long-term operational-related transportation and traffic impacts could be 
reduced to a less-than-significant level by mitigation that can and should be 
implemented by local lead agencies, but is beyond the authority of CARB and not within 
its purview.


Mitigation Measure 17-2 


The Regulatory Setting in Attachment A includes applicable laws and regulations 
regarding transportation. CARB does not have the authority to require implementation 
of mitigation related to increases in VMT; these must be addressed by local jurisdictions. 
The ability to require such measures is under the purview of jurisdictions with local or 


133 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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State land use approval and/or permitting authority. The jurisdiction with primary 
approval authority over a proposed action is the Lead Agency, which is required to 
review the proposed action for compliance with CEQA statutes. Recognized practices 
that are routinely required to avoid and/or minimize transportation impacts include:


· Identify and implement road and intersection design requirements or 
improvements for any project that would significantly impact the safety of roads 
and intersections. 


· Consult with and implement recommendations from local fire protection 
services regarding emergency access requirements. 


· Prepare transportation demand management (TDM) plans that prioritize and 
promote use of non-automobile forms of transportation to minimize significant 
increases in VMT. 


Because the authority to determine operational impacts and require operational 
mitigation lies with land use and/or permitting agencies for individual projects, and this 
programmatic level of review does not allow project-specific details of mitigation, there 
is inherent uncertainty in the degree of mitigation ultimately implemented to reduce the 
potentially significant impacts.


Consequently, while impacts could be reduced to a less-than-significant level by land 
use and/or permitting agency conditions of approval, this Draft EA takes the 
conservative approach in its post-mitigation significance conclusion and discloses, for 
CEQA compliance purposes, that long-term operational-related effects to 
transportation and traffic associated with the Proposed Program would be potentially 
significant and unavoidable.


18. Tribal Cultural Resources


Impact 18-1: Short-Term Construction-Related and Long-Term Operational Impacts 
on Tribal Cultural Resources


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
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decreasing rates of oil and gas extraction and gasoline refining activities134. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Tribal cultural resources include sites, features, places, cultural landscapes, sacred 
places, and objects with cultural value to a California Native American tribe. The 
Proposed Program could result in construction of manufacturing, production, and 
recycling facilities, as well as new infrastructure and increased mining activities, which 
would require ground disturbance. In general, construction and ground disturbance 
activities would occur in areas of compatible zoning (e.g., industrial). Regardless, there 
is a possibility that these activities may occur in or adjacent to a region consisting of 
known significant tribal cultural resources. As such, it is foreseeable that known or 
undocumented tribal cultural resources could be unearthed or otherwise discovered 
during ground-disturbing and construction activities.


Operation of facilities and infrastructure would not result in additional ground 
disturbance beyond that which occurred during construction and modification because 
operation activities would occur within the footprint of the constructed or modified 
facility. Therefore, most operational activities would not have the potential to affect 
tribal cultural resources. Presence of new facilities and infrastructure may, however, 
change the visual setting of the surrounding area, which could adversely affect trial 
cultural resources, as determined by a California Native American Tribe. As a result, 
operation impacts could be potentially significant. As a result, operation impacts could 
be potentially significant. 


Therefore, short-term construction-related and long-term operational-related impacts 
on tribal cultural resources associated with implementation of the Proposed Program 
would be potentially significant.


Mitigation Measure 18-1


The Regulatory Setting in Attachment A includes applicable laws and regulations that 
relate to tribal cultural resources. CARB does not have the authority to require 
implementation of mitigation related to new or modified facilities that would be 
approved by local jurisdictions. The ability to require such measures is under the purview 
of jurisdictions with local or State land use approval and/or permitting authority. New 
or modified facilities in California would qualify as a “project” under CEQA. The 
jurisdiction with primary approval authority over a proposed action is the Lead Agency, 
which is required to review the proposed action for compliance with CEQA statutes. 
Project specific impacts and mitigation would be identified during the environmental 
review by agencies with project-approval authority. Recognized practices routinely 
required to avoid and/or minimize impacts to tribal cultural resources include: 


134 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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· Proponents of construction activities implemented as a result of reasonably 
foreseeable compliance responses associated with the Proposed Program 
would coordinate with State or local land use agencies to seek entitlements 
for development including the completion of all necessary environmental 
review requirements (e.g., CEQA). The local or State land use agency or 
governing body must follow all applicable environmental regulations as part 
of approval of a project for development.


· Based on the results of the environmental review, proponents would 
implement all feasible mitigation to reduce or substantially lessen the 
potentially significant impacts on tribal cultural resources associated with the 
project. 


· Actions required to mitigate potentially significant tribal cultural resources 
impacts may include the following; however, any mitigation specifically 
required for a modified facility would be determined by the local lead agency. 


· Retain the services of tribal cultural resources specialists with training and 
background that conforms to the U.S. Secretary of Interior’s Professional 
Qualifications Standards, as published in Title 36, Code of Federal 
Regulations, part 61. 


· Seek guidance from the State and federal lead agencies, as appropriate, for 
coordination of Nation-to-Nation consultations with the Native American 
Tribes. 


· Follow notification procedures and conduct consultation as required with 
California Native American Tribes under Assembly Bill (AB) 52 (including 
Public Resources Code § 21080.3.1 and 21080.3.2.). Provide notice to Native 
American Tribes of project details to identify potential tribal cultural resources 
(TCRs). In the case that a TCR is identified, consistent with Public Resources 
Code § 21084.3(b), prepare mitigation measures that: 


n Avoid and preserve the resource in place. 
n Treat the resource with culturally appropriate dignity. 
n Employ permanent conservation easements. 
n Protect the resource. 


· Regulated entities shall consult with lead agencies early in the planning 
process to identify the potential presence of cultural properties. The agencies 
shall provide the project developers with specific instruction on policies for 
compliance with the various laws and regulations governing cultural resources 
management, including coordination with regulatory agencies and Native 
American Tribes. 


Because the authority to determine project-level impacts and require project-level 
mitigation lies with local land use and/or permitting agencies for individual projects, and 
because CARB lacks the authority to impose this project-level mitigation for individual 
projects, CARB finds it legally infeasible to enforce this measure. Moreover, due to the 
programmatic analysis of this EA, which does not allow for review of project-specific 
details of potential impacts and associated mitigation, there is inherent uncertainty in 
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the degree of mitigation that lead agencies may ultimately implement to reduce the 
potentially significant impacts if they approve these potential projects. 


Consequently, while impacts could likely be reduced to a less-than-significant level with 
mitigation measures imposed by the land use and/or permitting agencies acting as lead 
agencies for these individual projects under CEQA, if and when a project proponent 
seeks a permit for compliance-response related project, this Draft EA takes the 
conservative approach in its post-mitigation significance conclusion and discloses, for 
CEQA compliance purposes, that short-term construction-related and long-term 
operational impacts to tribal cultural resources associated with the Proposed Program 
would be potentially significant and unavoidable.


19. Utilities and Service Systems


Impact 19-1: Long-Term Operational-Related Impacts to Utilities and Service 
Systems


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
decreasing rates of oil and gas extraction and gasoline refining activities135. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


Reasonably foreseeable compliance responses to the Proposed Program could result in 
increased demand for lithium-ion and NiMH batteries for ZEV and PHEVs. As the vehicle 
fleet turns over to ZEVs and PHEVs, the disposal of vehicles outside of California may 
occur. Lithium-ion batteries may be recycled, and due to increasing demand for ZEV 
and PHEVs, rates of lithium-ion battery recycling have increased.136 In the U.S. overall, 
there are limited regulations for the disposal of lithium-ion batteries; however, due to 


135 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
136 United States Geological Survey, “Mineral Commodity Summaries, Lithium.”
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value of recovered metals (e.g., cobalt, nickel, lithium), there is incentive to collect and 
recycle batteries. According to current practice, typical recycling procedures (i.e., 
hydrometallurgical recovery, high-temperature or pyrometallurgical, and direct 
recycling) recover and average of approximately 99 percent of the materials, redirecting 
about 1 percent of waste to landfills.137


Currently, lead acid batteries comprise approximately 20 million of the registered 
vehicles in use within the state.138 Deployment of the Proposed Program may result in 
ZEV and PHEV turnover, which would spur the disposal of existing lead-acid batteries; 
however, ZEV and PHEVs would also include lead-acid batteries. Additionally, ZEV and 
PHEVs could include lead-acid batteries; however, use of ZEV and PHEVs would not 
drive additional lead-acid battery production above existing rates. Therefore, rates of 
disposal would not generate notable strain on existing manufacturing, disposal and 
recycling facilities such that additional adverse effects to utilities would occur. 


Reasonably foreseeable compliance responses associated with the Proposed Program 
could result in new demand for water, wastewater, electricity, and gas services for new 
or modified facilities. Generally, facilities would be cited in areas with existing utility 
infrastructure—or areas where existing utility infrastructure is easily assessable. New or 
modified utility installation, connections, and expansion would be subject to the 
requirements of the applicable utility providers. 


Any new or modified facilities, no matter their size and location would be required to seek 
local or State land use approvals prior to their development. In addition, part of the land 
use entitlement process for facilities proposed in California requires that each of these 
projects undergo environmental review consistent with the requirements of CEQA and 
the CEQA Guidelines. It is assumed that facilities proposed in other states would be 
subject to comparable federal, State, and/or local environmental review requirements 
(e.g., CEQA) and that the environmental review process would assess whether adequate 
utilities and services (i.e., wastewater services, water supply services, solid waste facilities) 
would be available and whether the project would result in the need to expand or 
construct new facilities to serve the project. Through the environmental review process, 
utility and service demands would be calculated; agencies would provide input on 
available service capacity and the potential need for service-related infrastructure 
including expansions to waste water treatment plants, new water supply entitlements and 
infrastructure, storm water infrastructure, and solid waste handling capacity (e.g., 
landfills). Resulting environmental impacts would also be determined through this 
process.


137 Sommerville, Roberto, Pengcheng Zhu, Mohammad Ali Rajaeifar, Oliver Heidrich, Vannessa 
Goodship, and Emma Kendrick. 2021. “A Qualitative Assessment of Lithium Ion Battery Recycling 
Processes.” Resources, Conservation & Recycling 165 (2021) 105219. October 28, 2020. 
https://doi.org/10.1016/j.resconrec.2020.105219. 


138 California Department of Resources Recycling and Recovery (CalRecycle). 2019. Lead-Acid 
Batteries—Hazards and Responsible Use. Publication #612-2000-0002. April 10, 2019. 
https://www2.calrecycle.ca.gov/Publications/Details/817. 



https://doi.org/10.1016/j.resconrec.2020.105219
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At this time, the specific location and type of construction needed is not known and 
would be dependent upon a variety of market factors that are not within the control of 
CARB including: economic costs, product demands, environmental constraints, and 
other market constraints. Thus, the specific impacts from construction on utility and 
service systems cannot be identified with any certainty, and individual compliance 
responses could potentially result in significant environmental impacts for which it is 
unknown whether mitigation would be available to reduce the impacts. 


Thus, long-term operational-related effects to utilities and services systems, associated 
with the Proposed Program would be potentially significant. 


Potential long-term operational-related utilities and service systems impacts could be 
reduced to a less-than-significant level by mitigation that can and should be 
implemented by local lead agencies, but is beyond the authority of CARB and not within 
its purview.


Mitigation Measure 19-1


The Regulatory Setting in Attachment A includes applicable laws and regulations that 
relate to utilities and service systems. CARB does not have the authority to require 
implementation of mitigation related to new or modified facilities that would be 
approved by local jurisdictions. The ability to require such measures is under the purview 
of jurisdictions with local or State land use approval and/or permitting authority. New 
or modified facilities in California would qualify as a “project” under CEQA. The 
jurisdiction with primary approval authority over a proposed action is the Lead Agency, 
which is required to review the proposed action for compliance with CEQA statutes. 
Project-specific impacts and mitigation measures would be identified during the 
environmental review by agencies with project-approval authority. Recognized practices 
that are routinely required to avoid and/or minimize utility and service-related impacts 
include:


· Proponents of new or modified facilities constructed because of reasonably 
foreseeable compliance responses would coordinate with local or State land 
use agencies to seek entitlements for development including the completion 
of all necessary environmental review requirements (e.g., CEQA). The local or 
State land use agency or governing body would certify that the environmental 
document was prepared in compliance with applicable regulations and would 
approve the project for development.


· Based on the results of the environmental review, proponents would 
implement all mitigation identified in the environmental document to reduce 
or substantially lessen potentially significant impacts on utilities and service 
systems. The definition of actions required to mitigate potentially significant 
utility or service-related impacts may include the following; however, any 
mitigation specifically required for a new or modified facility would be 
determined by the local lead agency.
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n Comply with local plans and policies regarding the provision of water 
supply, wastewater treatment, and storm water drainage utilities, and 
solid waste services.


n Where an on-site wastewater system is proposed, submit a permit 
application to the appropriate local jurisdiction.


n Where appropriate, prepare a Water Supply Assessment (WSA) 
consistent with the requirements of § 21151.9 of the Public Resources 
Code and § 10910 et seq. of the Water Code. The WSA would be 
approved by the local water agency/purveyor prior to construction of 
the project.


n Comply with local plans and policies regarding the provision of 
wastewater treatment services.


Because the authority to determine project-level impacts and require project-level 
mitigation lies with land use and/or permitting agencies for individual projects, and this 
programmatic level of review does not allow project-specific details of mitigation, there 
is inherent uncertainty in the degree of mitigation ultimately implemented to reduce the 
potentially significant impacts. 


Consequently, while impacts could be reduced to a less-than-significant level by land 
use and/or permitting agency conditions of approval, this EA takes the conservative 
approach in its post-mitigation significance conclusion and discloses, for CEQA 
compliance purposes, long-term operational-related effect to utilities and service 
systems associated with the Proposed Program would be potentially significant and 
unavoidable.


20. Wildfire


Impact 20-1: Short-Term Construction-Related and Long-Term Operational-Related 
Effects on Wildfire


Implementation of the Proposed Program would result in an increase in manufacturing 
of ZEVs and PHEVs, along with a corresponding decrease in the manufacturing and 
deployment of gasoline fueled vehicles. Manufacturing needs for new vehicles would 
largely be met by existing facilities, and no new infrastructure or plants would be 
required for vehicle manufacturing. Fleet turnover would be largely unaffected because 
the proposed sales requirement applies at time of new vehicle sales. This increase in 
ZEV and PHEV volumes would result in associated increases in lithium, nickel, cobalt, 
and possibly platinum mining and exports from source countries or other states. 
Increased demand for lithium-ion batteries could increase battery production and 
manufacture, which could result in the expansion of or construction of new battery 
facilities. Implementation of the Proposed Program would also result in the construction 
of new hydrogen fueling stations and electric vehicle charging stations to support ZEV 
operations. Likewise, increased deployment of ZEVs would result in an increase in 
production and distribution of electricity and hydrogen fuel, while potentially 
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decreasing rates of oil and gas extraction and gasoline refining activities139. The 
Proposed Program would also result in the disposal of lithium-ion batteries that induce 
increased demand of refurbishing, reusing, and recycling of batteries and fuel cells, new 
facilities may be constructed or modifications to existing facilities may occur.


In the event of an emergency, such as a wildfire, evacuation coordination is dealt with 
at various levels of government through State, federal, or local agencies as appropriate. 
The California Department of Forestry and Fire Protection (CAL FIRE) is responsible for 
coordinating wildfire response and protection within State Responsibility Areas. CAL 
FIRE does not have responsibility for fire response in Local Responsibility Areas or 
Federal Responsibility Areas, which are defined based on land ownership, population 
density, and land use. These areas include densely populated areas, such as cities and 
towns; agricultural lands; and lands administered by the federal government. In densely 
populated areas, local fire departments respond to fires and emergencies. Fire response 
on federal lands is coordinated by the appropriate federal agency. For example, on 
National Forest System lands, the U.S. Forest Service coordinates fire response; on 
lands administered by the federal BLM, the BLM coordinates fire response. 


Facilities and associated infrastructure, such as facilities for the use of alternative and 
hydrogen fuels, would be constructed and operated within response areas for various 
jurisdictions and would be dealt with in the same manner as existing infrastructure. 
Construction and operation activities as well as new or modified facilities would likely 
occur within footprints of existing manufacturing facilities, or in areas with appropriate 
zoning that permit such uses and activities; therefore, changes or modifications to 
existing fire response and evacuation plans would not be necessary. Likewise, the 
increase in use at battery or fuel cell manufacturing, refurbishing, and recycling facilities 
would occur at existing facilities that are already under an assigned jurisdiction for fire 
safety. As discussed under Impact 14-1, compliance responses implemented under the 
Proposed Program would not create growth substantial enough to impede emergency 
response or affect evacuation route capacity.


Overhead powerlines associated with new infrastructure, including those lines built to 
support increased energy demand to accommodate increased reliance on the electrical 
grid, could increase the risk of wildfire ignition; however, new safety initiatives, 
development standards, and regulatory oversight for electric utilities have been 
implemented in response to numerous devastating wildfires in California in recent years. 
These efforts aim to reduce the risk of wildfire ignition associated with such facilities and 
include implementation of wildfire mitigation plans, collaboration between utilities and 
CAL FIRE, and retention by CPUC of independent evaluators that can assess the safety 
of electrical infrastructure. Additionally, new facilities would be subject to the applicable 
chapters of the California Fire Code and any additional local provisions identified in local 
fire safety codes. These factors—adherence to local plans, policies, codes, and 
ordinances; adherence to the California Fire Code and the provisions of wildfire 


139 As noted earlier, grid demand response strategies and rate price signals can mitigate some of the 
new electricity generation needed to serve increased demand for plug-in electric vehicles.
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prevention plans; and oversight by CPUC—would substantially reduce the risk of wildfire 
ignitions caused by infrastructure development. 


As discussed above in Impact 9-2, lithium-ion batteries can rarely cause fires due to 
vehicular accidents. These explosions could be a source of ignition for wildland fires. 
The likelihood to overheat or ignite is increased if the batteries are poorly packaged, 
damaged or exposed to a fire or a heat source. However, when packaged and handled 
properly, lithium-ion batteries pose no environmental hazard (79 Fed. Reg. 46011, 
46032). Additionally, the risk of explosion from gasoline-powered vehicles is much 
greater than that of ZEVs. As the Proposed Program would transition the mobile-source 
sectors to ZEVs and PHEVs, wildfire risk from ICEV explosion would be reduced. Thus, 
the increased use of lithium-based batteries in vehicles would not substantially increase 
the risk of wildland fire.


Thus, implementation of the Proposed Program would have a less than significant 
short-term construction-related and long-term operational impact on wildfire. 
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5.0  CUMULATIVE AND GROWTH-INDUCING IMPACTS


A. Approach to Cumulative Analysis


This section satisfies requirements of CEQA to discuss how the project being analyzed 
would contribute to cumulative impacts. CARB’s certified regulatory program (Title 17 
CCR §§ 60000–60008) does not provide specific direction on a cumulative impacts 
analysis, and while CARB is exempt from Chapters 3 and 4 of CEQA and corresponding 
sections of the CEQA Guidelines by virtue of its certified program, the Guidelines 
nevertheless contain useful guidance for preparation of a thorough and meaningful 
cumulative analysis. The CEQA Guidelines require a lead agency to discuss a cumulative 
impact if the project’s incremental effect combined with the effects of other projects is 
“cumulatively considerable” (CEQA Guidelines § 15130(a)). The discussion of cumulative 
impacts need not provide as much detail as the discussion of effects attributable to the 
project alone (CEQA Guidelines § 15130). Where a lead agency is examining a project 
with an incremental effect that is not “cumulatively considerable,” a lead agency need 
not consider that effect significant but must briefly describe its basis for concluding that 
the incremental effect is not cumulatively considerable.


In considering cumulative impacts, an agency may choose from two approaches: it can 
prepare a list of past, present, and probable future projects that will produce related or 
cumulative impacts; or, it can rely on a summary of projections contained in an adopted 
planning document or an adopted or certified environmental document for the planning 
document (CEQA Guidelines § 15130(b)). Further, the CEQA Guidelines state that the 
pertinent discussion of cumulative impacts contained in one or more previously certified 
EIRs may be incorporated by reference pursuant to provisions for tiering and program 
EIRs, and that no future cumulative analysis is required when the lead agency determines 
the regional and area wide impacts have already been addressed in the prior certified 
EIR for that plan (CEQA Guidelines § 15130).


The CEQA Guidelines state that a previously approved plan for the reduction of criteria 
and other air pollutant emissions may be used in cumulative impacts analysis; that the 
pertinent discussion of cumulative impacts contained in one or more previously certified 
EIRs may be incorporated by reference (Title 14 CCR § 15130(d)). Furthermore, no 
further cumulative impacts analysis is required when a project is consistent with a 
general, specific, master or comparable programmatic plan where the lead agency 
determines that the regional or area wide cumulative impacts of the proposed project 
have already been adequately addressed, as defined in section 15152(f), in a certified 
EIR for that plan (14 CCR § 15130(d)). CEQA further directs that a tiered EIR focus on 
significant environmental effects that were not already analyzed in the previous 
environmental analysis. (PRC §§ 21068.5; 21093; see also 21094(c).)


Because of the statewide reach of Proposed Program and the longer-term future 
horizon for achievement of emission reductions, the impact analyses for the resource 
topics in Chapter 4 are programmatic, rather than site or project specific, to address the 
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statewide context. The document contains a description and analysis of a series of 
actions that are part of one large program. Recommended mitigation measures in 
Chapter 4 provide a series of generally recognized methods to reduce potentially 
significant impacts, but cannot offer details related to specific project locations. As a 
result, the impact conclusions and mitigation measures in the resource-oriented sections 
of Chapter 4 are cumulative by nature, because they describe the potential impacts 
associated collectively with the full range of reasonably foreseeable compliance 
responses. 


Additional community-level strategies to reduce emissions and exposure, beyond the 
existing efforts, focuses on amending current State measures and implementing new 
State measures. For purposes of disclosure and broad consideration of the potential 
actions that address air quality, the California Air Resources Board (CARB or Board) has 
identified relevant projects that would result in related impacts. Related projects consist 
of the 2030 California Climate Change Scoping Plan (2030 Scoping Plan) and the 2016 
State Strategy for the State Implementation Plan (2016 State SIP Strategy), both of 
which contain measures that reduce air pollutant and greenhouse gas (GHG) emissions 
and exposure within communities across the State.


Like the analysis presented in Chapter 4 of this Draft EA, the cumulative impacts analysis 
is described at a necessarily general level of detail, because information related to 
specific actions is not known at this time. This approach to a cumulative impacts analysis 
is “guided by the standards of practicality and reasonableness” (14 California Code of 
Regulations (CCR) § 15130 (b)) and serves the purpose of providing “a context for 
considering whether the incremental effects of the project at issue are considerable” 
when judged “against the backdrop of the environmental effects of other projects.” 
(San Joaquin Raptor/Wildlife Rescue Ctr. v. Cty. of Stanislaus (1996) 42 Cal.App.4th 608, 
623-624, citing 1 Kostka & Zischke, Practice Under the Cal. Environmental Quality Act 
(Cont.Ed.Bar 1995) § 6.55, pp. 298-299.) .)


B. Significance Determinations and Mitigation 


Implementing the Proposed Program may have cumulatively considerable contributions 
to significant cumulative impacts in some resource areas, discussed in greater detail 
below. These contributions can be mitigated but doing so is under the authority of other 
agencies. Thus, it is uncertain whether that mitigation will occur. This means the 
significant impacts may not be avoided or made insignificant, and so the Draft EA 
recognizes the impacts as significant and unavoidable. The Board will need to adopt 
Findings and a Statement of Overriding Considerations for such impacts.


C. Projects Resulting in Related Effects


CEQA Guidelines (14 CCR § 15000 et. seq.) state that a previously approved plan may 
be used in cumulative impacts analysis; the pertinent discussion of cumulative impacts 
contained in one or more previously certified EIR(s) may be incorporated by reference; 
and in certain circumstances, no further cumulative impact analysis is required for a 
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project that is consistent with a plan that has a certified EIR (14 CCR § 15130 (d)). The 
related plans and programs considered for cumulative impacts of the Proposed Program 
include the 2016 State SIP Strategy and the 2030 Scoping Plan. 


CEQA Guidelines allow for incorporating by reference all or portions of other 
documents. Incorporation by reference is useful for including long, descriptive, or 
technical materials that provide general background but do not contribute directly to 
the pertinent analysis (14 CCR § 15150). Therefore, the following documents for 
comprehensive programs that encompass the goals of the proposed project are 
incorporated by reference. 


· Final EA for the 2030 Target Scoping Plan Update (CARB 2017b) 
· Final EA for the State SIP Strategy (CARB 2017a)


The portions of these documents relevant to this discussion are summarized below and 
within the respective resource area analyses. These documents are available upon 
request from CARB. Notably, CARB is in the process of updating these documents (i.e., 
2022 SIP Strategy and 2022 Scoping Plan Update), which are expected to be adopted 
midway through 2022. However, at the time of preparing this Draft EA, these 
documents have not yet been adopted. It is expected that the environmental impacts 
identified in the previous 2030 Scoping Plan and 2016 State SIP Strategy would be 
similar to those identified for the 2022 SIP Strategy and 2022 Scoping Plan Update. 


1. 2030 Target Scoping Plan Update


Assembly Bill (AB) 32 requires CARB to update the State’s Scoping Plan for achieving 
the maximum technologically feasible and cost-effective reductions of GHG emissions 
at least once every five years. (Health and Safety Code § 38561 (h).) The Scoping Plan 
was first approved by the Board in 2008 and was re-approved in 2011. The First Update 
to the Climate Change Scoping Plan (First Update) was approved by the Board in 2014. 


In April 2015, Governor Brown issued Executive Order B-30-15 to establish a California 
GHG reduction target of 40 percent below 1990 levels by 2030. In doing so, the 
Governor called on California to pursue a new and ambitious set of strategies, in line 
with the five climate change pillars from his inaugural address, to reduce GHG emissions, 
and prepare for the unavoidable impacts of climate change. To develop a clear plan of 
action to achieve the State’s goals, the Executive Order called on CARB to update the 
AB 32 Climate Change Scoping Plan to incorporate the 2030 target. In the summer of 
2016, the Legislature affirmed the importance of addressing climate change through 
passage of Senate Bill (SB) 32 (Pavley, Chapter 249, Statutes of 2016), which codified 
into statute the 2030 reduction target of 40 percent below 1990 levels by 2030 
contained in the Governor’s Executive Order. The update to the AB 32 Climate Change 
Scoping Plan to reflect the 2030 target serves as the framework to define the State’s 
climate change priorities to 2030 and beyond. California’s 2017 Climate Change 
Scoping Plan, reflecting the 2030 target, was adopted in December 2017.
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Implementation of the measures to achieve the 2030 target in the Scoping Plan would 
result in two main types of reasonably foreseeable compliance responses: 1) 
construction of, or modifications to buildings, infrastructure, and industrial facilities; and, 
2) new operations or changes to existing operational processes. These compliance 
responses are discussed in more detail below.


2. Construction of, or Modifications to, Buildings, Infrastructure, and 
Industrial Facilities


Implementation of the Scoping Plan would result in various construction projects. These 
projects would include infrastructure projects, such as natural gas and hydrogen 
refueling stations; collection, processing, and distribution of biomethane; wind, solar 
thermal, solar photovoltaic, geothermal, solid-fuel biomass, biogas, and small 
hydroelectric to generate electricity (i.e., renewable energy projects); collection of 
natural gas from landfills, dairies, and wastewater treatment plants; modifications to 
crude production facilities (onsite solar, wind, heat, and/or steam generation electricity); 
organic material composting and/or digesting facilities that would convert organic 
wastes diverted from landfills (e.g., yard waste, green wastes, food); vehicle fueling (e.g. 
renewable natural gas); vehicle charging stations; and upgraded and new transmission 
lines. Modifications may also be necessary at: industrial sources in compliance with the 
Cap-and-Trade Program; roadways and urban areas to reduce overall vehicle miles 
traveled (VMT); and oil and gas facilities (which may include modifications to existing 
facilities, pipeline replacement or reconstruction activities, inspection and monitoring, 
and disposal of methane vapors). In addition, manufacturing facilities may be necessary 
to produce lithium-ion batteries. Large-scale energy storage systems would also be 
installed throughout California, which would reduce energy production demands.


Construction activities could require disturbance of undeveloped area, such as clearing 
of vegetation, earth movement and grading, trenching for utility lines, erection of new 
buildings, and paving of parking lots, delivery areas, and roadways. Demolition of 
existing structures may also occur before the construction of new buildings and 
structures. Construction activities can be short-term and long-term. That is, after 
construction of a building is completed, it will stay on a project site until demolished or 
otherwise removed.


a) New Operations and Changes to Existing Operational 
Processes


Under the Scoping Plan there would be various methods to reduce GHG emissions that 
would result in new operations or changes to existing operational processes. New 
operations could include increased mining for lithium and increased recycling or 
refurbishment of batteries for on-road light-duty and heavy-duty vehicles. New 
operations would also include changes to methods of manure management at dairies, 
alterations to crop cultivation to meet feedstock demands related to fuels regulations, 
and improvements to transportation systems to reduce reliance on personal vehicles. In 
addition, offset protocols related to the Cap-and Trade Program would alter activities 
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at mines, agricultural operations, landfills, and U.S. forests. Linkage to Ontario and 
extension of the Cap-and-Trade Program could increase demand for offsets and 
increased compliance response activities for covered entities in Canada and the U.S. 
New operations and changes to existing operational processes are considered to occur 
over a long period of time (i.e., for the foreseeable future). 


Potential environmental impacts associated with the Scoping Plan are summarized 
below in Table 18.


Table 18: Summary of Environmental Impacts for the Scoping Plan


Resource Areas and Impact Categories
Significance 


Determination


Aesthetics


Impact 1-1: Short-Term Construction-Related Impacts PSU


Impact 1-2: Long-Term Operational-Related Impacts PSU


Agriculture and Forest Resources


Impact 2-1: Short-Term Construction-Related Impacts PSU


Impact 2-1: Long-Term Operational-Related Impacts PSU


Air Quality


Impact 3-1: Short-Term Construction-Related Impacts PSU


Impact 3-2: Long-Term Operational-Related Impacts LTS


Impact 3-3: Short-Term, Construction-Related and Long-
Term Operational-Related Odors Impacts


PSU


Biological Resources


Impact 4-1: Short-Term Construction-Related Impacts PSU


Impact 4-2: Long-Term Operational-Related Impacts PSU


Cultural Resources


Impact 5-1: Short-Term Construction-Related and Long-
Term Operational-Related Impacts


PSU


Energy Demand


Impact 6-1: Short-Term Construction-Related Impacts LTS


Impact 6-2: Long-Term Operational-Related Impacts B


Geology and Soils


Impact 7-1: Short-Term Construction-Related Impacts PSU


Impact 7-2: Long-Term Operational-Related Impacts PSU
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Resource Areas and Impact Categories Significance 
Determination


Greenhouse Gas


Impact 8-1: Short-Term Construction-Related and Long-
Term Operational-Related Impacts


B


Hazards and Hazardous Materials


Impact 9-1: Short-Term Construction-Related Impacts PSU


Impact 9-2: Long-Term Operational-Related Impacts PSU


Hydrology and Water Quality


Impact 10-1: Short-Term Construction-Related Impacts PSU


Impact 10-2: Long-Term Operational-Related Impacts PSU


Land Use Planning


Impact 11-1: Short-Term Construction-Related Impacts LTS


Impact 11-2: Long-Term Operational-Related Impacts PSU


Mineral Resources


Impact 12-1: Short-Term Construction-Related Impacts LTS


Impact 12-2: Long-Term Operational-Related Impacts LTS


Noise


Impact 13-1: Short-Term Construction-Related Impacts PSU


Impact 13-2: Long-Term Operational-Related Impacts PSU


Population and Housing


Impact 14-1: Short-Term Construction-Related Impacts LTS


Impact 14-2: Long-Term Operational-Related Impacts LTS


Public Services


Impact 15-1: Short-Term Construction-Related Impacts LTS


Impact 15-2: Long-Term Operational-Related Impacts LTS


Recreation


Impact 16-1: Short-Term Construction-Related Impacts LTS


Impact 16-2: Long-Term Operational-Related Impacts PSU


Transportation/Traffic


Impact 17-1: Short-Term Construction-Related Impacts PSU


Impact 17-2: Long-Term Operational-Related Impacts PSU


Utilities and Service Systems


Impact 18-1: Long-Term Operational-Related Impacts PSU
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Notes:
B = Beneficial; LTS = Less Than Significant; NA = Not Applicable; PSU = Potentially 
Significant and Unavoidable
Source: CARB 2017b.


3. State SIP Strategy


Under the federal Clean Air Act (CAA), CARB and local air districts are responsible for 
developing and submitting to the U.S. Environmental Protection Agency (U.S. EPA) 
clean air plans, known as SIPs. (See CAA, § 110; 42 U.S.C. § 7410.) SIPs are 
comprehensive plans that demonstrate how and when nonattainment areas within 
California would reach attainment of air quality standards. SIPs must identify both the 
magnitude of emission reductions needed and the actions necessary to achieve those 
reductions by the required attainment deadline. 


Developing the SIPs is an immediate focus of CARB’s planning efforts, with regional 
plans periodically due to U.S. EPA. The most recent SIP (2016 SIP) was due to U.S. EPA 
for ozone nonattainment in July 2016 and fine particulate matter (PM2.5) nonattainment 
areas in October 2016. CARB noted that substantial emission reductions beyond those 
being achieved with current programs were needed to meet these standards. In 
addition to the most recent air quality standards, the South Coast and San Joaquin 
Valley must also continue to progress towards attaining earlier standards, which they 
have not yet achieved, including the 8-hour ozone standard of 80 parts per billion (ppb), 
and the 24-hour PM2.5 standard of 35 micrograms per cubic meter. CARB released the 
draft State SIP Strategy and Draft EA for public review on May 17, 2016. The public 
comment period for the draft State SIP Strategy and Draft EA was from May 17, 2016 
through July 18, 2016. CARB prepared written responses to comments received on the 
Draft EA and made revisions as necessary. On March 7, 2017, CARB released the 
Revised Proposed 2016 State SIP Strategy and in March 2017, the Board adopted the 
State SIP Strategy. As such, reasonably foreseeable future projects under the 2016 SIP 
Strategy will be used in relation to the Proposed Program.


CARB is currently in the process of updating the 2016 SIP Strategy with the 2022 State 
SIP Strategy. CARB has hosted several public workshops to gain insight from the public 
and stakeholders. The 2022 State SIP Strategy will address U.S. EPA’s recently 
strengthened 8-hour ozone standard of 70 ppb. Nineteen areas in California were 
designated nonattainment in 2018. CARB will be considering regional SIPs for this 
standard in 2022. The 2022 State SIP Strategy will include measures and commitments 
to reduce emissions from State-regulated sources to support attainment of the 70 ppb 
standard in all nonattainment areas across California. At the time of authoring this Draft 
EA, CARB has not adopted the 2022 State SIP Strategy, therefore, the 2016 State SIP 
Strategy and its accompanying EA will be used in this analysis.


Notably, the ACC II (Proposed Program) would be included as a regulatory component 
of the 2022 State SIP Strategy as a mechanism to reduce criteria air pollutants from the 
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mobile source sector. The Proposed Program would be a necessary program in the 2022 
State SIP Strategy to attain the NAAQS for ozone and PM2.5. 


Reasonably foreseeable compliance responses associated with the 2016 State SIP 
Strategy include construction and operation of new manufacturing facilities to support 
increased market penetration of plug-in hybrid electric vehicles (PHEV), non-combustion 
zero emission vehicles (ZEV) including battery electric vehicles (BEVs) and hydrogen fuel 
cell electric vehicles (FCEV) zero-emission technologies, and electric-powered 
equipment (e.g., forklifts). Increased use of ZEV and PHEVs may result in increased 
infrastructure for natural gas and hydrogen refueling and charging stations, and 
increased demand for lithium-ion battery manufacturing and associated increases in 
lithium mining and exports. New testing centers to monitor vehicle emissions may be 
constructed throughout the state. In addition, increased low-emission diesel (LED) 
demand may increase cultivation or imports of LED feedstocks, processing of LED fuels, 
and shipment of finished LED fuels and/or their feedstocks. Infrastructure to support 
collection, processing, and distribution of LED fuels and feedstock may also increase.


Potential environmental impacts associated with the 2016 State SIP Strategy are 
summarized below in Table 19.


Table 19: Summary of Environmental Impacts for the 2016 State SIP Strategy
Resource Area Impact


Significance Before Mitigation
Significance 


After Mitigation


Aesthetics


Impact 1-1: Short-Term Construction-Related and Long-Term 
Operational Impacts on Aesthetics


PSU


Agriculture Resources


Impact 2-1: Short-Term Construction-Related and Long-Term 
Operational-Related Effects to Agricultural and Forest Resources


PSU


Air Quality


Impact 3-1: Short-Term Construction-Related Effects to Air Quality PSU


Impact 3-2: Long-Term Operational-Related Effects to Air Quality B


Biological Resources


Impact 4-1: Short-Term Construction-Related Effects to Biological 
Resources 


PSU


Impact 4-2: Long-Term Operational-Related Effects to Biological 
Resources


PSU


Cultural Resources


Impact 5-1: Short-Term Construction-Related and Long-Term 
Operational Effects to Cultural Resources


PSU
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Resource Area Impact
Significance Before Mitigation


Significance 
After Mitigation


Energy Demand


Impact 6-1: Short Term Construction-Related Impacts on Energy 
Demand


LTS


Impact 6-2: Long-Term Operational Impacts on Energy Demand B


Geology, Soils and Minerals


Impact 7-1: Short-Term Construction-Related and Long-Term 
Operational Effects on Geology, Seismicity, and Soils 


PSU


Greenhouse Gas Emissions


Impact 8-1: Short-Term Construction-Related and Long-Term 
Operational Greenhouse Gas Impacts


B


Hazards and Hazardous Materials


Impact 9-1: Short-Term Construction-Related Hazard Impacts PSU


Impact 9-2: Long-Term Increased Transport, Use, and Disposal of 
Hazardous Materials 


LTS


Hydrology and Water Quality


Impact 10-1: Short-Term Construction-Related Hydrologic Resource 
Impacts 


PSU


Impact 10-2: Long-Term Effects on Hydrology and Water Quality 
Related to Changes in Land Use


PSU


Land Use and Planning


Short-Term Construction-Related and Long-Term Operational 
Impacts on Land Use and Planning 


LTS


Mineral Resources


Impact 12-1: Short-Term Construction-Related Impacts on Mineral 
Resource 


LTS


Impact 12-2: Long-Term Operational Impacts on Mineral Resources LTS


Noise


Impact 13-1: Short-Term Construction-Related Noise Impacts PSU


Impact 13-2: Long-Term Operational Noise Impacts PSU


Impact 14-1: Short-Term Construction-Related and Long-Term 
Operational-Related Effects to Population and Housing


LTS


Impact 15-1: Short-Term Construction-Related and Long-Term 
Operational-Related Effects to Public Services


LTS
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Resource Area Impact
Significance Before Mitigation


Significance 
After Mitigation


Impact 16-1: Short-Term Construction-Related and Long-Term 
Operational-Related Effects to Recreation


LTS


Transportation and Traffic


Impact 17-1: Short-Term Construction-Related Impacts on Traffic and 
Transportation 


PSU


Impact 17-2: Long-Term Operational Impacts on Traffic and 
Transportation 


PSU


Utilities and Service Systems


Impact 18-1: Short-Term Construction Related and Long-Term 
Operational Impacts on Utilities and Service Systems 


PSU


Notes: B = beneficial, LTS = less-than-significant, PSU = potentially significant and 
unavoidable after mitigation
Source: CARB 2017a.


D. Cumulative Impacts by Resource Area


1. Aesthetics


Implementation of the reasonably foreseeable compliance responses associated with 
the Proposed Program could result in a significant impact to aesthetics from 
development of new facilities for the manufacture of ZEV and PHEV-related equipment, 
development of infrastructure, and increased mineral mining, including lithium. The 
exact location or character of these new facilities or modification of existing facilities is 
uncertain. However, new facilities could degrade scenic vistas or views from a State 
scenic highway due to the presence of heavy-duty equipment, glare, lighting, or 
disturbed earth. In addition, facility operation may introduce substantial sources of 
glare, exhaust plumes, and nighttime lighting for safety and security purposes. 
Increased lithium mining could result in harmful visual changes to the natural 
environment such as hillside erosion, contamination of surface waters, artificial drainage 
patterns, subsidence, night-time lighting, and deforestation.


These compliance responses could result in significant and unavoidable aesthetics 
impacts. Implementation of the Scoping Plan and State SIP Strategy would include the 
reasonably foreseeable compliance responses described above under Section 5.C. As 
summarized in Table 6, the Scoping Plan and State SIP Strategy environmental 
documents identified potentially significant and unavoidable impacts on aesthetics due 
to construction and operation of individual projects. Thus, implementation of these 
programs could result in a significant cumulative effect.


The Proposed Program’s impacts to aesthetics would be significant and unavoidable on 
their own, as concluded in Chapter 4. Because the Proposed Program on its own would 
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result in a significant and unavoidable impact, the project’s contribution to the 
significant cumulative impact would also be cumulatively considerable. Implementation 
of the project-level mitigation identified in Chapter 4 could likely effectively reduce the 
incremental contribution from the Proposed Project to a less-than-considerable level, 
but authority to require that mitigation will rest with other agencies that will be 
authorizing site-specific projects, and not with CARB. Thus, as noted in Chapter 4, 
CARB’s enforcement of project-level mitigation is legally infeasible. Therefore, the 
Proposed Program could result in a cumulatively considerable contribution to a 
significant cumulative impact on aesthetics. 


2. Agriculture and Forestry Resources


Implementation of the reasonably foreseeable compliance responses for the various 
measures, which includes the Proposed Program, could result in a significant impact to 
agriculture and forestry resources from construction and operational activities 
associated with new or modified facilities or infrastructure and increased lithium mining. 
The exact location or character of these new facilities or modification of existing facilities 
is uncertain. However, new facilities could be located on important farmland (i.e., Prime 
Farmland, Farmland of Statewide Importance Unique Farmland, and Farmland of Local 
Importance as defined by the Farmland Mapping and Monitoring Program), forest land, 
or timberland. Land use policies could generally avoid conversion of agricultural and 
forest lands, but the potential remains for conversion. Lithium extraction from brines 
occurs in desert areas that are generally not valuable for agriculture or forestry, but hard 
rock mining could result in the loss of agricultural or forest lands. 


The Proposed Program’s impacts to agriculture and forestry resources would be 
significant and unavoidable on their own, as concluded in Chapter 4. These impacts 
would be significant because of the potential for land conversion to non-agricultural and 
non-forest uses. Because the Proposed Program on their own would result in a 
significant and unavoidable impact, the project’s contribution to the significant 
cumulative impact would also be cumulatively considerable. Implementation of the 
project-level mitigation identified in Chapter 4 could likely effectively reduce the 
incremental contribution from the Proposed Project to a less-than-considerable level, 
but authority to require that mitigation will rest with other agencies that will be 
authorizing site-specific projects, and not with CARB. Thus, as noted in Chapter 4, 
CARB’s implementation and enforcement of project-level mitigation is legally infeasible. 
Therefore, the Proposed Program could result in a cumulatively considerable 
contribution to a significant cumulative impact on agriculture and forestry resources. 


3. Air Quality


Implementation of the reasonably foreseeable compliance responses for the various 
measures under the Proposed Program could require construction activities that would 
generate emissions of criteria air pollutants and toxic air contaminants (TACs). Emissions 
from construction activities could occur from grading and site preparation, use of heavy-
duty equipment, and construction worker commute trips. The exact location and state 
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of ambient air quality where construction activities may take place is uncertain. The 
Proposed Program’s contribution to adverse air quality effects would be significant. The 
Proposed Program’s contribution to adverse effects to air quality would also be 
cumulative considerable when combined with other construction-related activities 
occurring within the state. Implementation of the project-level mitigation identified in 
Chapter 4 could effectively reduce the incremental contribution from the Proposed 
Program to a less-than-considerable level, but authority to require that mitigation will 
rest with other agencies that will be authorizing site-specific projects, and not with 
CARB. Thus, as noted in Chapter 4, CARB’s implementation and enforcement of project-
level mitigation is legally infeasible. Therefore, the Proposed Program could result in a 
cumulatively considerable contribution to a significant cumulative impact on air 
quality during construction.


However, these emissions would be greatly offset by the beneficial air quality impacts 
that would be realized under the Proposed Program. 


The Proposed Program’s long-term operational impacts to air quality would be 
beneficial on their own, as discussed in Chapter 4 of this EA. These impacts would be 
beneficial through the electrification of the on-road transportation sector resulting in a 
decrease in gasoline and diesel fuel combustion, which contributes greatly to the 
degradation of air quality in the state. Unlike other resource area, CARB can directly 
influence the composition of vehicles and emissions standards for the on-road mobile 
source sector, therefore, the beneficial long-term air quality effects would likely be 
realized. The Proposed Program would assist the state in meeting the NAAQS and 
CAAQS. This indicates that the Proposed Program would not present a cumulatively 
considerable contribution to a significant cumulative impact on air quality. 


4. Biological Resources


Implementation of the reasonably foreseeable compliance responses for the various 
measures, which includes the Proposed Program, could require construction and 
operational activities associated with new or modified facilities or infrastructure and 
increased mining activities. The exact location of these new facilities or the modification 
of existing facilities is uncertain. Construction could require disturbance of undeveloped 
area, such as clearing of vegetation, earth movement and grading, trenching for utility 
lines, erection of new buildings, and paving of parking lots, delivery areas, and 
roadways. These activities would have the potential to adversely affect biological 
resources (e.g., species, habitat) that may reside or be present in those areas. Because 
there are biological species that occur, or even thrive, in developed settings, resources 
could also be adversely affected by construction and operations within disturbed areas 
at existing manufacturing facilities or at other sites in areas with zoning that would 
permit the development of manufacturing or industrial uses.


The Proposed Program’s impacts to biological resources would be significant and 
unavoidable on their own, as concluded in Chapter 4. These impacts would be 
significant because of effects on habitat, special-status species, wildlife movement, and 
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other aspects. Because the Proposed Program on their own would result in a significant 
and unavoidable impact, the project’s contribution to the significant cumulative impact 
would also be cumulatively considerable. Implementation of the project-level mitigation 
identified in Chapter 4 could likely effectively reduce the incremental contribution from 
the Proposed Project to a less-than-considerable level, but authority to require that 
mitigation will rest with other agencies that will be authorizing site-specific projects, and 
not with CARB. Thus, as noted in Chapter 4, CARB’s implementation and enforcement 
of project-level mitigation is legally infeasible. Therefore, the Proposed Program could 
result in a cumulatively considerable contribution to a significant cumulative impact 
on biological resources. 


5. Cultural Resources


Implementation of the reasonably foreseeable compliance responses associated with 
the Proposed Program could require construction and operational activities associated 
with new or modified facilities or infrastructure and increased mining activities. The 
exact location of these new facilities or the modification of existing facilities is uncertain. 
Construction activities could require disturbance of undeveloped area, such as clearing 
of vegetation, earth movement and grading, trenching for utility lines, erection of new 
buildings, and paving of parking lots, delivery areas, and roadways. Demolition of 
existing structures may also occur before the construction of new buildings and 
structures. The cultural resources that could potentially be affected by ground 
disturbance activities could include, but are not limited to, prehistoric and historical 
archaeological sites, paleontological resources, historic buildings, structures, or 
archaeological sites associated with agriculture and mining, and heritage landscapes. 
Properties important to Native American communities and other ethnic groups, 
including tangible properties possessing intangible traditional cultural values, also may 
exist. Historic buildings and structures may also be adversely affected by demolition-
related activities. 


The Proposed Program’s impacts to cultural resources would be significant and 
unavoidable on their own, as concluded in Chapter 4. These impacts would be 
significant because of the potential to damage and destroy cultural, prehistoric, historic, 
tribal cultural, and paleontological resources. Because the Proposed Program on their 
own would result in a significant and unavoidable impact, the project’s contribution to 
the significant cumulative impact would also be cumulatively considerable. 
Implementation of the project-level mitigation identified in Chapter 4 could likely 
effectively reduce the incremental contribution from the Proposed Project to a less-
than-considerable level, but authority to require that mitigation will rest with other 
agencies that will be authorizing site-specific projects, and not with CARB. Thus, as 
noted in Chapter 4, CARB’s implementation and enforcement of project-level mitigation 
is legally infeasible. Therefore, the Proposed Program could result in a cumulatively 
considerable contribution to a significant cumulative impact on cultural resources. 
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6. Energy 


Implementation of the Proposed Program could require construction and operation of 
new or modified facilities or infrastructure as well as increased lithium mining. While 
these compliance responses would require the consumption of energy resources, these 
actions would enable the transition to zero-emission technologies to comply with 
provisions of the Proposed Program and would not involve the wasteful or inefficient 
use of energy. While energy demand would increase during construction of future 
projects in response to implementation of the Proposed Program, these energy 
expenditures would be necessary to facilitate the actions that would result in 
environmental benefits such as reduced air pollution and GHG emissions. Therefore, 
short-term energy consumption would not be considered unnecessary. Use of ZEV and 
PHEVs would divert energy from fossil fuel-powered systems and engines to electrical 
systems, which, as mandated by the renewable portfolio standard, will become 
increasingly more renewable in the coming years. Arguably, through the use of 
alternative fuels and an increasingly more renewable energy grid, implementation of the 
Proposed Program would improve the efficiency of energy usage across the State. 
Therefore, the Implementation of the Proposed Program would not result in a 
cumulatively considerable contribution to a significant cumulative impact related to 
energy. 


7. Geology and Soils


Implementation of the reasonably foreseeable compliance responses associated with 
the Proposed Program could require construction and operational activities associated 
with new or modified facilities or infrastructure and increased mining activities. The 
exact location of these new facilities or the modification of existing facilities is uncertain. 
Construction could require disturbance of undeveloped area, such as clearing of 
vegetation, earth movement and grading, trenching for utility lines, erection of new 
buildings, and paving of parking lots, delivery areas, and roadways. Additional 
disturbance could result from the increased mineral ore extraction activities which would 
provide raw materials to these manufacturing facilities and energy projects. These 
activities would have the potential to adversely affect the geology and soils in 
construction or mineral ore extraction areas such that a rupture of a known earthquake 
fault, strong seismic ground shaking, liquefication, landslides, erosion, or the destruction 
of a unique paleontological resource or geographic feature could occur. Soil 
compaction, soil erosion, and loss of topsoil could occur during construction activities.


The Proposed Program’s impacts to geology and soils would be significant and 
unavoidable on their own, as concluded in Chapter 4. Because the Proposed Program 
on its own would result in a significant and unavoidable impact, and because the project 
would combine with impacts across the state, the project’s contribution to the 
significant cumulative impact would be cumulatively considerable. Implementation of 
the project-level mitigation identified in Chapter 4 could likely effectively reduce the 
incremental contribution from the project to a less-than-considerable level, but authority 
to require that mitigation will rest with other agencies that will be authorizing site-
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specific projects, and not with CARB. Thus, as noted in Chapter 4, CARB’s enforcement 
of project-level mitigation is legally infeasible. Therefore, the Proposed Program could 
result in a cumulatively considerable contribution to a significant cumulative impact 
related to geology and soils. 


8. Greenhouse Gases


Implementation of the reasonably foreseeable compliance responses associated with 
the Proposed Program could require the construction and operation of new or modified 
facilities or infrastructure and mining activities. When these short-term construction 
GHG emissions associated with construction activities are considered in relation to the 
overall long-term operational GHG benefits, they are not considered substantial. 
Therefore, the Proposed Program would not have a cumulatively significant impact on 
GHG emissions. Compliance responses implemented in response to the Proposed 
Program were found to have a beneficial impact related to GHG emissions. Given the 
long-term benefits of the Proposed Program, the Proposed Program would have a less 
than significant cumulative impact. 


9. Hazards and Hazardous Materials


Implementation of the reasonably foreseeable compliance responses associated with 
the Proposed Program could require construction and operational activities associated 
with new or modified facilities or infrastructure and increased mining activities. 
Construction activities generally use heavy-duty equipment requiring periodic refueling 
and lubricating. Large pieces of construction equipment (e.g., backhoes, graders) are 
typically fueled and maintained at the construction site. There would be a potential risk 
of accidental release during fuel transfer activities. Although precautions would be taken 
to ensure that any spilled fuel is properly contained and disposed, and such spills are 
typically minor and localized to the immediate area of the fueling (or maintenance), the 
potential still remains for a substantial release of hazardous materials into the 
environment.


The Proposed Program’s impacts related to hazards and hazardous materials would be 
significant and unavoidable on their own, as concluded in Chapter 4. These impacts 
would be significant because of effects of disposal of hazardous materials, the potential 
for hazardous materials spills, and exposure and environmental effects from lithium. 
Because the Proposed Program on their own would result in a significant and 
unavoidable impact, the project’s contribution to the significant cumulative impact 
would also be cumulatively considerable. Implementation of the project-level mitigation 
identified in Chapter 4 could likely effectively reduce the incremental contribution from 
the Proposed Project to a less-than-considerable level, but authority to require that 
mitigation will rest with other agencies that will be authorizing site-specific projects, and 
not with CARB. Thus, as noted in Chapter 4, CARB’s implementation and enforcement 
of project-level mitigation is legally infeasible. Therefore, the Proposed Program could 
result in a cumulatively considerable contribution to a significant cumulative impact 
related to hazards and hazardous materials.
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10. Hydrology and Water Quality


Implementation of the reasonably foreseeable compliance responses associated with 
the Proposed Program could require construction and operational activities associated 
with new or modified facilities or infrastructure and increased mining activities. 
Construction could require disturbance of undeveloped area, such as clearing of 
vegetation, earth movement and grading, trenching for utility lines, erection of new 
buildings, and paving of parking lots, delivery areas, and roadways, which could result 
in short-term adverse effects on water quality from potential erosion or waste discharge. 
Increased lithium mining could result in impacts on water quality from ground 
disturbance (i.e., hard rock mining) or groundwater overdrafting (i.e., continental brine 
mining). Most of these activities would be subject to state and federal regulations (e.g., 
Clean Water Act); however, lithium is obtained from areas outside of the United States, 
where these regulations are not enforced. CARB cannot determine with certainty that 
implementing mitigation measures would reduce these impacts to a less-than-significant 
level because the authority to determine project-level impacts and require project-level 
mitigation lies with land use and/or permitting agencies for individual projects. 


The Proposed Program’s impacts related to hydrology and water quality would be 
significant and unavoidable on their own, as concluded in Chapter 4. These impacts 
would be significant because of potential adverse effects on water quality from 
construction activities and increased mining. Because the Proposed Program on its own 
would result in a significant and unavoidable impact, and because this impact would 
combine with other water quality impacts across the state, the project’s contribution to 
the significant cumulative impact would also be cumulatively considerable. 
Implementation of the project-level mitigation identified in Chapter 4 could likely 
effectively reduce the incremental contribution from the Proposed Project to a less-
than-considerable level, but authority to require that mitigation will rest with other 
agencies that will be authorizing site-specific projects, and not with CARB. Thus, as 
noted in Chapter 4, CARB’s enforcement of project-level mitigation is legally infeasible. 
Therefore, the Proposed Program could result in a cumulatively considerable 
contribution to a significant cumulative impact related to hydrology and water quality.


11. Land Use and Planning


Impacts related to land use and planning focus on potential conflicts with plans, policies, 
and regulations intended to minimize environmental impacts, as well as potential 
division of established communities. These impacts do not typically interact or combine 
with other impacts within the cumulative context such that a significant cumulative 
impact could occur with respect to land use and planning. Also, significant project-
related impacts associated with land use and planning were not identified in Chapter 4. 
Therefore, the Proposed Program would not result in a cumulatively considerable 
contribution to a significant cumulative impact related to land use and planning.
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12. Mineral Resources


Implementation of the Proposed Program could require construction and operation of 
new or modified facilities or infrastructure and increased lithium mining. While an 
increase in mining of lithium could occur, this increase would be generally small when 
viewed in the context of global lithium markets. Implementation of the Proposed 
Program would not affect the economic potential related to known mineral resources 
or substantially affect supply. Therefore, the Implementation of the Proposed Program 
would not result in a cumulatively considerable contribution to a significant 
cumulative impact related to mineral resources. 


13. Noise


Implementation of the reasonably foreseeable compliance responses associated with 
the Proposed Program could require construction and operational activities associated 
with new or modified facilities or infrastructure and increased mining activities. Noise 
and vibration associated with construction and operation of these facilities and mining 
operations would fluctuate depending on type, number, size, and duration of usage for 
the varying equipment. The effects of noise and vibration would depend on the type of 
construction activities occurring on any given day, noise levels generated by those 
activities, distances to noise sensitive receptors, and the existing ambient noise 
environment in the receptor’s vicinity. Operational-related activities associated with 
mining or operation of manufacturing plants could produce new or ongoing sources of 
noise that could exceed applicable noise standards and result in a substantial increase 
in ambient noise levels.


The Proposed Program’s impacts related to noise and vibration would be significant and 
unavoidable on their own, as concluded in Chapter 4. These impacts would be 
significant because of potential increase in noise and vibration that could exceed 
applicable noise standards and result in a substantial increase in ambient noise levels. 
Because the Proposed Program on its own would result in a significant and unavoidable 
impact, and because these impacts would combine with other significant noise and 
vibration impacts across the state, the project’s contribution to the significant 
cumulative impact would be cumulatively considerable. Implementation of the project-
level mitigation identified in Chapter 4 could likely effectively reduce the incremental 
contribution from the Proposed Project to a less-than-considerable level, but authority 
to require that mitigation will rest with other agencies that will be authorizing site-
specific projects, and not with CARB. Thus, as noted in Chapter 4, CARB’s enforcement 
of project-level mitigation is legally infeasible. Therefore, the Proposed Program could 
result in a cumulatively considerable contribution to a significant cumulative impact 
related to noise and vibration.


14. Population and Housing


Implementation of the Proposed Program could require construction and operation of 
new or modified facilities or infrastructure. Activities related to the construction of these 
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facilities would require relatively small crews, and demand for these crews would be 
temporary (e.g., 6 to 12 months per project). Therefore, a substantial amount of 
construction worker migration would not be likely to occur, and a sufficient construction 
employment base would likely be available. Construction activities would not require 
new additional housing or generate changes in land use. It would be expected that the 
aforementioned facilities would be located within areas of consistent zoning and have 
sufficient employees and housing to support their operation. Therefore, the 
Implementation of the Proposed Program would not result in a significant cumulative 
impact related to population and housing growth. 


15. Public Services


Implementation of the Proposed Program could include construction and operation of 
new or modified facilities or infrastructure. There is uncertainty as to the exact location of 
these new facilities or the modification of existing facilities. These would likely occur within 
footprints of existing facilities, or in areas with zoning that would permit the development 
of these facilities. Construction activities would be anticipated to require relatively small 
crews, and demand for these crews would be temporary (e.g., 6 to 12 months per project). 
Therefore, it would be anticipated that the need for a substantial amount of construction 
worker migration would not occur and that a sufficient construction employment base 
would likely be available. Construction activities would not require new additional housing 
to accommodate or generate changes in land use and, therefore, would not affect the 
provision of public services. It would be expected that the aforementioned facilities would 
be located within areas of consistent zoning and have sufficient public services to support 
their operation. Therefore, activities related to the Implementation of the Proposed 
Program would not result in a significant cumulative impact related to public services.


16. Recreation


Implementation of the Proposed Program could require construction and operation of 
new or modified facilities or infrastructure. There is uncertainty as to the exact locations 
of potential new or modified facilities. These activities would likely occur within 
footprints of existing facilities, or in areas with zoning that would permit their 
development. In addition, demand for construction of these crews would be temporary 
(e.g., 6 – 12 months per project). Therefore, it would be anticipated that the need for a 
substantial amount of construction worker migration would not occur. Thus, construction 
activities associated with reasonably foreseeable compliance responses would not be 
anticipated to increase the use of existing neighborhood and regional parks or other 
recreational facilities such that substantial physical deterioration would be likely to occur. 
In addition, the demand for new (or expansion of existing) recreational-related facilities 
would not occur as a result of construction activities. It would be expected that the 
aforementioned facilities would be located within areas of consistent zoning and have 
sufficient recreational facilities to support their operation. Therefore, activities related 
to the Implementation of the 2022 Proposed Program would not result in a significant 
cumulative impact related to recreational facilities. 
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17. Transportation


Implementation of the reasonably foreseeable compliance responses associated with 
the Proposed Program could require construction and operational activities associated 
with new or modified facilities or infrastructure and increased mining activities. Although 
detailed information about potential specific construction activities is not currently 
available, these activities could result in short-term construction traffic (primarily 
motorized) from worker commute- and material delivery-related trips. Depending on 
the amount of trip generation and the location of new facilities, implementation could 
conflict with applicable programs, plans, ordinances, or policies (e.g., performance 
standards, congestion management); and/or result in hazardous design features and 
emergency access issues from road closures, detours, and obstruction of emergency 
vehicle movement, especially due to project-generated heavy-duty truck trips. Locations 
of facilities with newly installed infrastructure to distribute and dispense alternative fuels 
cannot currently be known; therefore, the total change in VMT resulting from operation 
of these facilities cannot be assessed. Many activities, such as lithium battery 
manufacturing, recycling, and refurbishing, would take place at existing facilities; 
however, long-term operational-related activities associated with deliveries and 
distribution of goods (e.g., alternative fuels) could result in the addition of new trips, 
which could increase regional VMT.


The Proposed Program’s impacts related to transportation would be significant and 
unavoidable on their own, as concluded in Chapter 4. These impacts would be 
significant because of potential increase in VMT that could exceed applicable local and 
regional standards and potential issues related to traffic safety, including bicycle and 
pedestrian safety. Because the Proposed Program on its own would result in a significant 
and unavoidable impact, and because this impact would combine with other 
transportation-related impacts across the state, the project’s contribution to the 
significant cumulative impact would also be cumulatively considerable. Implementation 
of the project-level mitigation identified in Chapter 4 could likely effectively reduce the 
incremental contribution from the Proposed Project to a less-than-considerable level, 
but authority to require that mitigation will rest with other agencies that will be 
authorizing site-specific projects, and not with CARB. Thus, as noted in Chapter 4, 
CARB’s enforcement of project-level mitigation is legally infeasible. Therefore, the 
Proposed Program could result in a cumulatively considerable contribution to a 
significant cumulative impact related to transportation.


18. Tribal Cultural Resources


Implementation of the reasonably foreseeable compliance responses associated with 
the Proposed Program could require construction and operational activities associated 
with new or modified facilities or infrastructure and increased mining activities. The 
exact location of these new facilities or the modification of existing facilities is 
uncertain. Construction activities could require disturbance of undeveloped area, such 
as clearing of vegetation, earth movement and grading, trenching for utility lines, 
erection of new buildings, and paving of parking lots, delivery areas, and roadways. 
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Demolition of existing structures may also occur before the construction of new 
buildings and structures. The cultural resources that could potentially be affected by 
ground disturbance activities could include tribal cultural resources. Properties 
important to Native American communities, including tangible properties possessing 
intangible traditional cultural values, also may exist.


The Proposed Program’s impacts to tribal cultural resources would be significant and 
unavoidable on their own, as concluded in Chapter 4. These impacts would be significant 
because of the potential to damage and destroy tribal cultural resources. Because the 
Proposed Program on their own would result in a significant and unavoidable impact, the 
project’s contribution to the significant cumulative impact would also be cumulatively 
considerable. Implementation of the project-level mitigation identified in Chapter 4 could 
likely effectively reduce the incremental contribution from the Proposed Project to a less-
than-considerable level, but authority to require that mitigation will rest with other 
agencies that will be authorizing site-specific projects, and not with CARB. Thus, as noted 
in Chapter 4, CARB’s implementation and enforcement of project-level mitigation is 
legally infeasible. Therefore, the Proposed Program could result in a cumulatively 
considerable contribution to a significant cumulative impact on tribal cultural resources. 


19. Utilities and Service Systems


Implementation of the reasonably foreseeable compliance responses associated with 
the Proposed Program could require construction and operational activities associated 
with new or modified facilities or infrastructure and increased mining activities. As a 
result, there could be new demand for water, wastewater, electricity, and gas services 
for new or modified facilities. Generally, facilities would be cited in areas with existing 
utility infrastructure—or areas where existing utility infrastructure is easily assessable. At 
this time, the specific location and type of construction needed is not known and would 
be dependent upon a variety of market factors that are not within the control of CARB 
including: economic costs, product demands, environmental constraints, and other 
market constraints. Thus, the specific impacts from construction on utility and service 
systems cannot be identified with any certainty, and individual compliance responses 
could potentially result in significant environmental impacts for which it is unknown 
whether mitigation would be available to reduce the impacts. 


The Proposed Program’s impacts related to utilities and service systems would be 
significant and unavoidable on their own, as concluded in Chapter 4. These impacts 
would be significant because of potential impacts resulting from new demand for water, 
wastewater, electricity, and gas services. Because the Proposed Program on its own 
would result in a significant and unavoidable impact, and because the project impact 
would combine with other statewide impacts to utilities, the project’s contribution to 
the significant cumulative impact would also be cumulatively considerable. 
Implementation of the project-level mitigation identified in Chapter 4 could likely 
effectively reduce the incremental contribution from the Proposed Project to a less-
than-considerable level, but authority to require that mitigation will rest with other 
agencies that will be authorizing site-specific projects, and not with CARB. Thus, as 
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noted in Chapter 4, CARB’s enforcement of project-level mitigation is legally infeasible. 
Therefore, the Proposed Program could result in a cumulatively considerable 
contribution to a significant cumulative impact related to utilities and service systems.


20. Wildfire


Implementation of the Proposed Program could require construction and operation of 
new or modified facilities or infrastructure. There is uncertainty as to the exact locations 
of potential new or modified facilities. However, construction and operation activities as 
well as new or modified facilities would likely occur within footprints of existing 
manufacturing facilities, or in areas with appropriate zoning that permit such uses and 
activities; therefore, changes or modifications to existing fire response and evacuation 
plans would not be necessary. Additionally, new facilities would be subject to the 
applicable chapters of the California Fire Code and any additional local provisions 
identified in local fire safety codes, which would substantially reduce the risk of wildfire 
ignitions caused by infrastructure development. Finally, when packaged and handled 
properly, lithium-ion batteries pose no environmental hazard (79 Fed. Reg. 46011, 
46032) and increased use of lithium-based batteries in vehicles would not substantially 
increase the risk of wildland fire. Therefore, activities related to the Implementation of 
the Proposed Program would not result in a cumulatively considerable contribution 
to a significant cumulative impact related to wildfire. 


E. Growth Inducing Impacts


A project would be considered growth-inducing if it removes an obstacle to growth, 
includes construction of new housing, or establishes major new employment 
opportunities. The reasonably foreseeable compliance responses associated with the 
Proposed Program would not directly result in any growth in population or housing, as 
the Proposed Program is meant to spur emissions-reducing changes in the existing fleet 
of light and medium-duty vehicles operating in California, which would not require 
substantial relocation of employees.
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6.0 MANDATORY FINDINGS OF SIGNIFICANCE


Consistent with the requirements of the California Environmental Quality Act (CEQA) 
Guidelines § 15065 and § 18 of the Environmental Checklist, this Draft Environmental 
Analysis (Draft EA) addresses the mandatory findings of significance for the Proposed 
Program.


A. Does the project have the potential to degrade the quality 
of the environment, substantially reduce the habitat for a 
fish or wildlife species, cause a fish or wildlife population to 
drop below self-sustaining levels, threaten to eliminate a 
plant or animal community, reduce the number or restrict 
the range of a rare or endangered plant or animal, or 
eliminate important examples of the major periods of 
California history or prehistory?


A finding of significance is required if a project “has the potential to substantially 
degrade the quality of the environment (14 CCR § 15065(a)).” In practice, this is the 
same standard as a significant effect on the environment, which is defined as “a 
substantial or potentially substantial adverse change in any of the physical conditions 
within the area affected by the project including land, air, water, minerals, flora, fauna, 
ambient noise, and objects of historic or aesthetic significance (14 CCR § 15382.).” As 
with all of the environmental effects and issue areas, the precise nature and magnitude 
of impacts would depend on the types of projects authorized, their locations, their aerial 
extent, and a variety of site-specific factors that are not known at this time but that 
would be addressed by environmental reviews at the project-specific level. For projects 
within California, all these issues would be addressed through project-specific 
environmental reviews that would be conducted by local land use agencies or other 
regulatory bodies at such time the projects are proposed for implementation. Outside 
of California, other state and local agencies would consider the proposed projects in 
accordance with their laws and regulations. CARB would not be the agency responsible 
for conducting the project-specific environmental or approval reviews because it is not 
the agency with authority for making land use or project implementation decisions.


This Draft EA addresses and discloses potential environmental effects associated with 
implementation of the Proposed Program, including direct, indirect, and cumulative 
impacts. As described in Chapter 4, this Draft EA discloses potential environmental 
impacts, the level of significance prior to mitigation, mitigation measures, and the level 
of significance after the incorporation of mitigation measures.
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B. Does the project have impacts that are individually limited, 
but cumulatively considerable?


A lead agency shall find that a project may have a significant effect on the environment 
where there is substantial evidence that the project has potential environmental effects 
that are individually limited, but cumulatively considerable (14 CCR § 15065). 
Cumulatively considerable means “that the incremental effects of an individual project 
are significant when viewed in connection with the effects of past projects, the effects 
of other current projects, and the effects of probable future projects (14 CCR § 
15065(a)(3)).” Cumulative impacts are discussed in Chapter 5 in the Draft EA.


C. Does the project have environmental effects that will cause 
substantial adverse effects on human beings, either directly 
or indirectly?


A lead agency shall find that a project may have a significant effect on the environment 
where there is substantial evidence that the project has the potential to cause 
substantial adverse effects on human beings, either directly or indirectly (14 CCR § 
15065(a)(4)). Under this standard, a change to the physical environment that might 
otherwise be minor must be treated as significant if people would be significantly 
affected. This factor relates to adverse changes to the environment of human beings 
generally, and not to effects on particular individuals. While changes to the environment 
that could indirectly affect human beings would be represented by all of the designated 
CEQA issue areas, those that could directly affect human beings include air quality, 
geology and soils, hazards and hazardous materials, hydrology and water quality, noise, 
population and housing, public services, transportation/traffic, and utilities, which are 
all addressed in Chapter 4, “Impact Analysis” of this Draft EA.
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7.0 ALTERNATIVES ANALYSIS 


This chapter of the Draft Environmental Analysis (EA) provides an overview of the 
regulatory requirements and guidance for alternatives analyses under the California 
Environmental Quality Act (CEQA); a description of each of the alternatives to the 
Proposed Program; a discussion of whether and how each alternative meets the 
objectives of the Proposed Program; and an analysis of each alternative’s environmental 
impacts.


A. Approach to Alternatives Analysis 


CARB’s certified regulatory program (Title 17 CCR §§ 60000 – 60008) requires that, 
where a contemplated action may have a significant effect on the environment, a staff 
report shall be prepared in a manner consistent with the environmental protection 
purposes of CARB’s regulatory program and with the goals and policies of CEQA. 
Among other things, the staff report must address feasible alternatives to the proposed 
action that would substantially reduce any significant adverse impact identified.


The certified regulatory program provides that any project for which significant adverse 
environmental impacts have been identified during the EA review process shall not be 
approved or adopted unless certain factors are met, including that there are no feasible 
mitigation measures or feasible alternatives available which would substantially reduce 
such an adverse impact (Title 17 CCR § 60004.2(c)(2)). For purposes of this section, 
“feasible” means capable of being accomplished in a successful manner within a 
reasonable period of time, taking into account economic, environmental, legal, social, 
and technological factors (Title 14 CCR § 15364).


While CARB, by virtue of its certified program, is exempt from Chapters 3 and 4 of 
CEQA and corresponding sections of the CEQA Guidelines, the CEQA Guidelines 
nevertheless contain useful information for preparation of a thorough and meaningful 
alternatives analysis. CEQA Guidelines § 15126.6(a) speaks to evaluation of “a range of 
reasonable alternatives to the project, or the location of the project, which would 
feasibly attain most of the basic project objectives but would avoid or substantially 
lessen any of the significant effects, and evaluate the comparative merits of the 
alternatives.” The purpose of the alternatives analysis is to determine whether different 
approaches to, or variations of, the project would reduce or eliminate significant project 
impacts, within the basic framework of the objectives, a principle that is consistent with 
CARB’s regulatory requirements.


Alternatives considered in an environmental document should be potentially feasible 
and should attain most of the basic project objectives. It is critical that the alternatives 
analysis define the project’s objectives. The project objectives are listed below in section 
III of this chapter. 


The range of alternatives is governed by the “rule of reason,” which requires evaluation 
of only those alternatives “necessary to permit a reasoned choice” (Title 14 CCR §
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15126.6(f)). Further, an agency “need not consider an alternative whose effect cannot 
be reasonably ascertained and whose implementation is remote and speculative” (Title 
14 CCR § 15126.6(f)(3)). The analysis should focus on alternatives that are feasible and 
that take economic, environmental, social, and technological factors into account. 
Alternatives that are remote or speculative need not be discussed. Furthermore, the 
alternatives analyzed for a project should focus on reducing or avoiding significant 
environmental impacts associated with the project as proposed.


B. Selection of Range of Alternatives 


This chapter evaluates a range of alternatives to the Proposed Program that could 
reduce or eliminate significant effects on the environment, while still meeting basic 
project objectives (14 CCR § 15126.6(a)). Pursuant to CARB’s certified regulatory 
program, this chapter also contains an analysis of each alternative’s feasibility and the 
likelihood that it would substantially reduce any significant adverse environmental 
impacts identified in the impact analysis contained in Chapter 4 of this Draft EA (17 CCR 
§ 60004.2(a)(5)).


CARB has identified five alternatives that allow the public and Board to consider 
different approaches. CARB has made a good faith effort to identify potentially feasible 
project alternatives.


For the purposes of this analysis, four alternatives are considered:


1. Alternative 1 (No-Project Alternative)


2. Alternative 2 (Less Stringent ZEV Sales Requirement in the Earlier Years)


3. Alternative 3 (Less Stringent Overall ZEV Sales Requirement with 70% by 2035)


4. Alternative 4 (No Low-Emission Vehicle Regulation Updates) 


C. Project Objectives 


The primary objectives of the Proposed Program include the following:


1. Accelerate the deployment of vehicles that achieve the maximum emissions 
reductions possible from light- and medium-duty vehicles to assist in the 
attainment of national ambient air quality standards for criteria air pollutants 
(Health & Safety Code §§ 43000.5(b), 43018(a)).


2. Develop a regulation that is consistent with and meets the goals of the State 
Implementation Plan (SIP), providing necessary emission reductions from 
vehicular sources for the federal ambient air quality standards to be met in all of 
California, which has the most extreme nonattainment areas in the nation and has 
for decades (Health & Safety Code §§ 39002, 39003, 39602.5, 43000, 43000.5, 
43013, 43018).
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3. Because California endures some of the most extreme effects of climate change 
and is acutely vulnerable to those impacts, decrease GHG emissions in support 
of statewide GHG reduction goals by adopting strategies to deploy light-duty 
zero-emission vehicles (ZEVs) in California as identified in the Scoping Plan, which 
was developed to reduce GHG emissions in California as directed by AB 32 (Ch. 
488, Stats. of 2006, Nuñez). CARB’s 2017 Climate Change Scoping Plan and 2020 
Mobile Source Strategy aim to accelerate development and deployment of the 
cleanest feasible mobile source technologies and to improve access to clean 
transportation. Implementation of the Proposed Program would contribute to 
reducing GHG emissions through the electrification of the mobile source sector 
in a manner that minimizes costs and maximizes benefits for California’s 
economy, maximizes environmental and economic co-benefits under Health and 
Safety Code § 38501, and would also provide further GHG reductions pursuant 
to AB 1493 (Ch. 200, Stats. of 2002, Pavley). 


4. Maintain and continue reductions in emissions of GHGs beyond 2020, in 
accordance with AB 32 (Health & Safety Code §§ 38551(b), 38562, 38562.5), and 
pursue measures that implement reduction strategies covering the State’s GHG 
emissions in furtherance of California’s mandate to reduce GHG emissions to 40 
percent below the 1990 level by December 31, 2030 in accordance with SB 32 
(Health & Safety Code § 38566)


5. Lead the transition of California’s light-duty transportation sector from internal 
combustion to zero-emission powertrains.


6. Reduce the State’s dependence on petroleum as an energy resource and support 
the use of diversified fuels in the State’s transportation fleet (Health & Safety 
Code § 43000(e), California Public Resources Code (PRC) § 25000.5). In addition, 
petroleum use as an energy resource contributes substantially to the following 
public health and environmental problems: air pollution, acid rain, global 
warming, and the degradation of California’s marine environment and fisheries 
(PRC § 25000.5(b), (c)).


7. Complement existing programs and plans to ensure, to the extent feasible, that 
activities undertaken pursuant to the measures complement, and do not interfere 
with, existing planning efforts to reduce GHG emissions, criteria pollutants, 
petroleum-based transportation fuels, and TAC emissions.


8. Achieve emission reductions that are real, permanent, quantifiable, verifiable, 
and enforceable (Health & Safety Code §§ 38560, 38562(d)(1)).


9. Provide market certainty for zero-emission technologies and fueling 
infrastructure to guide the acceleration of the development of environmentally 
superior light-duty vehicles that will continue to deliver performance, utility, and 
safety demanded by the market.
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10. Take steps to ensure all Californians can live, work, and play in a healthful 
environment free from harmful exposure to air pollution. Protect and preserve 
public health and well-being, and prevent irritation to the senses, interference 
with visibility, and damage to vegetation and property (Health & Safety Code § 
43000(b)) in recognition that the emission of air pollutants from motor vehicles is 
the primary cause of air pollution in many parts of the State (Health & Safety Code 
§ 43000(a)).


11. Spur economic activity of zero-emission technologies in the light-duty vehicle 
sector. Incentivize innovation that will transition California’s economy into greater 
use of clean and sustainable zero-emission technologies and promote increased 
economic and employment benefits that will accompany this transition (AB 1493, 
§ 1(g); Health & Safety Code §§ 38501(e), 43018.5(c)). Reduce emissions from 
vehicles in a manner that is equitable, does not disproportionately impact low-
income communities, and minimizes the administrative burden of complying with 
the regulations. (Health and Safety Code §§ 38562, 38562.5, 44391.2.)


D. Alternatives Analysis 


Detailed descriptions and analyses of each alternative are presented below. The analysis 
of each alternative includes a discussion of the degree to which the alternative meets 
the basic project objectives, the degree to which the alternative avoids a potentially 
significant impact identified in Chapter 4, and any environmental impacts that may result 
from the alternative.


1. Alternative 1: No-Project Alternative


a) Alternative 1 Description
Alternative 1, the “No-Project Alternative,” is included to disclose environmental 
information that is important for considering the proposed ACC II Program. It is useful 
to include a “No-Project Alternative” in this analysis for the same reasons that this type 
of alternative is called for in the State CEQA Guidelines. As noted in the State CEQA 
Guidelines, “the purpose of describing and analyzing a no-project alternative is to allow 
decision-makers to compare the impacts of approving the proposed project with the 
impacts of not approving the proposed project” (Title 14 CCR Section 15126.6(e)(1)). 
The No-Project Alternative also provides an important point of comparison to 
understand the potential environmental benefits and impacts of the other alternatives. 


Under Alternative 1, the proposed ACC II Program would not be implemented. Under 
the No-Project Alternative, amendments would not occur to the existing LEV and ZEV 
regulations. Thus, the emission requirements for criteria air pollutants in place for model 
year 2025, the final year of implementation of the existing LEV III regulation, would 
remain in effect for subsequent model years. There would be no requirement for newly 
manufactured light and medium-duty vehicles to meet a more stringent emission 
standards or better control for real world driving behavior. The existing requirements of 
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the ZEV regulation would continue without the additional requirement for light-duty 
vehicle auto manufacturers to fully transition to zero-emission technology by 2035. 
There would also be no requirement for ZEV assurance measures, which include new 
durability, warranty, serviceability, data standardization, and battery labeling 
requirements for ZEVs.


b) Alternative 1 Discussion


i) Objectives
The No-Project Alternative would fail to meet many of the project objectives listed in 
Chapter 2 (and reproduced above) because criteria pollutant and GHG reductions 
would not be accelerated in the manner necessary to achieve air quality standards and 
climate goals. First, there would be no further reductions in criteria air pollutants from 
light and medium-duty vehicles that would provide public health benefits, assist in the 
attainment of California and national ambient air quality standards (NAAQS), and meet 
the goals of the SIP. The No-Project Alternative would not fulfill the requirement of HSC 
Section 43018(a), which requires CARB to reduce vehicle emissions of criteria air 
pollutants to the maximum extent feasible. Similarly, the alternative would not further 
decrease GHG emissions in support of SB 32 or CARB’s Scoping Plan. The No-Project 
Alternative would also significantly hamper California’s ability to fulfill the AB 1493 
mandate to achieve maximum feasible GHG reductions. 


Under the No-Project Alternative, CARB would continue to implement other existing 
programs and regulations intended to reduce emissions of criteria air pollutants and 
GHGs in California, but without the proposed ACC II Program. Vehicle emissions of 
criteria pollutants and GHGs would continue to decrease as the vehicle fleet turns over 
under the existing LEV and ZEV regulations. This is because, typically, almost all the 
State’s fleet of light- and medium-duty vehicles turns over in an approximately 15-year 
cycle. Thus, because 2025 is the last model year addressed by the existing LEV 
regulation, the vehicle fleet would continue to become incrementally cleaner and more 
efficient until approximately 2040. After that complete turnover cycle, the emissions of 
the vehicle fleet would not improve with subsequent fleet turnover, because new 
vehicles would no longer be cleaner than the older vehicles they replace. Under the No-
Project Alternative, criteria pollutant and GHGs emissions would not decrease from the 
vehicles subject to the proposed regulatory requirements. The No-Project Alternative 
would therefore fail to meet CARB’s goals of ensuring all Californians live, work, and 
play in a healthful environment free from harmful exposure to air pollution.


The No-Project Alternative would not result in improvements to zero-emission 
technologies, nor would it lead the transition of California’s light-duty sector to 
zero-emission technology. The alternative also would not provide market certainty for 
ZEV technologies and therefore ZEV fueling infrastructure. Without regulatory 
requirements, development and use of ZEVs will not increase at the rate needed to 
meet CARB’s air quality standards and GHG reduction targets. ZEV manufacturers 
would lack the regulatory incentive to build ZEVs, which would delay the transition to a 
sustainable zero-emission light-duty market. As a result, it is unlikely that ZEVs 
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manufacturers would increase production of ZEVs above existing requirements in 
response to market demand alone. Economies of scale in production costs would not 
be realized unless manufacturers commit to producing larger volumes of these 
alternative vehicles. Staff anticipate consumers may also hesitate to purchase ZEV 
technologies because of market challenges not being addressed with insufficient 
investment signals. Furthermore, the alternative would not reduce the State’s 
dependence on petroleum for energy or support the use of diversified fuels. 


In summary, the No-Project Alternative would not meet most of the basic project 
objectives. 


ii) Environmental Impacts
There would be no new environmental impacts under the No-Project Alternative 
compared to baseline because compliance responses would be the same as under the 
existing regulatory environment. It is anticipated that the No-Project Alternative would 
not result in the development of new manufacturing plants that specialize in the 
production of propulsion batteries or fuel cells, or the modification or expansion of 
existing production facilities. The proportion of ZEVs in the statewide vehicle fleet would 
likely not increase beyond the existing regulatory baseline, therefore, no new hydrogen 
fueling stations and electric vehicle charging stations would be developed under the 
existing regulation. Additional lithium mining activities also would not occur. Thus, no 
impacts related to new or expanded facilities for precious metal mining, fueling, 
electricity distribution, or battery disposal would occur under the No-Project 
Alternative. 


Without implementation of the proposed ACC II Program, the beneficial impacts 
resulting from the ACC II Program would not occur. This would include no reduction of 
criteria and GHG beyond what is required under existing regulations. There would be 
no further reductions in criteria air pollutants that would provide public health benefits, 
achieve NAAQS, and meet the goals of the SIP. Additionally, the No-Project Alternative 
would not further decrease GHG emissions in support of SB 32. Therefore, as described 
above, this alternative would fail to meet most of the basic project objectives.


2. Alternative 2: Less Stringent ZEV Sales Requirement in the Earlier
Years


a) Alternative 2 Description
Alternative 2 is a less stringent alternative for the earlier years of the Proposed Program 
and applies to the same manufacturers. This alternative includes a lower starting ZEV 
and PHEV delivered for sale requirement in 2026 and a slower ramp rate of ZEV 
Regulation stringency from 2026 to 2031. However, the overall ZEV stringency still 
reaches a 100 percent ZEV and PHEV requirement by 2035 as proposed under the ZEV 
Regulation of the Proposed Program. Table 20 shows the Alternative 2 stringency 
trajectory compared to the Proposed Program stringency for delivered for sale 
requirements.
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Table 20: ZEV Market Share Requirements for 2026 and Subsequent Model Years 
for Alternative 2 and the Proposed Program


Model Year
Alternative 2 


Percentage Requirement
ACC II Program Percentage 


Requirement
2026 26% 35%
2027 34% 43%
2028 43% 51%
2029 51% 59%
2030 61% 68%
2031 76% 76%
2032 82% 82%
2033 88% 88%
2034 94% 94%


2035 and subsequent 100% 100%


This alternative is a feasible path for manufacturers based on model turnover and 
projections of manufacturer production of ZEVs and PHEVs. The LEV requirements and 
ZEV assurance measures would remain unchanged from the Proposed Program.


b) Alternative 2 Discussion


i) Objectives
Alternative 2 meets most of the basic project objectives, though it does so to a lesser 
extent than the Proposed Program in some cases because it would not require as quick 
of a transition to zero-emission light-duty vehicles. Emissions generated by the 
statewide fleet of light- and medium-duty vehicles would decrease because the LEV 
standards under this alternative would be more stringent than the existing LEV III 
regulation standards and the ZEV requirements are higher than what is required under 
the current ZEV regulation. However, the emissions reductions achieved under this 
alternative would not be as great as the reductions that would be achieved under the 
Proposed Program. Under Alternative 2, emissions are expected to reduce as the ZEV 
sales fraction increases over the years. However, since Alternative 2 allows for a higher 
proportion of conventional gasoline vehicles to be sold in the state from 2026 to 2030, 
NOx and PM2.5 emissions are higher than the Proposed Program. This alternative’s 
emissions reductions would not be the maximum feasible reduction that is mandated 
by HSC Section 43018(a).


Similarly, under Alternative 2, the statewide fleet of light-duty vehicles would eventually 
transition to zero-emission, which would help the State attain its GHG reduction goals; 
however, the extent of the reduction would be less than the reduction needed from an 
ACC II Program as identified in CARB’s Scoping Plan. Thus, this could prevent California 
from achieving the GHG reduction goal of SB 32, particularly if CARB cannot develop 
other programs or regulations to reduce GHG emissions. In addition, this alternative 
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would not meet the maximum feasible emission reductions in furtherance of AB 1493. 
Alternative 2 would reduce GHG emissions, but not to the same degree as the Proposed 
Program because more light-duty vehicles would continue to use fossil fuels and for a 
longer period of time rather than transition to zero-emission technology.


Alternative 2 would also help the State become less dependent on petroleum as an 
energy source, but not to the extent that it would under the Proposed Program due to 
a slower transition to ZEVs. Additionally, with a slower transition to ZEVs in the earlier 
years of the program, less benefit is provided to communities with environmental justice 
concern that are often disproportionately exposed to vehicular pollution. However, 
because Alternative 2 requires a 100 percent transition to zero-emission technologies 
in the light-duty sector, it does meet the objectives of leading the transition to zero-
emission powertrains and providing market certainty for ZEV technologies and therefore 
ZEV fueling infrastructure. 


Alternative 2 would achieve the project objectives identified under the Proposed 
Program, but not to the same maximal degree as the Proposed Program.


ii) Environmental Impacts
The types of impacts under the less stringent Alternative 2 would be the same as the 
proposed amendments to the Proposed Program, including potentially significant 
adverse impacts related to aesthetics, biological resources, cultural resources, geology 
and soils, hazards and hazardous materials, noise, transportation/traffic, and utilities and 
service systems. However, because many of the adverse environmental affects would be 
associated with manufacturing and new infrastructure, the degree of these impacts 
under Alternative 2 may occur later in time than under the Proposed Program. This is 
largely because Alternative 2 would result in slower penetration of ZEVs and PHEVs into 
the statewide vehicle fleet and associated lower ZEV production by manufacturers in 
the earlier years of the program from 2026 to 2030. Decreased environmental impacts 
from 2026 to 2030 would be related to fewer infrastructure installations, such as electric 
chargers and hydrogen fueling stations, to support a smaller ZEV and PHEV population, 
reducing construction related activities and therefore lessening short-term construction-
related impacts. These reduced impacts are in areas of biological resources, geology 
and soil, cultural resources impact, and hydrology and water quality. 


While Alternative 2 would produce fewer operational impacts in the earlier years as 
compared to the Proposed Program due to the reduced number of manufactured ZEVs, 
it would be expected that potentially significant and unavoidable impacts would still 
occur because the compliance responses to a less stringent ZEV sales requirement 
would still require similar infrastructure and facility development to serve the 
introduction of ZEVs into the marketplace. Additionally, Alternative 2 requires a full 
transition to 100 percent electrification by 2035 as does the Proposed Program. 


Beneficial air quality, GHG, and energy effects would be anticipated to be less than 
those that would occur with implementation of the Proposed Program. Alternative 2 
would result in fewer ZEVs being introduced to the light-duty fleet from 2026 to 2030, 
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therefore fewer cumulative ZEVs would be on the road under the same timeframe as 
the proposed program. This alternative would not avoid the impacts associated with the 
Proposed Program nor achieve the same level of environmental benefit.


3. Alternative 3: Less Stringent Overall ZEV Sales Requirement with 
70 Percent by 2035


a) Alternative 3 Description
Alternative 3 is a less stringency requirement for ZEV sales with a minimum 70 
percent ZEV and PHEV sales by 2035 instead of the proposal of 100 percent. This is 
based on survey data that shows 30 percent of survey respondents have rejected 
considering electric vehicle technology and show hesitation in purchasing ZEVs or 
PHEVs today.140 Although CARB staff does think this will change over time as ZEVs 
become cheaper and the market broadens to become more familiar with this 
technology, cost and emissions impacts analysis for a lower bound of ZEVs and PHEVs 
with more gasoline vehicles meeting the proposed LEV standard is important for 
understanding the effect of electrification on the fleet. The LEV requirements and ZEV 
assurance measures would remain unchanged from the Proposed Program.


b) Alternative 3 Discussion


i) Objectives
Alternative 3 meets most of the basic project objectives, though it does so to a lesser 
extent than the Proposed Program in some cases because it would not require a full 
transition to zero-emission light-duty vehicles. Emissions generated by the statewide 
fleet of light- and medium-duty vehicles would decrease because the LEV standards 
under this alternative would be more stringent than the existing LEV III regulation 
standards and the ZEV requirements would be increased from the current ZEV 
regulation. However, the emissions reductions achieved under this alternative would not 
be as great as the reductions that would be achieved under the Proposed Program. 
Under Alternative 3 emissions are expected to reduce as the ZEV sales fractions increase 
over the years. However, since Alternative 3 assumes only 70 percent ZEVs from model 
year 2035 and beyond, NOx and PM2.5 emissions are higher than the Proposed Program, 
which requires 100 percent ZEVs by model year 2035. This alternative’s emissions 
reductions would not be the maximum feasible reduction that is mandated by HSC 
Section 43018(a). Thus, this alternative would limit the ability of various air districts 
throughout the state to attain the state and national ambient air quality standards in 
their respective air basins.


Similarly, under Alternative 3, the statewide fleet of light-duty vehicles would transition 
toward zero-emission, which would help the State attain its GHG reduction goals; 
however, the extent of the reduction would be less than the reduction needed from an 


140 Kurani, Kenneth, Nicolette Caperello, and Jennifer TyreeHapegeman. 2016. “New Car Buyers’ 
Valuation of Zero-Emission Vehicles: California.” Plug-in Hybrid & Electric Vehicle Center. March 21, 
2016. https://ww2.arb.ca.gov/sites/default/files/2020-04/12_332_ac.pdf.



https://ww2.arb.ca.gov/sites/default/files/2020-04/12_332_ac.pdf





Advanced Clean Cars II Alternatives Analysis
Draft Environmental Analysis


180


ACC II Program as identified in CARB’s Scoping Plan. Thus, this could prevent California 
from achieving the GHG reduction goal of SB 32, particularly if CARB cannot develop 
other programs or regulations to reduce GHG emissions. In addition, this alternative 
would not meet the maximum feasible emission reductions in furtherance of AB 1493. 
Alternative 3 would reduce GHG emissions, but not to the same degree as the Proposed 
Program because new light-duty vehicles would continue to use fossil fuels rather than 
transition to zero-emission technology.


Alternative 3 would also help the State become less dependent on petroleum as an 
energy source, but not to the extent that it would under the Proposed Program. Because 
a transition to zero-emission technology and promoting zero-emission technology is a 
critical goal in addition to emissions reductions goals, Alternative 3 would not meet 
most of the basic project objectives.


Alternative 3 would partially achieve some of the project objectives identified under the 
Proposed Program, but not to the same degree as the Proposed Program.


ii) Environmental Impacts
The types of impacts under the less stringent Alternative 3 would be the same as the 
Proposed Program, including potentially significant adverse impacts related to 
aesthetics, biological resources, cultural resources, geology and soils, hazards and 
hazardous materials, noise, transportation/traffic, and utilities and service systems. 
However, because many of the adverse environmental affects would be associated with 
manufacturing and new infrastructure, the degree of these impacts from these 
compliance responses under this less stringent alternative may be less, or occur later in 
time, than under the Proposed Program. This is largely because Alternative 3 would 
result in slower penetration of ZEVs and PHEVs into the statewide vehicle fleet and 
associated lower ZEV production by manufacturers. Decreased environmental impacts 
would be related to fewer infrastructure installations, such as electric chargers and 
hydrogen fueling stations, to support a smaller ZEV and PHEV population, reducing 
construction related activities and therefore lessening short-term construction-related 
impacts. These reduced impacts are in areas of biological resources, geology and soil, 
cultural resources impact, and hydrology and water quality. 


While Alternative 3 would produce fewer operational impacts as compared to the 
Proposed Program because of the reduced number of manufactured ZEVs, it would be 
expected that, although such impacts would be less, potentially significant and 
unavoidable impacts would still occur because the compliance responses to a less 
stringent ZEV sales requirement would still require similar infrastructure and facility 
development to serve the progression of ZEVs into the marketplace as the development 
required from the Proposed Program. 


Beneficial air quality, GHG, and energy effects would be anticipated to be less than 
those that would occur with implementation of the Proposed Program because fewer 
ZEVs would be introduced at a slower rate. Therefore, this alternative would not avoid 
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the impacts associated with the Proposed Program nor serve many of the objectives of 
the Proposed Program.


4. Alternative 4: No Low-Emission Vehicle Regulation Updates


a) Alternative 4 Description
Alternative 4 is a less stringent requirement for the combined ACC II Program where 
amendments to the Low-Emission Vehicle Regulation would not occur. This alternative 
would require no future updates to internal combustion engine vehicles as the vehicle 
fleet transitions to ZEVs and PHEVs. The existing LEV III program would still be effective, 
but the following LEV IV modifications would not be required: no removal of ZEVs from 
the existing NMOG+NOx fleet average standard; no improvements of emission control 
during aggressive driving; no improvements to cold-start emission controls; no 
improvements to the worst emitting evaporative systems; no lowering of the fleet 
average for medium-duty vehicles; no new standards for aggressive driving for MDVs; 
and no PEMS in-use standards for MDVs to control emissions during towing. The ZEV 
requirements and ZEV assurance measures would remain unchanged from the Proposed 
Program.


b) Alternative 4 Discussion


i) Objectives
Alternative 4 meets most of the basic project objectives, though it fails to maximize 
emissions reductions because it does not require additional reductions from 
conventional internal combustion engine vehicles in the light-duty and medium-duty 
fleet. Emissions generated by ICE light- and medium-duty vehicles would not decrease 
further because the LEV standards under this alternative would not change from the 
existing LEV III regulation standards. Meanwhile, the ZEV requirements continue to be 
significantly higher than the current ZEV regulation and are expected to reduce 
emissions as the ZEV sales fractions increase over the years. Since Alternative 4 assumes 
no additional reductions from conventional vehicles, NOx and PM2.5 emissions are 
expected to be higher than the Proposed Program. This alternative’s emissions 
reductions would therefore not be the maximum feasible reduction that is mandated by 
HSC Section 43018(a), and this alternative could limit the ability of various air districts 
throughout the state to attain ambient air quality standards in their respective air basins. 
Failure to reduce criteria emission to the maximum extent also provides less benefit to 
environmental justice communities that are often disproportionately exposed to 
vehicular pollution.


Given that the statewide fleet of light-duty vehicles would still transition toward zero-
emission under this alternate at the same rate as the Proposed Program, this alternative 
meets the objective to help the state attain its GHG reduction goals. Alternative 4 would 
also help the State become less dependent on petroleum as an energy source and 
promotes zero-emission technology.
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Alternative 4 would achieve most of the project objectives identified under the 
Proposed Program, but not to the same maximal degree as the Proposed Program.


ii) Environmental Impacts
The types of impacts under the less stringent Alternative 4 would be the same as the 
proposed amendments to the Proposed Program, including potentially significant 
adverse impacts related to aesthetics, biological resources, cultural resources, geology 
and soils, hazards and hazardous materials, noise, transportation/traffic, and utilities and 
service systems. Because many of the adverse environmental effects are associated with 
manufacturing and new infrastructure for ZEVs, the degree of these impacts remains the 
same as the Proposed Program. However, not requiring ICE vehicle improvements 
would reduce the demand for precious metals in the earlier years of the program when 
there are still significant volumes of ICE vehicles being produced. Alternative 4 would 
therefore have a slightly lower geology and soils impact as compared to the Proposed 
Program because of the reduced demand for catalyst loadings and the mining of 
materials to achieve this.


Beneficial air quality effects would be anticipated to be less than those that would occur 
with implementation of the Proposed Program because no further reductions would 
occur from ICE vehicles. Alternative 4 would not avoid the impacts associated with the 
Proposed Program and would not achieve the same emissions benefits.


E. Alternatives Considered but Rejected 


Additional alternatives were considered during development of the alternatives to the 
Proposed Project. The CEQA Guidelines Section 15126.6(c) includes three factors that 
may be used to eliminate alternatives from detailed consideration in an EIR: “i. failure 
to meet most of the basic project objectives; ii. Infeasibility, or iii. Inability to avoid 
significant environmental impact.”


1. Low-Carbon Fuel Technology in lieu of ZEV Requirements


Alternative low-carbon fuels include those such as bio-based gasoline, renewable diesel, 
and renewable natural gas. These lower-carbon alternative fuels coupled with improved 
internal combustion engine technologies may be able to reduce GHG emissions in the 
near to mid-term. CARB staff considered requiring vehicles to be fueled with a minimum 
percentage of low-carbon fuels rather than requiring ZEV sales from manufacturers. This 
approach, however, is infeasible given that renewable gasoline as a liquid drop-in fuel 
has not been commercialized at scale. Fuel providers are instead focusing on renewable 
diesel for heavy-duty truck markets to comply with CARB’s Low Carbon Fuel Standard. 
The low-carbon fuel pathway would also require a significant amount of biomass for the 
volume of renewable liquid fuels needed in the California light-duty vehicle fleet. CARB 
staff recognize biomass supplies are limited and will need to be focused on other mobile 
sectors that are harder to electrify.
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Furthermore, while low-carbon fuels may reduce GHG emissions, this approach fails to 
meet most of the basic project objectives. First, low-carbon fuel technology fails to 
reduce criteria emissions needed to meet ambient air quality standards. Burning 
renewable gasoline would produce about the same amount of NOx as current internal 
combustion vehicles, and refineries would produce similar local toxics in communities. 
The transition to ZEVs moves away from both criteria emissions and dependence on 
petroleum as an energy resource in blended fuels. Second, adopting a new GHG 
performance regulation that credits the full lifecycle of renewable fuels would require 
tracking of individual driver fueling events by manufacturers for the millions of vehicles 
in the light-duty fleet. Manufacturers would only be given regulatory credit if they 
tracked all their customers and verified that they were fueling up on low-carbon 
renewable liquid fuels. This could result in a program that is not verifiable or 
enforceable. Lastly, this alternative does not accelerate the deployment of vehicles that 
achieve the maximum emissions reductions possible and fails to lead the transition to 
ZEVs. Considering the infeasibility of this approach and its failure to meet project 
objectives, CARB staff did not pursue further evaluation of this alternative.


F.  Environmentally Superior Alternative


If the no project alternative is the environmentally superior alternative, CEQA requires 
that the EIR “…shall also identify an environmentally superior alternative among the 
other alternatives.” (CCR § 15126[e][2]). The No Project Alternative (Alternative 1) would 
be environmentally superior for all environmental resource areas other than greenhouse 
gases and air quality. Because an environmental objective of the Proposed Program is 
to ultimately reduce air pollution and because the No Project Alternative does not 
deliver that substantial environmental benefit, it is not considered the environmentally 
superior alternative.


Alternative 2 would decelerate the turnover of ZEVs as compared to the Proposed 
Program due to less stringent requirements. While Alternative 2 would similarly reach 
the 100 percent ZEV requirement by 2035 as the Proposed Project and would meet the 
objectives of the Proposed Program, the transition would occur more slowly, thus 
shifting the early phases of the transition to ZEVs to a slower schedule. This change in 
schedule would ultimately result in similar adverse operational and construction impacts, 
but these impacts would occur at a later date. Alternatively, the environmental benefits 
to GHG emissions and air quality would also not be accomplished as quickly as 
compared to the Proposed Program.


Alternative 3 would decrease the stringency of the ZEV requirement to 70 percent by 
2035 as compared to the Proposed Program, which includes 100 percent ZEV 
requirement by 2035. Alternative 3 would result in similar construction and operational 
impacts; however, because the ZEV requirement would ultimately be less under 
Alternative 3, fewer infrastructure improvements and new manufacturing, recycling, or 
processing facilities would be needed to support the transition to zero emission 
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technologies. However, under Alternative 3, fewer environmental benefits to GHG 
emissions and air quality would occur. Additionally, Alternative 3 would not achieve the 
objectives of the Proposed Program including goals at attaining the CAAQS and 
NAAQS for areas of the State that are in nonattainment. 


Alternative 4 would require no future updates to internal combustion engine vehicles as 
the vehicle fleet transitions to ZEVs and PHEVs. Because Alternative 4 would not require 
ICE vehicle improvements, demand for precious metals would be reduced in the earlier 
years of the program when there are still significant volumes of ICE vehicles being 
produced. Alternative 4 would therefore have a slightly lower geology and soils impact 
as compared to the Proposed Program because of the reduced demand for catalyst 
loadings. Nevertheless, beneficial air quality effects would be anticipated to be less than 
those that would occur with implementation of the Proposed Program because no 
further reductions would occur from ICE vehicles. Alternative 4 would not avoid the 
impacts associated with the Proposed Program and would not achieve the same 
emissions benefits.


Given that the key environmental goals of the Proposed Program are related to 
achieving emissions reductions of GHG to meet the State’s long-term GHG reduction 
goals as well as reduction in criteria pollutant emissions to promote health ambient air 
quality and attainment of the CAAQS and NAAQS, Alternative 2 is considered the 
environmentally superior alternative. Although Alternative 2 would not achieve as many 
benefits as the Proposed Program, it meets more of the environmental-related benefits 
than Alternatives 3 and 4. With additional weighting of the environmental benefits, 
which are a cornerstone of the Proposed Project, Alternative 2 is the environmentally 
superior alternative of the alternatives considered. 
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October 3, 2023 


Liane Randolph, Chair 


Dr. Steven Cliff, Executive Officer 


California Air Resources Board 


1001 I Street 


Sacramento, CA 95812 


 


Dear Chair Randolph and Executive Officer Cliff, 


I write today to urge the California Air Resources Board (CARB) to expeditiously 


approve the use of cleaner-burning, lower-carbon gasoline blends containing 15 percent 


ethanol (E15). To date, the state’s failure to approve E15 has caused unnecessary 


increases in greenhouse gas (GHG) emissions and tailpipe pollution linked to smog, 


along with higher prices at the pump for California consumers. 


For more than half a century, California has been a leader in developing policies that 


improve air quality by reducing harmful emissions from the transportation sector.  


Creation of the nation’s first vehicle emissions standards in the 1960s, introduction of 


the reformulated gasoline program in the 1990s, elimination of MTBE in 2003, and 


adoption of the world’s first Low Carbon Fuels Standard (LCFS) in 2009 are all 


examples of California’s leadership in mitigating the negative impacts of transportation 


fuels on air quality, climate change, and human health. 


However, California is woefully—and inexplicably—behind the rest of nation when it 


comes to adopting a simple change to liquid fuel regulations that reduces both harmful 


tailpipe pollutants and GHG emissions from liquid-fueled light-duty vehicles. California is 


one of only two states in the contiguous United States that still does not permit the use 


E15, even though the fuel blend was legally approved by the U.S. Environmental 


Protection Agency after extensive testing more than 12 years ago.1 


Recent emissions testing conducted by the Center for Environmental Research and 


Technology at the University of California at Riverside, which was financially supported 


in part by CARB and RFA, found that replacing E10 with E15 results in significant air 


 
1 Montana and California are the only two states in the lower 48 states that do not currently allow the sale of E15. 







quality benefits.2 Specifically, the testing found that using E15 in lieu of E10 results in 


statistically significant reductions in the emissions of particulate matter (PM), carbon 


monoxide (CO), total hydrocarbons (THC), non-methane hydrocarbon gases (NMHC), 


and other pollutants that lead to smog and air quality problems. The research also found 


non-statistically significant reductions in nitrogen oxide (NOx) emissions. 


In addition, there are substantial GHG emissions benefits associated with using E15 in 


place of E10. The carbon intensity of E15 is 6 percent lower than the carbon intensity of 


gasoline and 2 percent lower than that of E10. If all gasoline in California in 2022 had 


been E15 instead of E10, the state would have seen a 450-million-gallon reduction in 


petroleum consumption and additional GHG savings of 2.2 billion metric tons (CO2e), 


based on CARB’s own data regarding fuel consumption volumes and the average 


carbon intensity of ethanol and gasoline.  By failing to act on E15 approval, CARB is 


incomprehensibly leaving massive air quality and climate benefits on the table. 


While CARB has taken some initial steps toward approval of E15, the process has been 


impaired by numerous delays, uncertain timelines, and a general lack of emphasis or 


prioritization from CARB leadership. All of the required testing and analysis on E15 has 


been completed and submitted to CARB; yet, the agency appears to be purposely 


“slow-walking” the approval process. 


CARB’s failure to allow the use of lower-carbon, cleaner-burning E15 is contradictory to 


the scope and purpose of the waiver California has historically received from the Clean 


Air Act’s preemption provisions. In order to secure a Clean Air Act waiver from the 


Administrator of the U.S. Environmental Protection Agency, California must demonstrate 


that its state regulations are consistent with Section 202(a) of the Act and are “…at least 


as protective of public health and welfare as applicable federal standards.”3  


CARB has a long history of implementing special fuel property and formulation 


requirements as a means of ensuring the state’s air pollutant regulations are “at least as 


protective” as federal standards. But, by blocking the use of E15 and only allowing the 


consumption of E10, CARB is enforcing regulations that result in increased emissions of 


air pollutants from light-duty motor vehicles (i.e., compared to a case where California 


follows federal standards regarding E15). In this way, CARB’s current gasoline 


regulations are less protective of public health and welfare than the federal standards 


that allow for E15 consumption in all light-duty vehicles built since 2001. 


Moreover, CARB’s intransigence on E15 has directly hindered our association’s efforts 


to replicate California climate policies—specifically the LCFS—in other jurisdictions 


beyond the West Coast. Other states that have considered following California’s 


example on clean fuels policy ultimately have rejected the approach due, in large part, 


to CARB’s befuddling prohibition on E15. If CARB expects other jurisdictions to follow 


 
2 https://ww2.arb.ca.gov/resources/documents/comparison-exhaust-emissions-between-e10-carfg-and-splash-
blended-e15  
3 https://www.epa.gov/state-and-local-transportation/vehicle-emissions-california-waivers-and-authorizations  



https://ww2.arb.ca.gov/resources/documents/comparison-exhaust-emissions-between-e10-carfg-and-splash-blended-e15

https://ww2.arb.ca.gov/resources/documents/comparison-exhaust-emissions-between-e10-carfg-and-splash-blended-e15

https://www.epa.gov/state-and-local-transportation/vehicle-emissions-california-waivers-and-authorizations





its lead on climate policy, it must adopt clean fuel regulations that hold broad appeal 


beyond California’s borders. 


More than 28 million light-duty internal combustion engine vehicles are on the road in 


California today. The majority of those automobiles will be in use for the foreseeable 


future. To decrease both GHG and criteria pollutant emissions from those vehicles, to 


satisfy the conditions of California’s Clean Air Act waiver, and to make California climate 


programs more appealing to other jurisdictions, CARB must move quickly to approve 


the use of E15.  


Specifically, we urge CARB to immediately approve the long-delayed E15 Tier II and 


Tier III reports, secure approval by the Environmental Policy Council by the end of the 


year, and initiate a rulemaking to approve E15 prior to CARB’s January 2024 board 


meeting. RFA remains committed to working closely with CARB to secure approval for 


the use of cleaner-burning, lower-carbon, lower-cost E15. 


 


Sincerely, 


 


 


Geoff Cooper 


President and CEO 








 


 
 


Chevron Products Company 
A Division of Chevron U.S.A., Inc. 


6001 Bollinger Canyon Rd, San Ramon, CA 94583 
925 842 8903 


dgilstrap@chevron.com 


Don Gilstrap 
Manager, Fuels Regulations 


 
 


February 19, 2024 
 
Rajinder Sahota 
Deputy Executive Officer – Climate Change and Research 
California Air Resources Board 
1001 I Street 
Sacramento, CA 95814 
 
Dear Ms. Sahota: 
 
Re: Crop-based Fuels Guardrails 
 
Chevron appreciates the opportunity to review and comment on the subject Low Carbon Fuel 
Standard rulemaking proposal.  
 
Chevron is a major refiner and marketer of petroleum products and renewable fuels in the state 
of California and a regulated party under the Low Carbon Fuel Standard (LCFS). Chevron, 
through its Renewable Energy Group subsidiary, is an international producer of lower carbon 
intensity fuels with a global integrated procurement, distribution, and logistics network and 11 
biorefineries in the U.S. and Europe. to help California reduce transportation greenhouse gas 
emissions particularly in the hard-to-electrify heavy-duty sectors. As the second largest 
domestic producer of biodiesel and renewable diesel, our company uses waste fats, oils, and 
greases as well as virgin crop-based feedstocks. 
 
Chevron is submitting multiple letters on key topics under the 2024 LCFS rulemaking. Following 
are our comments on the crop-based fuels guardrails proposed. 
 
Key Messages 


• Eligibility for RFS credit generation is a reliable alternative to the proposed LCFS 
sustainability criteria. 


• Data related to land use in the United States contradicts the theoretical concerns voiced 
by advocates for a crop-based fuels cap. 


• Indirect land use factors are already in place to address theoretical concerns about 
international impacts. 


 


A Cap on Crop-based Fuels is Not Needed 
Chevron appreciates that the proposal does not seek to implement an unnecessary and over-
reaching cap on crop-based fuels. There are effective measures already in place that provide 
for proper balance in feedstock usage. These measures include the federal Renewable Fuel 
Standard (RFS) and the new tax incentive structure in the Inflation Reduction Act, that will 
transition the federal biodiesel tax credit from the existing $1/gal for all eligible biodiesel to a 
sliding scale incentive based on the fuel’s carbon intensity. Further, the LCFS already provides 
appropriate ‘guardrails’ through life cycle analysis that incorporates direct and indirect land use 
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Chevron Products Company 


A Division of Chevron U.S.A., Inc. 
6001 Bollinger Canyon Rd, San Ramon, CA 94583 


925 842 8903 
dgilstrap@chevron.com 


change (LUC) factors in products’ carbon intensity (CI) scores. These LUC scores provide a 
conservative view of the potential impact from the use of agricultural feedstocks in fuel 
production. Illustrating the conservative nature of these factors, Figure 1 below shows that 
potential land-use change impacts have been declining for decades. 
 


 


Figure 1, 1 


The RFS Includes Traceability Requirements 
It is important to note that the federal Renewable Fuel Standard (RFS) offers safeguards 
against potential adverse effects owing to land use change. Efforts to include similar traceability 
requirements in the LCFS would be duplicative of federal requirements.  The RFS requires that 
land must have been in productive use as of December 19, 2007, to demonstrate that land use 
has not changed because of the RFS. Biofuel producers sourcing crop-based feedstock in the 
U.S. and Canada are not required to submit traceability documentation to the point of origin so 
long as the total crop acreage in a given year does not exceed total acreage determined in 2007 
(the first year of compliance for the RFS).  In setting the annual renewable volume obligations, 
U.S. Environmental Protection Administration (EPA), in collaboration with the U.S. Department 
of Agriculture (USDA), determines the amount of crop acres each year. In no year since the 
RFS was established has crop acreage exceeded that of 2007. The RFS requires “map and 
track” traceability requirements for biofuel producers sourcing crop-based feedstocks cultivated 
outside of the U.S. and Canada. Crop-based biofuels that participate in the LCFS also 
participate in the RFS and would be subject to federal traceability. 


 
1 htps://globalcarbonbudget.org/wp-content/uploads/GCP_CarbonBudget_2022_slides_v1.0.pdf  



https://globalcarbonbudget.org/wp-content/uploads/GCP_CarbonBudget_2022_slides_v1.0.pdf
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In addition, the RFS prohibits the use of certain feedstocks and fuels derived from these 
feedstocks from participating in the program. The RFS defines what feedstocks may be 
considered sources of renewable biomass and what fuels derived from renewable biomass may 
be eligible to participate.  Through this process, fuels derived from certain feedstocks, such as 
palm oil and palm oil derivatives, are ineligible to generate biomass-based diesel RINs.   
Relying on the federal definition of renewable biomass, and the eligibility of fuels derived from 
these feedstocks to participate in the program, would preclude the need for an exhaustive list of 
eligible feedstocks under the LCFS program.  


If CARB implements any new guardrails, then to avoid conflicts with the national program, any 
fuels participating in the RFS program should be exempted. 


 


Specified Source Feedstock Attestations Are Unnecessary 
Both the RFS and LCFS currently require significant documentation for feedstock sourcing, 
including detailed chain-of-custody records, in addition to third-party audits. The RFS 
specifically requires point of origin documentation for these feedstocks. Additional attestation 
requirements are duplicative.  


As written, these new requirements have the potential to add considerable burden to feedstock 
supply chains. It is not clear which feedstock producers, distributors, or users would be required 
to maintain attestations or which operating conditions require them. It should also be made clear 
that this would be a recordkeeping requirement only and not akin to a product transfer 
document. We urge CARB to forego these added requirements or at least work more closely 
with feedstock producers and suppliers to clarify the purpose and nature of these new 
requirements. 


U.S. Crop Acreage is Declining 
There is little evidence that biofuels policies are linked with land use change in the United 
States. Recent USDA research indicates that total crop acreage has declined since 2007, 
illustrating that land use change owing to biofuel production is not occurring. Modest expansion 
of corn and soybean acres has been facilitated by the conversion of hay and wheat acres and 
land coming out of the conservation reserve program.2 
 
 


 
2 htps://www.epa.gov/system/files/documents/2022-03/biofuel-ghg-model-workshop-cropland-paterns-2022-02-
28.pdf 



https://www.epa.gov/system/files/documents/2022-03/biofuel-ghg-model-workshop-cropland-patterns-2022-02-28.pdf

https://www.epa.gov/system/files/documents/2022-03/biofuel-ghg-model-workshop-cropland-patterns-2022-02-28.pdf
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Figure 2 3 


The 2022 Census of Agriculture recently released by USDA concludes that the U.S. has lost 21 
million acres between 2017 and 2022 and lost 63 million acres since 1997. According to 
America’s Farmland Trust, urbanization is a leading cause of lost crop acreage in the U.S. 4 
Meanwhile, yields from U.S. soybean cultivation (the leading crop-based feedstock used to 
produce biomass-based diesel) have increased, indicating that more crops may be produced for 
a given area of land. According to the USDA, soybean yields, measured by bushels per acre, 
expanded by 35% between 1989 and 2020.5 In summary, the United States grows more crops 
on less land every year.  


 


 
3 htps://www.nass.usda.gov/AgCensus/  
4 htps://theworld.org/stories/2020-08-07/us-lost-11-million-acres-farmland-development-past-2-decades)  
5 htp://soystats.com/u-s-yield-produc�on-yield-history/ 



https://www.nass.usda.gov/AgCensus/

https://theworld.org/stories/2020-08-07/us-lost-11-million-acres-farmland-development-past-2-decades

http://soystats.com/u-s-yield-production-yield-history/
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Figure 3 6 


 


 
Figure 4, 7 


 
6 htps://farmdocdaily.illinois.edu/2021/06/es�ma�ng-total-crop-acres-in-the-us.html  
7 htps://twiter.com/AlecStapp/status/1615384716361728000/photo/1 



https://farmdocdaily.illinois.edu/2021/06/estimating-total-crop-acres-in-the-us.html

https://twitter.com/AlecStapp/status/1615384716361728000/photo/1
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Figure 5, 8 


Conclusion 
Additional traceability requirements are unnecessary under the LCFS program.  As nearly all 
crop-based biofuels produced or imported into the U.S. participate in the federal RFS program, 
the aggregate compliance approach under the RFS offers effective assurance that biofuels 
policy is not linked to land use change.  This approach also requires traceability requirements 
for feedstock sourced outside of the U.S. and Canada and imported biofuels produced from 
these feedstocks. Data provided in these comments demonstrates that crop land in the U.S. is 
declining owing largely to urbanization while yields on many crops are expanding. Thanks to 
agricultural innovations and smart farming practices we can grow more feedstocks on a 
diminishing amount of land to meet both biofuel and food demands. 


 


Sincerely, 


 


 
8 USDA - Na�onal Agricultural Sta�s�cs Service - Charts and Maps - Soybeans: Yield by Year, US 



https://www.nass.usda.gov/Charts_and_Maps/Field_Crops/soyyld.php
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Executive Summary 
 


For this program, two fuels, namely an E10 and E15, were tested on twenty 2016 and newer 


modern gasoline fueled vehicles over triplicate Federal Test Procedure (FTP) cycles. The E10 fuel 


was a California Reformulated Gasoline. The summer-grade E10 fuel was sourced from four (4) 


different refineries that were selected by CARB. The E10 fuels were blended together in four equal 


parts to create the final E10 fuel. The E15 fuel was created by splash blending denatured ASTM 


D4806 fuel grade ethanol with the final E10 fuel. Testing was performed on twenty light-duty 


gasoline vehicles that included a mixture of technologies, such as gasoline direct injection (GDI), 


port fuel injection (PFI) as well as PFI+GDI fuel systems that are representative of the current 


California gasoline fleet. One hybrid electric vehicle (HEV) equipped with a PFI engine was also 


used. The vehicle test matrix had provisions for five vehicles on each emissions standards category 


(i.e., SULEV30, ULEV50, ULEV70, and ULEV125). 


 


Emissions measurements were conducted in CE-CERT’s new state-of-the-art Light-Duty 


Laboratory (LDL) according to the U.S. EPA protocols for light-duty emission testing as given in 


the CFR, Title 40, Part 1065/1066. Measurements included regulated emissions of NOx, CO, THC, 


NMHC, CO2, CH4, and PM mass. Gravimetric PM mass samples were collected for each of the 


three individual phases of the FTP (i.e., cold-start, hot-running, and hot-start) and weighted PM 


mass over FTP cycle was calculated based on PM mass data from each phase of the FTP. Real-


time soot mass or black carbon emissions were measured using an AVL Micro-Soot Sensor (MSS). 


Solid particle number emissions were measured according to the European Particle Measurement 


Programme (PMP) from the CVS tunnel using a AVL Particle Counter (APC plus) with a cut-off 


particle diameter of 23 nm. Carbonyl compounds (aldehydes and ketones) were sampled on 2,4-


dinitrophenylhydrazine (DNPH) coated silica cartridges from the main CVS tunnel using a mass 


flow controller to regulate the flow to 1 L/min through the cartridge. Hydrocarbon species and 


ethanol were collected using a 6 L specially prepared SUMMA passivated canister, which was 


connected to the CVS system. Analysis of the hydrocarbon species was conducted using a Gas 


Chromatography/Mass Spectrometry/Flame Ionization Detector (GC/MS/FID) analytical system 


according to the EPA TO-12/PAMS and EPA TO-15A methods. Nitrous oxide (N2O) and 


ammonia (NH3) emissions were measured at the tailpipe using a Horiba FTX-ONE-CS Fourier 


Transform Infrared (FTIR) system. 


 


Statistical analyses for each pollutant were run using the Mixed procedure in PC/SAS from SAS 


Institute, Inc. Mixed models are a type of model that include both fixed and random factors. The 


fuel type was treated as a fixed factor in the model, while vehicles were treated as a random factor. 


The pollutants of phase 1, phase 2, phase 3, and weighted THC, phase 1, phase 2, and phase 3 


NMHC, phase 2 CO, phase 2, phase 3, and weighted NOx, phase 2 and phase 3 PM mass, weighted 


fuel economy, weighted solid particle number, 1,3-butadiene, benzene, toluene, ethanol, 


formaldehyde, and acetaldehyde were all analyzed on the original scale. All the other emissions 


(weighted NMHC, phase 1, phase 3, and weighted CO, phase 1 NOx, phase 1 and weighted PM 


mass, m/p-xylenes, o-xylene, and ethylbenzene) were analyzed on the original natural log scale. 


For some variables that include zeros or negative values, a constant was added to the original value 


before taking the logarithm. 
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The results for the regulated emissions, fuel economy, particulates, and toxics are summarized in 


Table ES-1 and Table ES-2. Table ES-1 shows the statistical comparison between E10 and E15 


for all vehicles by FTP phase or bag, whereas Table ES-2 shows the statistical comparisons for the 


weighted emissions. For the statistical analyses, results are statistically significant for p ≤ 0.05 or 


marginally statistically significant for 0.05 < p ≤ 0.1. The fleet of twenty vehicles showed 


statistically significant effects for some pollutants, but not for others. NOx emissions, a target 


pollutant of concern for this program, did not show any statistically significant difference between 


the fuels for the FTP and nor for each individual FTP phase.  


 


Cold-start and weighted THC emissions showed statistically significant reductions of 6% and 5%, 


respectively, for E15 compared to E10. For the cold-start NMHC emissions, E15 showed a 7% 


statistically significant reduction compared to E10, while for the hot-start NMHC emissions, E15 


showed a 15% marginally statistically significant reduction compared to E10. The weighted 


NMHC emissions showed a marginally statistically significant reduction of 9% for E15 compared 


E10. 


 


Cold-start and hot-start CO emissions showed statistically significant reductions of 12% and 27%, 


respectively, for E15 compared to E10. The weighted CO emissions showed a statistically 


significant reduction of 17% for E15 compared to E10 across the fleet of 20 vehicles. 


 


Hot-start CO2 emissions showed a marginally statistically significant reduction of 0.3 % for E15 


compared to E10. Carbon-balance weighted fuel economy showed a statistically significant 


reduction of 1% for E15 compared to E10 across the fleet of 20 vehicles. 


 


The PM mass showed strong, statistically significant fuel trends over the entire FTP cycle and each 


individual phase. For the cold-start and hot-running phases, PM mass emissions showed 


statistically significant reductions of 16% and 54%, respectively, for E15 compared to E10. Hot-


start PM mass emissions were 43% lower for E15 compared to E10, at a marginally statistically 


significant level. The weighted PM mass emissions showed a statistically significant reduction of 


18% for E15 compared to E10 across the fleet of 20 vehicles. 


 
Only the weighted solid particle number (SPN) emissions were included in the statistical analyses. 


Results showed that E15 was 12% lower than E10, at a statistically significant level. 


 


For the BTEX and 1,3-butadiene emissions, only ethylbenzene, m/p-xylenes and o-xylene 


emissions showed statistically significant results between the fuels. For cumulative ethylbenzene 


emissions, E15 showed a statistically significant reduction of 11% compared to E10. For 


cumulative m/p-xylenes and o-xylene emissions, E15 showed marginally statistically significant 


reductions of 10% and 9%, respectively, compared to E10. The cumulative ethanol emissions 


showed a strong, statistically significant increase of 77% for E15 compared to E10. The cumulative 


acetaldehyde emissions also showed a strong, statistically significant increase of 31% for E15 


compared to E10 across the fleet of 20 vehicles. 


 


Calculated NMOG and ozone forming potential (OFP) emissions data were not included in the 


comprehensive statistical analysis, but were examined for fuel effects using a two-sample equal 


variance t-test. Both NMOG emissions and OFP showed statistically significant fuel effects for 
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some vehicles, but not for others. Overall, NMOG emissions trended lower for E15 compared to 


E10. Similar to NMOG, OFP showed a decreasing trend for E15 compared to E10, indicating that 


the introduction of E15 in the California gasoline market will likely not contribute to increases in 


ozone formation. 
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Table ES-1 Summary of Statistical Comparisons for E10 and E15 by Bag 


 Bag 1 (Cold-start) Bag 2 (Hot-running) Bag 3 (Hot-start) 


NOx Least Square Means 


g/mi E10 E15 E10 E15 E10 E15 


 0.0230 0.0215 0.00271 0.00258 0.00411 0.00349 


 Statistical Analysis 


 E15 7% lower than E10 


Not Significant (p=0.315) 


E15 5% lower than E10  


Not Significant (p=0.603) 


E15 15% lower than E10 


Not Significant (p=0.462) 


THC Least Square Means 


g/mi E10 E15 E10 E15 E10 E15 


 0.0621 0.0583 0.00178 0.00157 0.00646 0.00644 


 Statistical Analysis 


 
E15 6% lower than E10 


Statistically Significant 


(p=0.0315) 


E15 12% lower than E10  


Not Significant (p=0.136)                             


E15 0.3% lower than E10 


Not Significant (p=0.954) 


NMHC Least Square Means 


g/mi E10 E15 E10 E15 E10 E15 


 0.0488 0.0456 0.000330 0.000280 0.00175 0.00148 


 Statistical Analysis 


 
E15 7% lower than E10 


Statistically Significant 


(p=0.0340) 


E15 15% lower than E10  


Not Significant (p=0.567) 


E15 15% lower than E10 


Marginally Statistically 


Significant (p=0.0694) 


CO Least Square Means 


g/mi E10 E15 E10 E15 E10 E15 


 1.08 0.954 0.00600 0.00576 0.292 0.214 


 Statistical Analysis 


 


E15 12% lower than 


E10  


Statistically Significant 


(p=0.0113) 


E15 4% lower than E10  


Not Significant (p=0.893) 


E15 27% lower than E10 


Statistically Significant 


(p=0.00450) 


CO2 Least Square Means 


g/mi E10 E15 E10 E15 E10 E15 


 363 361 352 355 311 310 


 Statistical Analysis 


 E15 1% lower than E10 


Not Significant (p=0.336) 


E15 1% higher than E10  


Not Significant (p=0.202) 


E15 0.3% lower than E10 


Marginally Statistically 


Significant (p=0.0746) 


PM 


Mass 
Least Square Means 


mg/mi E10 E15 E10 E15 E10 E15 


 3.34 2.79 0.0293 0.0134 0.0727 0.0417 
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 Statistical Analysis 


 


E15 16% lower than 


E10  


Statistically Significant 


(p=0.0194) 


E15 54% lower than E10 


Statistically Significant 


(p=0.0221) 


E15 43% lower than E10 


Marginally Statistically 


Significant (p=0.0794) 


 


 


Table ES-2 Summary of Statistical Comparisons for E10 and E15 for the Weighted and 


Cumulative Emissions 


 Weighted 


NOx Least Square Means 


g/mi E10 E15 


 0.00737 0.00713 


 Statistical Analysis 


 E15 3% lower than E10 Not Significant (p=0.500) 


THC Least Square Means 


g/mi E10 E15 


 0.0161 0.0153 


 Statistical Analysis 


 E15 5% lower than E10 Statistically Significant (p=0.0216) 


NMHC Least Square Means 


g/mi E10 E15 


 0.0127 0.0116 


 Statistical Analysis 


 E15 9% lower than E10 Marginally Statistically Significant (p=0.0875) 


CO Least Square Means 


g/mi E10 E15 


 0.333 0.277 


 Statistical Analysis 


 E15 17% lower than E10 Statistically Significant (p=0.0196) 


CO2 Least Square Means 


g/mi E10 E15 


 343 344 


 Statistical Analysis 


 E15 0.3% higher than E10 Not Significant (p=0.779) 


Fuel Economy Least Square Means 


mpg E10 E15 


 26.7 26.4 
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 Statistical Analysis 


 E15 1% lower than E10 Statistically Significant (p=0.00920) 


PM Mass Least Square Means 


mg/mi E10 E15 


 0.858 0.700 


 Statistical Analysis 


 E15 18% lower than E10 Statistically Significant (p=0.0275) 


SPN Least Square Means 


#/mile E10 E15 


 9.58E+11 8.39E+11 


 Statistical Analysis 


 E15 12% lower than E10 Statistically Significant (p=0.00690) 


1,3-Butadiene 


mg/mi 


Least Square Means 


E10 E15 


 0.0251 0.0252 


 Statistical Analysis 


 E15 0.4% higher than E10 Not Significant (p=0.919) 


Benzene Least Square Means 


mg/mi E10 E15 


 0.871 0.874 


 Statistical Analysis 


 E15 0.3% higher than E10 Not Significant (p=0.966) 


Toluene Least Square Means 


mg/mi E10 E15 


 0.894 0.982 


 Statistical Analysis 


 E15 10% higher than E10 Not Significant (p=0.551) 


Ethylbenzene Least Square Means 


mg/mi E10 E15 


 0.231 0.205 


 Statistical Analysis 


 E15 11% lower than E10 Statistically Significant (p=0.0498) 


m/p-xylenes Least Square Means 


mg/mi E10 E15 


 0.739 0.666 


 Statistical Analysis 


 E15 10% lower than E10 Marginally Statistically Significant (p=0.0649) 


o-xylene Least Square Means 







 


 xi 


mg/mi E10 E15 


 0.254 0.231 


 Statistical Analysis 


 E15 9% lower than E10 Marginally Statistically Significant (p=0.0504) 


Ethanol Least Square Means 


mg/mi E10 E15 


 0.468 0.828 


 Statistical Analysis 


 E15 77% higher than E10 Statistically Significant (p=0.00870) 


Formaldehyde Least Square Means 


mg/mi E10 E15 


 0.209 0.226 


 Statistical Analysis 


 E15 8% higher than E10 Not Significant (p=0.439) 


Acetaldehyde Least Square Means 


mg/mi E10 E15 


 0.284 0.373 


 Statistical Analysis 


 E15 31% higher than E10 Statistically Significant (p<0.0001) 


* Bold values are statistically significant p ≤ 0.05; Underlined values are marginally statistically significant 0.05 < p 


≤ 0.10 
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1 Introduction 
 


The primary objective of this program is to better understand the impact of increasing ethanol 


blending on gaseous and particulate emissions from current gasoline direct injection (GDI) and 


port fuel injection (PFI) light-duty vehicles in California. For this project, two fuels, namely an 


E10 and E15, were tested on twenty 2016 and newer modern gasoline fueled vehicles over 


triplicate FTP cycles. Measurements included regulated emissions, fuel economy, PM mass, 


particle number, black carbon, and emissions of benzene, toluene, ethylbenzene, xylene isomers, 


1,3-butadiene, ethanol, and carbonyl compounds.  


  


2 Experimental Procedures 
 


2.1 Test Fuels 


Two fuels were used in this program, namely an E10 and an E15 fuel. The E10 fuel was a 


California Reformulated Gasoline. The summer-grade E10 fuel was sourced from four (4) different 


refineries that were selected by CARB. Three refineries were in the South Coast Air Basin (SCAB) 


and one refinery was in the Northern California (Bay Area). The SCAB refineries included PBF 


Energy (Los Angeles), Phillips 66 (Los Angeles), and Marathon (Wilmington). The Bay Area 


refinery was Chevron (Richmond). The E10 fuels from all four refineries were collected by C3 


Fuels, LLC, a local fuels supplier located in SCAB specializing in supplying certification fuels, 


commercial fuels, and primary reference fuels. E10 fuel samples from each refinery were collected 


by C3 Fuels and provided to CE-CERT for storage. The E10 samples from each refinery have been 


stored in refrigerated conditions, if additional fuel properties analyses are requested by the 


sponsors. 


 


The E10 fuels were blended together in four equal parts by C3 Fuels to create the final E10 fuel. 


The E15 fuel was created by splash blending denatured ASTM D4806 fuel grade ethanol with the 


final E10 fuel. Blending took place at C3 Fuels facility in Compton, CA. Denatured ethanol (E98) 


meeting ASTM D4806 Standard Specification for Denatured Fuel Ethanol for Blending with 


Gasolines for Use as Automotive Spark-Ignition Engine Fuel was supplied in-kind by Aemetis Inc. 


(ethanol facility Keyes, CA). A sample of the denatured ethanol was collected by UCR staff and 


analyzed for fuel properties at Southwest Research Institute (SwRI) in San Antonio, TX. 


 


Three samples from three separate drums of E10 fuel and three samples from three separate drums 


of E15 fuel were collected by UCR staff and shipped to SwRI for fuel property analysis and 


detailed hydrocarbon analysis (DHA). All samples were tested for fuel properties according to the 


ASTM D4814-21c Standard Specification for Automotive Spark-Ignition Engine Fuel. Table 2-1 


lists the fuel properties and test methods for each of the three E10 and E15 fuel samples analyzed 


at SwRI. Table 2-2 lists the average fuel properties for E10 and E15 fuels. Table 2-3 shows the 


properties and test methods for the denatured ethanol sample analyzed at SwRI. 


 


 


  







 


 2 


 


Table 2-1 Main Physicochemical Properties of the Test Fuels for Each Drum 


 Property 
Test 


Method 
 Unit 


E10 


Drum#2 


E10 


Drum#3 


E10 


Drum#4 


E15 


Drum#1 


E15 


Drum#2 


E15 


Drum#3 


RVP (EPA Equation) D5191 psi 7.43 7.44 7.41 7.33 7.35 7.36 


DVPE (ASTM Equation)   psi 7.31 7.32 7.28 7.20 7.22 7.23 


CARVP (California 


Equation) 
  psi 7.20 7.21 7.17 7.09 7.11 7.12 


Research Octane Number D2699Mdp ON 91.10 91.20 91.10 94.10 93.40 93.40 


Motor Octane Number D2700Mdp ON 83.60 83.50 83.50 85.10 85.10 85.00 


API Gravity D4052   59.15 59.15 59.15 58.48 58.48 58.48 


Specific Gravity     0.74 0.74 0.74 0.74 0.74 0.74 


Density at 15C   g/ml 0.74 0.74 0.74 0.74 0.74 0.74 


Heat of Combustion, Gross D4809 BTU/lb. 19255.00 19264.00 19274.00 18883.00 18862.00 18887.00 


    MJ/kg 44.79 44.81 44.83 43.92 43.87 43.93 


    cal/g 10697.20 10702.50 10707.80 10490.60 10478.90 10492.80 


Heat of Combustion, Net   BTU/lb. 17970.00 17980.00 17996.00 17609.00 17592.00 17615.00 


    MJ/kg 41.80 41.82 41.86 40.96 40.92 40.97 


    cal/g 9983.60 9989.20 9998.10 9782.80 9773.30 9786.10 


Methanol D4815 Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


Ethanol   Vol% 9.61 9.70 9.68 14.54 14.59 14.21 


Isopropanol   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


tert-Butanol   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


n-Propanol   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


Methyl tert-butyl ether   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


sec-Butanol   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


Diisopropylether   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


Isobutanol   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


Ethyl tert-butyl ether   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


tert-Pentanol   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


n-Butanol   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


tert-amyl methyl ether   Vol% <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 


Total Oxygen   wt.% 3.57 3.60 3.59 5.38 5.40 5.26 


Carbon D5291 CH wt.% 82.80 82.76 82.85 81.08 80.71 80.93 


Hydrogen   wt.% 14.08 14.08 14.00 13.96 13.92 13.94 


Sulfur D5453 ppm 6.23 5.79 6.74 4.47 4.62 4.33 


Benzene D5580 Vol% 0.59 0.60 0.60 0.56 0.56 0.56 


Toluene   Vol% 4.03 4.04 4.04 3.81 3.81 3.81 


Ethylbenzene   Vol% 0.94 0.94 0.94 0.89 0.89 0.89 


p,m-Xylene   Vol% 3.85 3.85 3.85 3.65 3.65 3.64 
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o-Xylene   Vol% 1.36 1.36 1.37 1.29 1.29 1.29 


C9 plus Aromatics   Vol% 8.73 8.74 8.74 8.27 8.27 8.25 


Total Aromatics   Vol% 19.52 19.53 19.53 18.47 18.47 18.45 


Olefin D6550 Mass % 5.00 5.00 5.10 4.60 4.70 4.60 


Distillation D86               


IBP   degF 100.80 101.90 102.20 101.90 102.90 102.00 


5%   degF 129.20 130.00 129.40 130.70 128.50 128.70 


10%   degF 134.80 135.80 135.40 136.80 135.80 135.40 


15%   degF 138.60 139.30 139.30 140.70 139.80 139.40 


20%   degF 142.30 143.10 142.70 144.30 143.40 143.10 


30%   degF 148.80 149.70 149.10 150.80 150.50 149.80 


40%   degF 156.40 157.70 157.70 156.40 156.30 155.50 


50%   degF 204.10 205.30 204.10 162.00 161.80 159.60 


60%   degF 227.50 228.50 228.20 219.40 219.10 218.40 


70%   degF 248.10 249.40 248.60 244.70 244.80 242.50 


80%   degF 274.80 275.70 275.10 272.60 271.50 269.80 


90%   degF 313.70 314.20 313.00 310.50 310.90 310.10 


95%   degF 341.80 342.60 341.80 340.60 339.30 338.80 


Final Boiling Point   degF 392.60 397.00 392.60 394.80 394.20 392.80 


Recovered   mL 99.00 99.20 99.00 98.80 97.90 98.50 


Residue   mL 0.70 0.70 0.70 0.70 0.70 0.70 


Loss   mL 0.30 0.10 0.30 0.50 1.40 0.80 


Particulate matter Index     1.15 1.16 1.16 1.07 1.11 1.10 
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Table 2-2 Average Physicochemical Properties of the E10 and E15 Test Fuels 


Property 
Test 


Method 
Unit  E10-avg E15-avg CaRFG3 (Flat limits) 


RVP (EPA Equation) D5191 psi 7.43 7.35 7.00 


DVPE (ASTM Equation)   psi 7.30 7.22  


CARVP (California Equation)   psi 7.19 7.11  


Research Octane Number D2699Mdp ON 91.13 93.63  


Motor Octane Number D2700Mdp ON 83.53 85.07  


API Gravity D4052   59.15 58.48  


Specific Gravity     0.74 0.74  


Density at 15C   g/ml 0.74 0.74  


Heat of Combustion, Gross 


D4809 BTU/lb. 19264.33 18877.33  


  MJ/kg 44.81 43.91  


  cal/g 10702.50 10487.43  


Heat of Combustion, Net 


  BTU/lb. 17982.00 17605.33  


  MJ/kg 41.83 40.95  


  cal/g 9990.30 9780.73  


Methanol D4815 Vol% <0.2 <0.2  


Ethanol   Vol% 9.66 14.45  


Isopropanol   Vol% <0.2 <0.2  


tert-Butanol   Vol% <0.2 <0.2  


n-Propanol   Vol% <0.2 <0.2  


Methyl tert-butyl ether   Vol% <0.2 <0.2 0.05 


sec-Butanol   Vol% <0.2 <0.2  


Diisopropylether   Vol% <0.2 <0.2  


Isobutanol   Vol% <0.2 <0.2  


Ethyl tert-butyl ether   Vol% <0.2 <0.2  


tert-Pentanol   Vol% <0.2 <0.2  


n-Butanol   Vol% <0.2 <0.2  


tert-amyl methyl ether   Vol% <0.2 <0.2  


Total Oxygen   wt.% 3.59 5.35 1.80 – 2.20 


Carbon D5291 CH wt.% 82.80 80.91  


Hydrogen   wt.% 14.05 13.94  


Sulfur D5453 ppm 6.25 4.47 20.00 (ppm by weight) 


Benzene D5580 Vol% 0.60 0.56 0.80 


Toluene   Vol% 4.04 3.81  


Ethylbenzene   Vol% 0.94 0.89  


p,m-Xylene   Vol% 3.85 3.65  


o-Xylene   Vol% 1.36 1.29  


C9 plus Aromatics   Vol% 8.74 8.26  


Total Aromatics   Vol% 19.53 18.46 25.00 
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Olefin D6550 Mass % 5.03 4.63 6.00 (Vol%) 


DHA D6730   File attached File attached  


Distillation D86        


IBP   degF 101.63 102.27  


5%   degF 129.53 129.30  


10%   degF 135.33 136.00  


15%   degF 139.07 139.97  


20%   degF 142.70 143.60  


30%   degF 149.20 150.37  


40%   degF 157.27 156.07  


50%   degF 204.50 161.13 213.00 


60%   degF 228.07 218.97  


70%   degF 248.70 244.00  


80%   degF 275.20 271.30  


90%   degF 313.63 310.50 305.00 


95%   degF 342.07 339.57  


Final Boiling Point   degF 394.07 393.93  


Recovered   mL 99.07 98.40  


Residue   mL 0.70 0.70  


Loss   mL 0.23 0.90  


Particulate Matter Index     1.15 1.10  
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Table 2-3 Denatured Ethanol Properties  


Property Test method Unit Denatured Ethanol 
Denatured ethanol 


(ASTM D 4806-99) 


Acidity D1613 mgKOH/g 0.04  


Acidity as Acetic Acid D1613 wt.% 0.00 0.007 


Copper D1688 M mg/L <0.05 0.10 (mg/kg) 


Unwashed Gum D381 mg/100 mL 0.50  


Washed Gum D381 mg/100 mL <0.5 5.00 


Clear and Bright D4176  Pass  


Particulate D4176  Pass  


Free Water D4176  Pass  


Haze Rating D4176  1.00  


Temperature of Sample D4176 °C 6.00  


Sulfur D5453 ppm 0.75  


Ethanol D5501 Vol% 97.49 92.10 


Methanol D5501 Vol% 0.02 0.50 


pHe D6423  8.55 6.50 – 9.00 


Total Chloride D7319 ppm <0.5 
40.00 (Mass ppm, 


inorganic) 


Total Sulfate D7319 ppm <0.5  


Potential Sulfate D7319 ppm <1.0  


Olefin Content D7347 mass% <0.1  


Benzene D7576 Vol% 0.01  


Toluene D7576 Vol% <0.01  


Ethylbenzene D7576 Vol% <0.01  


p,m-Xylene D7576 Vol% <0.01  


o-Xylene D7576 Vol% <0.01  


C9 plus Aromatics D7576 Vol% <0.01  


Total Aromatics D7576 Vol% <0.29  


Water E1064 wt.% 0.69 1.00 (Vol%) 


 


2.2 Test Vehicles 


 


Twenty light-duty vehicles were acquired for testing. The original vehicle list was selected by 


CARB in order to provide a wide range of makes, models, technology standards, and size. Some 


of the vehicles in the original list were difficult to acquire, so it was necessary for these vehicles 


to be replaced with vehicles of the same emissions technology standards, as well as match injection 


type, size, and model year to the extent possible. All changes have been reviewed by the program 


sponsors and finally, approved by CARB. A list of the vehicles that were used for this testing is 


provided in Table 2-4. The test matrix included 11 vehicles with gasoline direct injection (GDI), 


six (6) vehicles with port fuel injection (PFI) as well as two (2) PFI+GDI fuel systems that are 


representative of the current California gasoline fleet. One hybrid electric vehicle (HEV) equipped 


with a PFI engine was also used. All vehicles were equipped with three-way catalysts (TWCs). 
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For this program, each category (i.e., SULEV30, ULEV50, ULEV70, and ULEV125) included 


five (5) vehicles. 


 


The test matrix included a mix of different manufacturers and passenger cars. The test matrix 


included 9 vehicles from domestic manufacturers (GM, Ford, and FCA) and 11 vehicles from 


foreign manufacturers (Kia, Honda, Nissan, Toyota, Mazda and Hyundai). The vehicles also 


represented a range of different engine displacements.  


 


The vehicles were certified to meet the Federal Tier 3 exhaust emission standards or the California 


LEV-III, SULEV exhaust emissions standards.  


 


The primary source for vehicles was rental fleets. Vehicles were also sourced from private 


dealerships operated in the greater Riverside area, from UCR’s fleet services, and from private 


sources through long-term loan agreements. Vehicle odometers at the onset of testing ranged from 


4,073 miles (Chevrolet Spark) to 74,339 miles (Mazda 3). All vehicles acquired for testing were 


inspected to ensure that they were in sound mechanical and operational condition using a standard 


checklist provided in Appendix A.  


 


All vehicles were tested in their original configuration, with no lubricant oil changes prior to the 


emissions testing. 
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Table 2-4 Test Vehicle Specifications 


 


  


 
PFI#1 GDI#1 PFI#2 PFI#3 PFI+GDI#


1 


GDI#2 GDI#3 GDI#4 GDI#5 PFI#4 GDI#6 PFI#5 GDI#7 PFI_Hybri


d#1 


GDI#8 GDI#9 GDI#10 PFI+GDI#


2 


PFI#6 GDI#11 


Year 2019 2018 2020 2016 2019 2018 2016 2020 2019 2021 2020 2020 2020 2020 2020 2020 2021 2017 2021 2018 


Make Dodge Honda Jeep Nissan Toyota Honda Mazda Ford Chevrolet Chevrolet KIA Jeep Nissan Toyota GMC Buick Chevrolet Ford Hyundai Chevrolet 


Model Ram1500 Fit Compass Rogue Rav4 Civic Mazda3 Fusion Impala Spark Optima Cherokee Armada Prius Acadia Enclave Colorado F-150 Accent Suburban 


vehicle 


class 


(EPA) 


LDT LDV LDT LDT1 LDT1 LDV LDV LDV LDV LDV LDV LDT LDT4 LDV LDT LDT LDT LDT LDV LDT 


Miles at 


start (mi) 


32234 35547 29174 63491 37329 35776 74339 33029 25728 4073 29377 23272 32731 10015 34942 32621 17603 7352 12226 34477 


Engine 


size (L) 


5.7 1.5 2.4 2.5 2.5 1.5 2.5 2 3.6 1.4 2.4 3.6 5.6 1.8 3.6 3.6 3.6 3.5 1.6 5.3 


Fuel 


injection 


type 


PFI GDI PFI PFI GDI+PFI GDI GDI GDI GDI PFI GDI PFI GDI PFI GDI GDI GDI GDI+PFI PFI GDI 


AIR 


system 


Naturally 


aspirated 


Naturally 


aspirated 


Naturally 


aspirated 


Naturally 


aspirated 


Naturally 


aspirated 


Turbo-


charged 


Naturally 


aspirated 


Turbo-


charged 


Naturally 


aspirated 


Naturally 


aspirated 


Naturally 


aspirated 


Naturally 


aspirated 


Naturally 


aspirated 


Naturally 


aspirated 


Naturally 


aspirated 


Naturally 


aspirated 


Naturally 


aspirated 


Turbo-


charged 


Naturally 


aspirated 


Naturally 


aspirated 


Number 


of 


cylinders 


8 4 4 4 4 4 4 4 6 4 4 6 8 4 6 6 6 6 4 8 


Engine 


compressi


on ratio 


10.5-1 11.5:1 10:1 10:1 13:1 10.3:1 13:1 9.3:1 11.5:1 10.6:1 11.3:1 10.2:1 11.2:1 13:1 11.5:1 11.5:1 11.5:1 10.5:1 11.2:1 11:1 


Emission 


standard 


USEPA: 


T3 B70 


CA: 


ULEV70 


USEPA: 


T3B30 


CA: 


SULEV30 


PC 


USEPA: 


T3 B50   


CA: 


ULEV50 


USEPA: 


For sale 


only in 


states with 


California 


emission 


standards 


CA: 


LEV3-


ULEV70 


USEPA: 


T3B50   


CA: 


ULEV50 


USEPA: 


IT3B125   


CA: 


ULEV125 


PC 


USEPA: 


N/A    


CA: 


SULEV30


/PZEV 


USEPA: 


T3B70   


CA: 


ULEV70 


PC 


USEPA: 


TIER3   


CA: 


PC/SULE


V30 


USEPA: 


TIER3   


CA: 


PC/ULEV


70 


USEPA: 


T3B70   


CA: 


ULEV70 


PC 


USEPA: 


T3 B30    


CA: 


SULEV30 


USEPA: 


T3 B125    


CA: 


LEV3-


ULEV125 


USEPA: 


T3 B30    


CA: 


SULEV30 


PC 


USEPA: 


TIER3    


CA: 


ULEV50 


USEPA: 


TIER3     


CA: 


ULEV50 


USEPA: 


TIER3   


CA: 


ULEV50 


USEPA: 


T2B5   


CA: 


ULEV125 


USEPA: 


T3B125   


CA: 


ULEV125 


PC 


USEPA: 


TIER3   


CA: 


ULEV125 


Aftertreat


ment 


systems 


HO2S 


TWC 


WU-TWC 


TWC 


WR-


HO2S 


EGR 


HO2S 


TWC 


WR-


HO2S 


TWC(2) 


HO2S 


WR-


HO2S 


EGR 


EGRC 


WR-


HO2S(2) 


TWC(2) 


TWC 


WR-


HO2S 


HO2S 


TC 


CAC 


TWC 


WU-TWC 


HO2S 


WR-


HO2S 


TWC 


HO2S 


WR-


HO2S 


CAC 


TC 


HO2S 


TWC 


HO2S 


TWC 


WR-


HO2S 


HO2S 


WU-TWC 


TWC 


EGR 


EGRC 


HO2S 


TWC 


2TWC(2) 


2HO2S 


2WR-


HO2S 


 


EGR 


EGRC 


WR-


HO2S 


TWC(2) 


HO2S 


HO2S 


TWC 


HO2S 


TWC 


HO2S 


TWC 


TWC 


WR-


HO2S 


HO2S 


TC 


CAC 


WR-


HO2S 


HO2S 


WU-TWC 


TWC 


EGR 


EGRC 


HO2S 


TWC 
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2.3 Test Sequence, Randomization, and Fuel Conditioning 


 


Each vehicle/fuel combination was tested three times using the Federal Test Procedure (FTP) 


emissions test cycle, which is used for emission certification and fuel economy testing of light-


duty vehicles in the U.S. The entire FTP consists of three segments, including a cold-start transient 


phase (0-505 s), a stabilized or hot-running phase (506-1372 s), a hot-soak phase with the engine 


off (9-10 min), and a hot-start transient phase (0-505 s). The FTP has a duration of 1877 s, total 


distance of 11.04 miles, an average speed of 21.2 mph, and a maximum speed of 56.7 mph. The 


FTP test cycle is shown in Figure 2-1.  


 


 


Figure 2-1. FTP Cycle 


The fuel testing sequence for each vehicle is provided in Table 2-5. The testing order of the fuels 


for each vehicle was randomized, subject to logistical considerations. 
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Table 2-5 Test Matrix Randomization Sequence 


Vehicle  Notation Test Sequence 


Dodge Ram1500 PFI#1 E10 E15 


Honda Fit GDI#1 E10 E15 


Jeep Compass  PFI#2  E10 E15 


Nissan Rogue PFI#3 E15 E10 


Toyota Rav4 PFI+GDI#1  E10 E15 


Honda Civic GDI#2 E15 E10 


Mazda3 GDI#3  E15 E10 


Ford Fusion GDI#4  E15 E10 


Chevrolet Impala GDI#5 E10 E15 


Chevrolet Spark PFI#4  E10 E15 


KIA Optima GDI#6  E10 E15 


Jeep Cherokee PFI#5 E10 E15 


Nissan Armada GDI#7  E15 E10 


Toyota Prius PFI_Hybrid#1  E10 E15 


GMC Acadia GDI#8 E15 E10 


Buick Enclave GDI#9 E10 E15 


Chevrolet Colorado GDI#10 E10 E15 


Ford F-150 PFI+GDI#2  E10 E15 


Hyundai Accent PFI#6  E15 E10 


Chevrolet Suburban GDI#11 E15 E10 


 


Before each test on a specific vehicle/fuel combination, the vehicle was preconditioned with a 


procedure that included a fuel drain and flush, and fill (40%), followed by a highway fuel economy 


test (HWFET) cycle #1, one additional drain and flush, and fill (40%), followed by a HWFET 


cycle #2 and two back-to-back LA4 cycles on the dynamometer. More details on the 


preconditioning procedure are outlined below: 


 


A. Upon receiving the vehicle, CE-CERT’s technical staff checked-in and inspected the vehicle, 


and prepared the vehicle for testing. Vehicle inspection checklist is provided in Appendix A.  


 


B. The existing fuel in the tank was drained from the vehicle and the tank was flushed with the 


first test fuel. The tank was filled 40% full of the test fuel in CE-CERT’s outdoor prep area. 


 


C. Vehicle preconditioning was them performed as specified below using 2 HWFET (highway 


fuel economy test cycles), two back-to-back LA4 cycles, and two additional drain and 40% 


fills, as shown in Figure 2-2 and described in greater detail below. During the prep procedure, 


side fan cooling was applied to the fuel tank. Following the prep cycle, the vehicle was idled 


for two minutes, then shut down in preparation for the soak. After the 12 to 24 hours soak the 


first FTP test cycle was performed.  
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 Vehicle Check-in & 
Inspection


Fuel Drain & Fil l
at 40% #1


Idle/Shake HWFET #1


Fuel Drain & Fil l
at 40% #2


Idle/ShakeHWFET #22 x LA4s


Engine Off Idle/Shake 24-hour Soak FTP #1


24-hour SoakFTP #224-hour SoakFTP #3


 


Figure 2-2. Prep and test procedure 


Fuel Change, Conditioning, and Test Procedure 


1. Drain vehicle fuel completely by disconnecting the fuel fill hose at the tank and then 


inserting a small plastic tube to pump out the residual fuel. Reattach the fuel fill hose.  


2. Turn vehicle ignition to RUN position for 30 seconds to allow controls to allow fuel 


level reading to stabilize. Confirm the return of fuel gauge reading to zero. 


3. Drain fuel, flush tank and refill to 40% with test fuel. Start vehicle and idle for 10 


minutes to purge fuel lines. 


4. Move vehicle in the test lab without starting the engine. Start vehicle and perform a 


HWFET #1 cycle. 


5. Drain fuel again, flush tank and refill to 40% with test fuel. Shake and then allow the 


vehicle to idle for two minutes. 


6. Move vehicle in the test lab without starting the engine. Start vehicle and perform a 


HWFET #2 cycle. 


7. Perform the preconditioning for two back-to-back LA4 cycles. During the prep cycle, 


apply side fan cooling to the fuel tank to alleviate the heating effect of the exhaust 


system. Following the prep cycle, allow the vehicle to idle for two minutes, then shut 


down the engine in preparation for the soak. 


8. Move vehicle to soak area without starting the engine. 


9. Park vehicle in soak area at proper temperature (75°F) for at least 8 hours and no more 


than 24 hours.  


10. Move vehicle to test area without starting engine. 


11. Perform #1 FTP cycle emissions test. 


12. Move vehicle to soak area without starting the engine. 
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13. Park vehicle in soak area of proper temperature for 12-36 hours.  


14. Move vehicle to test area without starting the engine. 


15. Perform #2 FTP emissions test. 


16. Move vehicle to test area without starting the engine. 


17. Park vehicle in soak area of proper temperature for 12-36 hours.  


18. Move vehicle to test area without starting the engine. 


19. Perform #3 FTP emissions test. 


 


D. While performing the FTP test cycle all tailpipe gaseous emissions were measured along with 


instantaneous and gravimetric PM emissions. Fuel economy and GHG emissions (carbon 


dioxide (CO2), nitrous oxide (N2O), and methane (CH4)) were also measured. For particulate 


emissions, characterization included solid particle number (>23 nm in diameter), gravimetric 


PM mass for each individual phase of the FTP cycle, and real-time soot mass emissions.  


E. Additional emission measurements included carbonyl compounds, benzene, toluene, 


ethylbenzene, m/p/o-xylenes, and 1,3-butadiene.  


F. The test matrix was designed to provide for randomization of the test fuels over the test fleet.  


  







 


 13 


2.4 Emissions Testing 


 


Vehicle emissions measurements were conducted in CE-CERT’s new state-of-the-art Light-Duty 


Laboratory (LDL). The centerpiece of this laboratory is an AVL CVS i60 generation AMA SL 


(Slim Line) system using AVL’s iGEM test cell automation software and an AVL dilution tunnel. 


The AVL CVS SL system was used to obtain standard bag measurements for THC, CO, NOx, 


non-methane hydrocarbons (NMHC), CH4, and CO2. The AVL CVS AMA SL system includes a 


flame ionization detection (FID) for THC and NMHC emissions, a methane cutter (Cutter FID SL) 


for CH4 emissions, a chemiluminescence analyzer for NOx emissions, and a non-dispersive 


infrared (NDIR) analyzer for CO and CO2 emissions. All gaseous emissions were determined 


according to the U.S. EPA protocols for light-duty emission testing as given in the CFR, Title 40, 


Part 1065/1066. The LDL is equipped with a 48-inch Burke E. Porter single-roll electric chassis 


dynamometer, capable of testing vehicles weighing up to 12,000 lbs.  


 


Background concentrations were collected and analyzed during each FTP test through the AVL 


AMA system. The AMA system can automatically correct background concentrations for each 


test, following CFR, Title 40, Part 1066.610 protocols. All gaseous regulated emissions are 


reported background corrected. The background correction calculation is shown below: 


 


𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 = 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑑𝑒𝑥ℎ − 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑏𝑘𝑔𝑛𝑑 · (1 − (
1


𝐷𝐹
)) 


 


Where,  


Emissionsdexh = Measured emission concentration in dilute exhaust 


Emissionsbkgnd = Measured emission concentration in dilution air 


DF = Dilution factor  


 


Fuel economy was determined using the carbon mass balance method, as discussed later in the 


report. 


 


Nitrous oxide (N2O) and ammonia (NH3) emissions were measured at the tailpipe using a Horiba 


FTX-ONE-CS Fourier Transform Infrared (FTIR) system with a rate of one scan per 0.2 seconds, 


a cell volume of approximately 65 milliliters, and a pathlength of 2.4 meters. The FTIR has high 


sensitivity, permitting the detection of changes in gas concentration at the ppb (parts per billion) 


volume concentration level. The FTIR sampled from the raw exhaust (before the CVS tunnel). 


 


A schematic of the experimental setup is shown in Figure 2-3.  
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Figure 2-3. Schematic of Experimental Setup 


 


Gravimetric PM mass samples were collected for each of the three individual phases of the FTP 


(i.e., cold-start, hot-running, and hot-start) and weighted PM mass over FTP cycle was calculated 


based on PM mass data from each phase of the FTP. Samples were flow weighted based on CE-


CERT’s new PM sampling system that was built following the procedures in CFR, Title 40, Part 


1066 and associated references in CFR, Title 40, Part 1065. PM samples were collected on 47 mm 


diameter 2 μm pore Teflon filters (Whatman brand) with flow-weighting MFCs and weighed with 


a 1065-compliant ultra-precision microbalance in a temperature and humidity controlled clean 


chamber. Buoyancy corrections for barometric pressure differences were also made for the PM 


filter weights as per CFR, Title 40, Part 1065.  


 


PM mass emissions were reported after background corrections. For this program, a total of six 


(6) blank filters were collected throughout the entire test campaign. The tunnel blank tests were 


performed just like regular FTP tests, except the exhaust sample line was collecting background 


air. Three filters were used to sample each phase of the FTP during the six tunnel blank tests. 


Tunnel blank tests were performed after emissions testing was completed in three vehicles. PM 


mass background correction was calculated based on CFR, Title 40, Part 1066.610: 


𝑃𝑀𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 = 𝑃𝑀𝑑𝑒𝑥ℎ − 𝑃𝑀𝑏𝑘𝑔𝑛𝑑 · (1 − (
1


𝐷𝐹
)) 


 


Where,  


PMdexh = Measured PM mass in dilute exhaust 


PMbkgnd = Measured PM mass in dilution air 


DF = Dilution factor  
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For NMOG emissions, the calculation was derived from the CFR, Title 40, Part 1066.635 NMOG 


Eq. 1066.635-1 equation:  


 


𝑁𝑀𝑂𝐺𝑚𝑎𝑠𝑠 =  𝑁𝑀𝐻𝐶𝑚𝑎𝑠𝑠 − 𝜌𝑁𝑀𝐻𝐶 × (
𝐸𝑡𝑂𝐻𝑚𝑎𝑠𝑠


𝜌𝐸𝑡𝑂𝐻
× 𝑅𝐹𝐸𝑡𝑂𝐻 +


𝐹𝑜𝑟𝑚𝐻𝑂𝑚𝑎𝑠𝑠


𝜌𝐹𝑜𝑟𝑚𝐻𝑂
× 𝑅𝐹𝐹𝑜𝑟𝑚𝐻𝑂 +


𝐴𝑐𝑒𝑡𝐻𝑂𝑚𝑎𝑠𝑠


𝜌𝐴𝑐𝑒𝑡𝐻𝑂
× 𝑅𝐹𝐴𝑐𝑒𝑡𝐻𝑂) + 𝐸𝑡𝑂𝐻𝑚𝑎𝑠𝑠 + 𝐹𝑜𝑟𝑚𝐻𝑂𝑚𝑎𝑠𝑠 + 𝐴𝑐𝑒𝑡𝐻𝑂𝑚𝑎𝑠𝑠  


 


Where,  


 


NMOGmass = mass of non-methane organic gas 


NMHCmass = mass of non-methane hydrocarbon 


EtOHmass = mass of ethanol emissions 


FormHOmass = mass of formaldehyde emissions 


AcetHOmass = mass of acetaldehyde emissions 


ρNMHC  = effective C1-equivalent density of NMHC 


ρEtOH  = C1 equivalent density of ethanol 


ρFromHO = C1 equivalent density of formaldehyde 


ρAcetHO = C1 equivalent density of acetaldehyde.  


RFEtOH = response factor of a THC-FID to ethanol relative to propane on a C1 equivalent basis. 


RFFormHO = response factor of a THC-FID to formaldehyde relative to propane on a C1 equivalent 


basis. 


RFAcetHO = response factor of a THC-FID to acetaldehyde relative to propane on a C1 equivalent 


basis. 


 


Response factors and C1 equivalent densities for ethanol, formaldehyde, and acetaldehyde were 


provided by 40 CFR 1066.845 and 40 CFR 1066.1005 (f) and were utilized in the calculations. 


We excluded all other oxygenates compounds in the equation due to lack of information for the 


response factors and C1 equivalent density of these species. Although acetone was detected, for 


some vehicles, in relatively high concentrations, it was decided to be neglected in the calculation 


of NMOG emissions due to acetone contamination during sample handling and analysis. This 


phenomenon has been reported in a previous study (Sluder and West, 2012). 


 


Real-time soot mass or black carbon emissions were measured using an AVL Micro-Soot Sensor 


(MSS). The MSS 483 is an instrument that measures soot mass concentration at a frequency of 


one Hertz using a photo acoustic detection technique, where the light-absorbing PM components 


(such as soot particles) are exposed to laser light that is periodically modulated at an acoustical 


resonant frequency. Sampling for black carbon emissions was done from the CVS. 


 


Solid particle number emissions were measured according to the European Particle Measurement 


Programme (PMP) from the CVS tunnel using a AVL Particle Counter (APC plus) with a cut-off 


particle diameter of 23 nm. The APC Plus consists of a volatile particle remover (VPR) and a 


particle number counter.  


 


Carbonyl compounds (aldehydes and ketones) were sampled on 2,4-dinitrophenylhydrazine 


(DNPH) coated silica cartridges (Waters Corp., Milford, MA) from the main CVS tunnel using a 


mass flow controller to regulate the flow to 1 L/min through the cartridge. Organic carbonyl 
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compounds react with DNPH-coated silica gel cartridges in the presence of a strong acid to form 


a stable derivative. The DNPH cartridges were eluted with 2 mL of acetonitrile and analyzed with 


a high-performance liquid chromatography, HPLC, (Waters 2690 Alliance System with 996 


Photodiode Array Detector) following the US EPA TO-11A method. A total of six (6) blanks were 


collected throughout the test campaign. For each vehicle, a cumulative sample was collected 


throughout the entire FTP cycle. A list of aldehydes and ketones analyzed is shown in Table 2-6. 


 


Hydrocarbon species were collected using a 6 L specially prepared SUMMA passivated canister, 


which was connected to the CVS system. Analysis of the hydrocarbon species was conducted 


using a Gas Chromatography/Mass Spectrometry/Flame Ionization Detector (GC/MS/FID) 


analytical system according to the EPA TO-12/PAMS and EPA TO-15Amethods. A total of six 


(6) blanks were collected throughout the test campaign. For each vehicle, a cumulative sample was 


collected throughout the whole FTP cycle. Table 2-6 provides a list of species analyzed for this 


program. 


 


Tunnel blanks for the carbonyl compounds and hydrocarbon species were treated and calculated 


in a similar manner as those of the PM mass samples described above. The major difference was 


that tunnel blank tests were performed during the entire duration of the FTP cycle. The calculation 


is shown below, following 40 CFR 1066.610: 


 


𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑠𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 = 𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑠𝑑𝑒𝑥ℎ − 𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑠𝑏𝑘𝑔𝑛𝑑 · (1 − (
1


𝐷𝐹
)) 


 


Where,  


Pollutantsdexh = Measured carbonyls and hydrocarbons mass in dilute exhaust 


Pollutantsbkgnd = Measured carbonyls and hydrocarbons mass in dilution air 


DF = Dilution factor  


 


We used weighted dilution factor (DFw) as DF in the calculation.  


𝐷𝐹𝑤 = (
𝑡1


𝑡1 + 𝑡2 + 𝑡3
) · 𝐷𝐹1 + (


𝑡2


𝑡1 + 𝑡2 + 𝑡3
) · 𝐷𝐹2 + (


𝑡3


𝑡1 + 𝑡2 + 𝑡3
) · 𝐷𝐹3 


 


Where, 


 


t1, t2, t3 = Total time of each phase in FTP cycle 


DFw = Weighted dilution factor 


DF1 = Dilution factor over the first phase of FTP 


DF2 = Dilution factor over the second phase of FTP 


DF3 = Dilution factor over the third phase of FTP 


 


Table 2-6 Carbonyl and Hydrocarbon Species Analysis Methods 


Species  Analysis Methods 


Formaldehyde 


Acetaldehyde 


EPA TO-11A 
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Acetone 


Acrolein 


Propionaldehyde 


Crotonaldehyde 


Methacrolein 


Butyraldehyde 


Methyl Ethyl Ketone (MEK) 


Benzaldehyde 


Valeraldehyde 


m-Tolualdehyde 


Hexanaldehyde 


(Determination of Formaldehyde in 


Ambient Air Using Adsorbent 


Cartridge Followed by High 


Performance Liquid Chromatography 


(HPLC)) 


Ethylene 


Acetylene 


Ethane 


Propylene 


Propane 


Isobutane 


1-Butene 


1,3-Butadiene 


n-Butane 


trans-2-Butene 


cis-2-Butene 


Isopentane 


1-Pentene 


n-Pentane 


Isoprene 


trans-2-Pentene 


cis-2-Pentene 


2,2-Dimethylbutane 


Cyclopentane 


2,3-Dimethylbutane 


2-Methylpentane 


3-Methylpentane 


1-Hexene 


n-Hexane 


Methylcyclopentane 


2,4-Dimethylpentane 


Benzene 


Cyclohexane 


2-Methylhexane 


2,3-Dimethylpentane 


3-Methylhexane 


2,2,4-Trimethylpentane 


n-Heptane 


Methylcyclohexane 


2,3,4-Trimethylpentane 


EPA TO-12/PAMS 


(Method for the Determination of 


non-Methane Organic Compounds 


(NMOC) in Ambient Air using 


Cryogenic Preconcentration and 


Direct Flame Ionization Detection)  
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Toluene 


2-Methylheptane 


3-Methylheptane 


n-Octane 


Ethylbenzene 


m/p-Xylenes 


Styrene 


o-Xylene 


Nonane 


Isopropyl  


n-Propylbenzene 


m-Ethyltoluene 


p-Ethyltoluene 


1,3,5-Trimethylbenzene 


o-Ethyltoluene 


1,2,4-Trimethylbenzene 


n-Decane 


1,2,3-Trimethylbenzene 


m-Diethylbenzene 


p-Diethylbenzene 


n-Undecane 


n-Dodecane  
Ethanol 


naphthalene  


EPA TO-15A 


(Determination of Volatile Organic 


Compounds (VOCs) in Air Collected 


in Specially-Prepared Canisters and 


Analyzed by Gas 


Chromatography/Mass Spectrometry 


(CGMS)) 


 


2.5 Statistical Analysis 


 


Statistical analyses for each pollutant were run using the Mixed procedure in PC/SAS from SAS 


Institute, Inc. Mixed models are a type of model that include both fixed and random factors. The 


fuel type was treated in the model as a fixed factor, that is, the levels of this factor were the specific 


fuel types of interest. On the contrary, vehicles were included as a random factor, since the vehicles 


were chosen at random from a large population of possible models from different manufacturers 


made in different years. This allows the extrapolation of the results of the fuel effects onto a larger 


population of vehicle types, not just those that were used in the experiment. The mixed models 


were performed for each pollutant to determine the statistical significance of any fuel effect. The 


fixed effect included in the model was the fuel type and the random effect was vehicle.  
 


The normality and homogeneity of variance of residuals were checked in the models for all 


regulated, particulate, and toxic emissions to determine if a transformation was necessary. QQ plot 


and residual plot were drawn to examine the normality and homogeneity of variance of residuals, 


respectively. QQ plot draws the correlation between the residuals and the normal distribution and 
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all the points should fall approximately along the reference line if residuals are normal distributed. 


If homogeneity of variance is satisfied, all points in the residual plot should be randomly dispersed 


without any pattern. Analyses using the logarithmic transform of the data in similar previous 


studies have shown that the emissions standard deviation is relatively constant as a percentage of 


the emission level. For example, vehicles with higher emission levels will tend to have a higher 


variability on an absolute basis than those with lower emissions levels. Examination of the current 


data revealed that this relationship between the emissions level and variability held true even for 


the very low emitting vehicles.  


 


Most of the emissions were analyzed on the natural logarithm scale, with the exception of the 


weighted NMHC, phase 1, phase 3, and weighted CO, phase 1 NOx, phase 1 and weighted PM 


mass, m/p-xylenes, o-xylene, and ethylbenzene that were analyzed on the original scale. Fuel 


economy was analyzed in the inverse scale (i.e., gallons/mile). For emissions components that 


included zeros or negative values for individual bags or weighted emissions, a small constant was 


added prior to taking the logarithm to allow the analyses to be done in the logarithm scale. Any 


added constants were selected to be as small as possible, and in all cases did not exceed the 


background levels.  


 


Statistical analysis results were considered to be statistically significant for p≤0.05, although we 


also note cases where 0.05<p≤0.1 as marginally statistically significant in the text. The results 


from the ln or inverse models were “back transformed” to provide least square means (LSMs) for 


all pollutants on each fuel. This provides an arithmetic measure to evaluate the magnitude of any 


statistically significant effects. Any constants added to facilitate the analysis in logarithm scale 


were subsequently subtracted from the least square means once the back transformation to the 


arithmetic scale was made. 
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3 Emissions Testing Results 
 


This section outlines the experimental results of this program and discusses their statistical 


significance. Emissions of interest are NOx, CO, THC, NMHC, CH4, CO2, N2O, NH3, PM mass, 


solid particle number, black carbon, formaldehyde, acetaldehyde, 1,3-butadiene, benzene, toluene, 


ethylbenzene, m/p-xylenes, and o-xylene. All emissions reported in the following section are 


background corrected. The datapoints that were measured below detection limit or at negative 


values after background corrections have been zeroed. There was only one datapoint omitted as an 


outlier for ethanol emissions from the first FTP test of GDI #8 (2020 GMC Acadia) on E15. An 


outlier analysis (Grubbs’ test or extreme studentized deviate method) was performed to determine 


that this single value was a significant outlier (p<0.05) from the rest. 


 


The weighted FTP emission results for the testing of the twenty vehicles are presented in the 


figures in this section. The results for each test cycle/fuel combination represent the average of all 


test runs done on that combination. The error bars represent the standard deviation (STDEV.P) 


over the triplicate tests for each fuel. This same format is used for the figures throughout this 


section.  


 


The percentage differences between fuels, where statistically significant differences were found, 


are provided in Table 3-1 and Table 3-2. These percentage differences were determined from the 


least square means from the statistical analysis. For the statistical analyses, results are considered 


to be statistically significant for p ≤ 0.05 or marginally statistically significant for 0.05 < p ≤ 0.1 


for this discussion. 


 


The individual emissions test results for each vehicle are provided in Appendix B. The more 


detailed statistical analysis results are provided in Appendix C. 
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Table 3-1 Summary of Statistical Comparisons for E10 and E15 Fuels by Bag 


 Bag 1 (Cold-start) Bag 2 (Hot-running) Bag 3 (Hot-start) 


NOx Least Square Means 


g/mi E10 E15 E10 E15 E10 E15 


 0.0230 0.0215 0.00271 0.00258 0.00411 0.00349 


 Statistical Analysis 


 E15 7% lower than E10 


Not Significant (p=0.315) 


E15 5% lower than E10  


Not Significant (p=0.603) 


E15 15% lower than E10 


Not Significant (p=0.462) 


THC Least Square Means 


g/mi E10 E15 E10 E15 E10 E15 


 0.0621 0.0583 0.00178 0.00157 0.00646 0.00644 


 Statistical Analysis 


 
E15 6% lower than E10 


Statistically Significant 


(p=0.0315) 


E15 12% lower than E10  


Not Significant (p=0.136)                             


E15 0.3% lower than E10 


Not Significant (p=0.954) 


NMHC Least Square Means 


g/mi E10 E15 E10 E15 E10 E15 


 0.0488 0.0456 0.000330 0.000280 0.00175 0.00148 


 Statistical Analysis 


 
E15 7% lower than E10 


Statistically Significant 


(p=0.0340) 


E15 15% lower than E10  


Not Significant (p=0.567) 


E15 15% lower than E10 


Marginally Statistically 


Significant (p=0.0694) 


CO Least Square Means 


g/mi E10 E15 E10 E15 E10 E15 


 1.08 0.954 0.00600 0.00576 0.292 0.214 


 Statistical Analysis 


 


E15 12% lower than 


E10  


Statistically Significant 


(p=0.0113) 


E15 4% lower than E10  


Not Significant (p=0.893) 


E15 27% lower than E10 


Statistically Significant 


(p=0.00450) 


CO2 Least Square Means 


g/mi E10 E15 E10 E15 E10 E15 


 363 361 352 355 311 310 


 Statistical Analysis 


 E15 1% lower than E10 


Not Significant (p=0.336) 


E15 1% higher than E10  


Not Significant (p=0.202) 


E15 0.3% lower than E10 


Marginally Statistically 


Significant (p=0.0746) 


PM 


Mass 
Least Square Means 


mg/mi E10 E15 E10 E15 E10 E15 


 3.34 2.79 0.0293 0.0134 0.0727 0.0417 
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 Statistical Analysis 


 


E15 16% lower than 


E10  


Statistically Significant 


(p=0.0194) 


E15 54% lower than E10 


Statistically Significant 


(p=0.0221) 


E15 43% lower than E10 


Marginally Statistically 


Significant (p=0.0794) 


 


Table 3-2 Summary of Statistical Comparisons for E10 and E15 Fuels for the Weighted 


and Cumulative Emissions 


 Weighted 


NOx Least Square Means 


g/mi E10 E15 


 0.00737 0.00713 


 Statistical Analysis 


 E15 3% lower than E10 Not Significant (p=0.500) 


THC Least Square Means 


g/mi E10 E15 


 0.0161 0.0153 


 Statistical Analysis 


 E15 5% lower than E10 Statistically Significant (p=0.0216) 


NMHC Least Square Means 


g/mi E10 E15 


 0.0127 0.0116 


 Statistical Analysis 


 E15 9% lower than E10 Marginally Statistically Significant (p=0.0875) 


CO Least Square Means 


g/mi E10 E15 


 0.333 0.277 


 Statistical Analysis 


 E15 17% lower than E10 Statistically Significant (p=0.0196) 


CO2 Least Square Means 


g/mi E10 E15 


 343 344 


 Statistical Analysis 


 E15 0.3% higher than E10 Not Significant (p=0.779) 


Fuel Economy Least Square Means 


mpg E10 E15 


 26.7 26.4 


 Statistical Analysis 
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 E15 1% lower than E10 Statistically Significant (p=0.00920) 


PM Mass Least Square Means 


mg/mi E10 E15 


 0.858 0.700 


 Statistical Analysis 


 E15 18% lower than E10 Statistically Significant (p=0.0275) 


SPN Least Square Means 


#/mile E10 E15 


 9.58E+11 8.39E+11 


 Statistical Analysis 


 E15 12% lower than E10 Statistically Significant (p=0.00690) 


1,3-Butadiene 


mg/mi 


Least Square Means 


E10 E15 


 0.0251 0.0252 


 Statistical Analysis 


 E15 0.4% higher than E10 Not Significant (p=0.919) 


Benzene Least Square Means 


mg/mi E10 E15 


 0.871 0.874 


 Statistical Analysis 


 E15 0.3% higher than E10 Not Significant (p=0.966) 


Toluene Least Square Means 


mg/mi E10 E15 


 0.894 0.982 


 Statistical Analysis 


 E15 10% higher than E10 Not Significant (p=0.551) 


Ethylbenzene Least Square Means 


mg/mi E10 E15 


 0.231 0.205 


 Statistical Analysis 


 E15 11% lower than E10 Statistically Significant (p=0.0498) 


m/p-xylenes Least Square Means 


mg/mi E10 E15 


 0.739 0.666 


 Statistical Analysis 


 E15 10% lower than E10 Marginally Statistically Significant (p=0.0649) 


o-xylene Least Square Means 


mg/mi E10 E15 







 


 24 


 0.254 0.231 


 Statistical Analysis 


 E15 9% lower than E10 Marginally Statistically Significant (p=0.0504) 


Ethanol Least Square Means 


mg/mi E10 E15 


 0.468 0.828 


 Statistical Analysis 


 E15 77% higher than E10 Statistically Significant (p=0.00870) 


Formaldehyde Least Square Means 


mg/mi E10 E15 


 0.209 0.226 


 Statistical Analysis 


 E15 8% higher than E10 Not Significant (p=0.439) 


Acetaldehyde Least Square Means 


mg/mi E10 E15 


 0.284 0.373 


 Statistical Analysis 


 E15 31% higher than E10 Statistically Significant (p<0.0001) 


* Bold values are statistically significant p ≤ 0.05; Underlined values are marginally statistically significant 0.05 < p 


≤ 0.10 
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3.1 THC, NMHC and CH4 Emissions 


 


The weighted THC, NMHC and CH4 emission results for the testing on the twenty vehicles are 


presented in Figure 3-1, Figure 3-2, and Figure 3-3, respectively.  


 


Cold-start and weighted THC emissions showed statistically significant reductions of 6% and 5%, 


respectively, for E15 compared to E10. Results showed that the cold-start phase in THC emissions 


drove the statistics for the weighted THC emissions.  


 


For the cold-start NMHC emissions, E15 showed a 7% statistically significant reduction compared 


to E10, while for the hot-start NMHC emissions, E15 showed a 15% marginally statistically 


significant reduction compared to E10. The weighted NMHC emissions showed a marginally 


statistically significant reduction of 9% for E15 compared to E10. 


 


Emissions of CH4 were not included in the comprehensive statistical analysis, but the results were 


analyzed using a two-sample equal variance t-test. For CH4 emissions, PFI#1 and GDI#3 showed 


statistically significant reductions in weighted CH4 emissions of 16% and 20%, respectively, for 


E15 compared to E10. For PFI+GDI#1, weighted CH4 emissions showed an 8% increase for E15 


compared to E10, whereas for GDI#11 the use of E15 showed a 7% reduction compared to E10, 


both at marginally statistically significant levels.  


 


Overall, the use of E15 resulted in lower THC and NMHC emissions compared to E10. These 


reductions can be attributed to the higher oxygen content in the fuel, which likely increased the 


local oxygen in the fuel-rich regions leading to more complete combustion (Schifter et al., 2011; 


Liu et al., 2011; Catapano et al., 2014; Karavalakis et al., 2014).  
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Figure 3-1. Average THC Weighted Emission Results 
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Figure 3-2. Average NMHC Weighted Emission Results 
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Figure 3-3. Average CH4 Weighted Emission Results 
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3.2 CO Emissions 


 


CO emission results for the twenty test vehicles are shown in Figure 3-4. Cold-start and hot-start 


CO emissions showed statistically significant reductions of 12% and 27%, respectively, for E15 


compared to E10. The weighted CO emissions showed a statistically significant reduction of 17% 


for E15 compared to E10 across the fleet of 20 vehicles. 


 


In previous studies with higher ethanol blends, CO emissions tend to decrease as the oxygen 


content increase in the fuel (Catapano et al., 2014; Karavalakis et al., 2014 Yang et al., 2019). The 


presence of oxygen in the fuel will improve the oxidation of CO to CO2 in the fuel-rich regions of 


the combustion chamber, leading to a more complete combustion. Also, the lower C/H ratio for 


E15 was another contributing factor for the lower CO emissions for this fuel due to the lower 


carbon available to form CO during combustion (Najafi et al., 2009).  


 


 


Figure 3-4. Average CO Weighted Emission Results 


 


 


 







 


 30 


3.3 NOx Emissions 


 


Weighted NOx emission results for the twenty vehicles are presented in Figure 3-5. Overall, NOx 


emissions did not show any strong fuel differences across the twenty-vehicle fleet. The analysis 


showed that NOx emissions did not show any statistically significant difference between the fuels 


for the FTP and its individual FTP phase. However, it is worth noting that despite the non-


statistically significant effect, NOx emissions trended 7%, 5%, 15%, and 3% lower for E15 


compared to E10 over the cold-start, hot-running, hot-start, and weighted FTP, respectively. 


 


Our results suggest that low ethanol content blends (i.e., below 20 vol %) will likely not have a 


strong effect on NOx emissions from Tier 3 PFI and GDI vehicles. These findings agree with those 


of Yang et al. (2019) that did not show any significant ethanol effects on NOx emissions from Tier 


3 GDI vehicles.  


 


 


Figure 3-5. Average NOx Weighted Emission Results 
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3.4 CO2 Emissions and Fuel Economy 


 


Weighted CO2 emission results for the twenty vehicles are presented in Figure 3-6. CO2 emissions 


showed a marginally statistically significant reduction of 0.3% for E15 compared to E10 over the 


hot-start phase. No statistically significant differences in CO2 emissions were seen for the weighted 


FTP.   


 


From a theoretical standpoint, it might be expected that CO2 emissions would trend with either the 


C/H ratio or carbon/energy content in the fuel. However, the difference between E10 and E15 may 


not be significant enough to yield a statistically significant CO2 emissions difference between the 


two fuels.  


 


Figure 3-6. Average CO2 Weighted Emission Results 


 


The fuel economy results for the twenty test vehicles are presented in Figure 3-7. Fuel economy 


was calculated based on the carbon balance method. The carbon balance equation more directly 


accounts for the differences in energy content between different fuels, with the equation shown 


below. Carbon-balance weighted fuel economy showed a statistically significant reduction of 1% 


for E15 compared to E10 across the fleet of twenty vehicles. 
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𝐹𝑢𝑒𝑙 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 (𝑚𝑝𝑔) =  
𝐶𝑊𝐹𝑓𝑢𝑒𝑙 × 𝑆𝐺𝑓𝑢𝑒𝑙 × 3781.8


(𝐶𝑊𝐹𝐻𝐶 × 𝐻𝐶) + (0.429 × 𝐶𝑂) + (0.273 × 𝐶𝑂2)
 


 


𝐻𝐶: 𝐻𝐶 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 (
𝑔


𝑚𝑖𝑙𝑒
)  


𝐶𝑂: 𝐶𝑂 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 (
𝑔


𝑚𝑖𝑙𝑒
)   


𝐶𝑂2 ∶ 𝐶𝑂2 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 (
𝑔


𝑚𝑖𝑙𝑒
) 


𝐶𝑊𝐹𝑓𝑢𝑒𝑙, 𝐶𝑊𝐹𝐻𝐶: 𝐶𝑎𝑟𝑏𝑜𝑛 𝑊𝑒𝑖𝑔ℎ𝑡 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑇𝑒𝑠𝑡 𝐹𝑢𝑒𝑙  


𝑆𝐺𝑓𝑢𝑒𝑙: 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑇𝑒𝑠𝑡 𝐹𝑢𝑒𝑙  
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Figure 3-7. Average Fuel Economy Results Based on Carbon Balance Method 
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3.5 PM Mass, Particle Number and Black Carbon Emissions 


 


Weighted PM mass, cold-start PM mass, hot-running PM mass, and hot-start PM mass emissions 


for all test vehicles are shown in Figure 3-8, Figure 3-9, Figure 3-10, and Figure 3-11, respectively. 


The PM mass showed strong, statistically significant fuel trends over the entire FTP cycle and each 


individual phase. For the cold-start and hot-running phases, PM mass emissions showed 


statistically significant reductions of 16 and 54%, respectively, for E15 compared to E10. Hot-start 


PM mass emissions were 43% lower for E15 compared to E10, at a marginally statistically 


significant level. The weighted PM mass emissions showed a statistically significant reduction of 


18% for E15 compared to E10 across the fleet of 20 vehicles. 


 


The cold-start period significantly contributed to the total PM mass emissions for all vehicle/fuel 


combinations. The higher PM emissions during the cold-start phase were due to poor fuel 


vaporization from the cold cylinder and piston surfaces, leading to insufficient fuel-air mixtures 


and pool burning, generating more soot emissions. Hot-running and hot-start PM emissions were 


significantly lower than cold-start. As the engine warmed up, the lower PM emissions were 


attributed to the warming of the engine and exhaust surfaces, as well as the less rich fuel-air 


mixtures during combustion and the improved fuel vaporization. In addition, the TWC being above 


its light-off temperature likely reduced the semi-volatile hydrocarbon species that contribute to 


PM mass.  


 


Overall, the lower PM mass emissions for E15 compared to E10 suggests that the presence of 


oxygen and the dilution of aromatics (soot precursors) were the dominant factors for these 


observations. The availability of oxygen atoms in the fuel aids the oxidation of local fuel rich 


pockets (Fatouraie et al., 2015; Leach et al., 2018). Aromatics and polyaromatics have a higher 


sooting tendency than non-aromatic hydrocarbons. Diluting the aromatics in the fuel stream for 


E15 will lower the soot precursor formation and reduce the soot surface growth through the 


hydrogen abstraction acetylene addition (HACA) mechanism (Khosousi et al., 2015). Our results 


agree with the majority of the published literature showing a positive effect of ethanol on 


particulate emissions (Karavalakis et al., 2014; Maricq et al., 2012; Wang et al., 2014; Jin et al., 


2017). 
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Figure 3-8. Average Weighted PM Mass Emissions Results 
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Figure 3-9. Average Cold-Start (Bag 1) PM Mass Emissions Results 
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Figure 3-10. Average Hot-Running (Bag 2) PM Mass Emissions Results 
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Figure 3-11. Average Hot-Start (Bag 3) PM Mass Emissions Results 


 


As shown in Figure 3-12, PM mass emissions for the GDI vehicles were higher than those of their 


PFI counterparts. A number of previous studies have also shown that GDI engines have higher PM 


emissions than PFI engines (Karavalakis et al., 2014; Saliba et al., 2017; Chen et al., 2017). The 


higher PM emissions for GDI engines were largely due to diffusive combustion of the liquid fuel 


film (fuel impingement) on the piston crown or cylinder walls. Figure 3-13 shows a comparison 


of PM mass emissions as a function of vehicle emissions certification classification. The results as 


a function of certification classification do not show strong trends, which could be attributed to a 


mix of GDI and PFI vehicles being tested in the different certification categories.  
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Figure 3-12. Fleet PM mass weighted emissions for different fuel injection types 


 


 


 


Figure 3-13. Fleet PM mass weighted emissions for different technology groups 
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Solid particle number (SPN>23 nm) emissions are shown in Figure 3-14. SPN emissions were 


measured according to the European PMP method. For the purpose of this program, only the 


weighted SPN emissions were included in the statistical analysis. Results showed that E15 was 


12% lower than E10, at a statistically significant level. 


 


 


Figure 3-14. Average Solid Particle Number (>23 nm) Weighted Emissions Results 


 


 


 


 


Black carbon (BC) is a ubiquitous component of ambient particulate matter, that is produced by 


the combustion of fossil fuels. BC emissions were not included in the comprehensive statistical 


analysis, but the fuel differences were analyzed with the use of a two-sample equal variance t-test. 


Weighted BC emission results are provided in Figure 3-15. For the weighted BC emissions, GDI#1, 


PFI+GDI#1, and GDI#5 showed statistically significant differences between E10 and E15. For 


GDI#1, PFI+GDI#1, and GDI#5, E15 showed reductions of 30%, 38%, and 39%, respectively, 


compared to E10. For PFI#4, PFI_Hybrid#1, and PFI+GDI#2, E15 showed marginally statistically 


significant reductions of 11%, 26%, and 33%, respectively, compared to E10. 


 


For the cold-start BC emissions, GDI#1, GDI#5, and GDI#8 showed statistically significant 


reductions when tested with E15 compared to E10. The reductions in cold-start BC emissions were 


34%, 35%, and 20% for GDI#1, GDI#5, and GDI#8, respectively. For PFI#1, PFI#4, and 


PFI+GDI#2, E15 showed marginally statistically significant reductions of 45%, 14%, and 33%, 


respectively, compared to E10. 
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For the hot-running BC emissions, GDI#1, PFI+GDI#1, GDI#4, GDI#5, GDI#6, and GDI#9 


showed statistically reductions when tested with E15 compared to E10. For GDI#1, PFI+GDI#1, 


GDI#4, GDI#5, GDI#6, and GDI#9, the use of E15 showed reductions of 29%, 55%, 9%, 48%, 


18%, and 39%, respectively, compared to E10. GDI#7 and GDI#11 showed marginally statistically 


significant reductions of 11% and 20%, respectively, compared to E10.  


 


For the hot-start BC emissions, GDI#1, PFI+GDI#1, GDI#5, GDI#6, GDI#7, GDI#9 and 


PFI+GDI#2 showed statistically significant reductions with E15 compared to E10. The differences 


in hot-start BC emissions were 23%, 55%, 39%, 19%, 16%, 17%, and 47% for GDI#1, PFI+GDI#1, 


GDI#5, GDI#6, GDI#7, GDI#9, and PFI+GDI#2, respectively. For GDI#10, E15 showed a 


statistically significant increase of 35% compared to E10. 


 


BC emissions reduced with the use of E15 across the vehicle fleet. The GDI vehicles produced 


significantly higher BC emissions than the PFI vehicles, indicating that PM emissions from GDI 


combustion were primarily BC or soot in nature.  


 


 


Figure 3-15. Average Black Carbon Weighted Emissions Results 
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3.6 Nitrous oxide (N2O) and ammonia (NH3) emissions 


 


Nitrous oxide (N2O) emissions in recent years have gained increased attention as an important 


GHG, along with CH4 and CO2. In fact, N2O’s global warming potential (GWP) is much higher 


than that of CO2 or CH4. Thus, N2O is a significant contributor to total radiative forcing, despite 


its low concentration in the atmosphere. N2O is primarily formed in the three-way catalyst (TWC), 


since precious metals present in the catalyst can promote its formation by reaction of NO and NH3 


or with hydrogen (Hoekman, 2020). Neither of these pollutants were included in the 


comprehensive statistical analysis. Under the present test conditions, N2O emissions were seen in 


very low levels for all vehicles/fuel combinations and showed mixed results with both increases 


and decreases for E15 (Figure 3-16). Thirteen vehicles showed trends of lower N2O emissions with 


E15. Only GDI#7 showed a statistically significant reduction of 37% for E15 compared to E10, 


however. 


 


 


Figure 3-16. Average N2O weighted Emissions Results 


 


 


 


 


Ammonia (NH3) emissions are shown in Figure 3-17. NH3 is not a combustion by-product but it 


forms inside the TWC as a result of the reduction of NO by hydrogen, which is generated from 


CO and H2O via the water-gas shift reaction or from hydrocarbons via steam reforming (Suarez-


Bertoa et al., 2014). NH3 emissions contribute significantly to the formation of secondary ambient 


PM. NH3 emissions were detected in relatively low concentrations and did not show a clear fuel 
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trend. For GDI#5, PFI#4, GDI#10, and PFI+GDI#2, the use of E15 showed statistically significant 


increases of 180%, 188%, 42%, and 104%, respectively, compared to E10.  


 


 


 


Figure 3-17. Average NH3 weighted Emissions Results 
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3.7 Aromatic Hydrocarbon Species, 1,3-Butadiene, and Ethanol Emissions 


 


Figure 3-18, Figure 3-19, Figure 3-20, Figure 3-21, Figure 3-22, Figure 3-23, and Figure 3-24 


show the cumulative benzene, toluene, ethylbenzene, m/p-xylenes, o-xylene (commonly known as 


BTEX), 1,3-butadiene, and ethanol emission results, respectively. Naphthalene was found to be 


well below detection limit and no results are reported here.  


 


For the cumulative BTEX emissions, only ethylbenzene, m/p-xylenes and o-xylene emissions 


showed statistically significant results between the fuels. For ethylbenzene emissions, E15 showed 


a statistically significant reduction of 11% compared to E10. For m/p-xylenes and o-xylene 


emissions, E15 showed marginally statistically significant reductions of 10% and 9%, respectively, 


compared to E10. Cumulative 1,3-butadiene emissions did not show any statistically significant 


difference between fuels.  


 


Ethanol emissions showed a strong, statistically significant increase of 77% for E15 compared to 


E10. As expected, ethanol emissions were consistently higher for E15 compared to E10 for each 


individual vehicle.  


 


The benzene, toluene, ethylbenzene, m/p xylenes, and o-xylene are reactive aromatic volatile 


organic compounds that contain a C=C bond. These species are highly reactive in the troposphere 


and have been recognized as important photochemical precursors for ozone and organic aerosols. 


They are also known as toxic and potentially carcinogenic compounds from vehicle exhaust. 


Benzene and toluene were the main BTEX in the exhaust followed by ethylbenzene and xylenes. 


Overall, BTEX species trended lower with E15, consistent with previous studies (Jin et al., 2017; 


Yang et al., 2019; Poulopoulos et al., 2001). The lower BTEX emissions for E15 can be attributed 


in part to the dilution of these compounds when more ethanol was added in E10. In addition, the 


higher oxygen content for E15 led to the more efficient oxidation of BTEX species during 


combustion.  
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Figure 3-18. Average Benzene Cumulative Emissions Results 
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Figure 3-19. Average Toluene Cumulative Emissions Results 


 


 


Figure 3-20. Average Ethylbenzene Cumulative Emissions Results 
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Figure 3-21. Average m/p-xylenes Cumulative Emissions Results 
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Figure 3-22. Average o-xylene Cumulative Emissions Results 


 


 


Figure 3-23. Average 1-3 Butadiene Cumulative Emissions Results 
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Figure 3-24. Average Ethanol Cumulative Emissions Results 
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3.8 Formaldehyde and Acetaldehyde Emissions 


 


Cumulative formaldehyde and acetaldehyde emissions are shown in Figure 3-25 and Figure 3-26, 


respectively. These aldehydes are not present in the fuel, but are formed during combustion. 


Formaldehyde and acetaldehyde are classified as a human carcinogen or as probably carcinogenic, 


respectively, in terms of health impacts. While a number of aldehydes and ketones were measured 


from the tailpipe, the low molecular weight formaldehyde and acetaldehyde were the predominant 


aldehydes detected, with heavier compounds being below the limits of detection or below the CVS 


tunnel backgrounds.  


 


Formaldehyde emissions did not show any statistically significant effects between E10 and E15. 


Acetaldehyde emissions showed a strong, statistically significant increase of 31% for E15 


compared to E10 across the fleet of twenty vehicles. Acetaldehyde emissions are mainly a function 


of ethanol content and are attributed to the hydroxyl moiety in ethanol. Ethanol combustion will 


result in hydrogen abstraction, which will form radicals that either react with oxygen or 


unimolecularly decompose yielding acetaldehyde (Hass et al., 2009). Previous studies have shown 


elevated acetaldehyde emissions as a function of ethanol content (Storey et al., 2010; Karavalakis 


et al., 2014; Yang et al., 2019).  


 


 


Figure 3-25. Average Formaldehyde Cumulative Emissions Results 
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Figure 3-26. Average Acetaldehyde Cumulative Emissions Results 


  


 


 


3.9 NMOG Emissions 


 


The California and EPA LEV III and Tier 3 emissions standards have established a combined 


standard for non-methane organic gases (NMOG) + NOx emissions. The light-duty fleet average 


is required to be below 30 mg/mile over the certification FTP cycle by 2025. NMOG emissions 


are presented in Figure 3-27. It should be noted that NMOG emissions were not included in the 


statistical analysis, but were rather analyzed with the use of a two-sample equal variance t-test. 


Overall, NMOG emissions were below the 30 mg/mile standard for all test vehicles. For 


PFI+GDI#2, E15 showed a statistically significant reduction of 34% in NMOG emissions 


compared to E10. For GDI#4, E15 showed a statistically significant reduction of 5% compared to 


E10. For GDI #9, E15 showed a statistically significant increase of 22% compared to E10. For 


GDI#11, E15 showed a marginally statistically significant reduction of 14% compared to E10. 
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Figure 3-27. Average NMOG Emissions Results 


 


 


3.10 Ozone Forming Potential 


 


The ozone forming potential (OFP) for all vehicle/fuel combinations is shown in Figure 3-28. The 


OFP was calculated using the maximum incremental reactivity (MIR) factors for each individual 


exhaust species, and then summing these values. The calculation model is shown in the following 


equation: 


𝑂𝐹𝑃 =  ∑ 𝑀𝐼𝑅𝑖  ×  𝐸𝑖 


 


Where, 


OFP – Ozone forming potential, in mg O3/mile 


MIRi – maximum incremental reactivity of species i, in mg O3/mg 


Ei – mass emission rate of species I, in mg/mile 


 


OFP data was not included in the comprehensive statistical analysis. This data was analyzed with 


the use of a two-sample equal variance t-test to identify fuel effects between vehicles. For GDI#1 


and PFI+GDI#2, E15 showed statistically significant reductions of 23% and 33%, respectively, 


compared to E10. For GDI#4, E15 showed a marginally statistically significant reduction of 9% 


compared to E10. 
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Overall, the OFP for E15 trended lower compared to E10 across the vehicle fleet, indicating that 


the introduction of E15 in the California gasoline market will likely not contribute to increases in 


ozone formation. Previous studies have also shown reduced OFP with higher ethanol fuels 


(Costagliola et al., 2016; Wang et al., 2016; Yang et al., 2019).  


 


 


Figure 3-28. Ozone Forming Potential Test Results 
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4 Summary and Conclusions 
 


The primary objective of this study was to characterize the impacts of changes in the ethanol 


contents in gasoline for current technology Tier 3 vehicles in California. For this study, two 


gasoline fuels, E10 and E15 (10% V/V and 15% V/V ethanol), that meet the specifications to be 


classified as a California Reformulated Gasoline (CaRFG) were tested in a fleet of twenty vehicles 


from four different technology groups (SULEV30, ULEV50, ULEV70 and ULEV125). Vehicles 


were tested over triplicate FTP cycles on each of the test fuels. Measurements included NOx, CO, 


THC, NMHC, CH4, CO2, N2O, NH3, fuel economy, SPN, BC, formaldehyde, acetaldehyde, 1,3-


butadiene, and BTEX. The main findings of this study are summarized below. 


 


• NOx emissions did not show any statistically significant effect between fuels for the 


weighted FTP and each individual phase. However, NOx emissions trended 7%, 5%, 15%, 


and 3% lower for E15 compared to E10 over the cold-start, hot-running, hot-start, and 


weighted FTP, respectively, but not at statistically significant levels. 


• Statistically significant and marginally statistically significant reductions in THC and 


NMHC emissions were seen for E15 compared to E10. 


• CO emissions showed statistically significant reductions for E15 for the weighted, cold-


start, and hot-start FTP. 


• CO2 emissions showed a marginally statistically significant reduction of 0.3% for E15 


compared to E10 over the hot-start phase. Carbon-balance weighted fuel economy showed 


a statistically significant reduction of 1% for E15 compared to E10 across the fleet of 20 


vehicles. 


• For the cold-start and hot-running phases, PM mass emissions showed statistically 


significant reductions of 16% and 54%, respectively, for E15 compared to E10. Hot-start 


PM mass emissions were 43% lower for E15 compared to E10, at a marginally statistically 


significant level. The weighted PM mass emissions showed a statistically significant 


reduction of 18% for E15 compared to E10 across the fleet of 20 vehicles. 


• Weighted SPN emissions showed that E15 was 12% lower than E10, at a statistically 


significant level. 


• For ethylbenzene emissions, E15 showed a statistically significant reduction of 11% 


compared to E10.  


• For m/p-xylenes and o-xylene emissions, E15 showed marginally statistically significant 


reductions of 10% and 9%, respectively, compared to E10.  


• Cumulative 1,3-butadiene, benzene, and toluene emissions did not show any statistically 


significant difference between fuels.  


• Ethanol emissions showed a strong, statistically significant increase of 77% for E15 


compared to E10.  


• Formaldehyde emissions did not show any statistically significant difference between 


fuels. Acetaldehyde emissions showed a strong, statistically significant increase of 31% 


for E15 compared to E10 across the fleet of 20 vehicles.   







 


 


 


 


 


 


55 


• Calculated NMOG emissions were below the 30 mg/mile standard for all test vehicles. 


Statistically significant fuel effects were seen for some vehicles, but not for others. Overall, 


NMOG emissions trended lower for E15 compared to E10. 


• The estimated OFP showed some statistically significant fuel effects for some vehicles, but 


not for others. Overall, a decreasing trend in OFP was observed with E15 compared to E10, 


indicating that the introduction of E15 in the California gasoline market will likely not 


contribute to increases in ozone formation. 
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Appendix A 
Vehicle Inspection Checklist 


 







 


B1 


Appendix B 
Individual Test Results for each Test Vehicle 


 


2019MY Dodge Ram1500 – PFI #1 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


THC Emissions (g/mile) 


THC-1 0.111 0.131 0.098 0.087 0.090 0.110 


THC-2 0.003 0.003 0.002 0.002 0.003 0.003 


THC-3 0.011 0.013 0.012 0.009 0.010 0.010 


3THC-w 0.028 0.032 0.025 0.022 0.023 0.027 


NMHC Emissions (g/mile) 


NMHC-1 0.090 0.106 0.078 0.069 0.071 0.087 


NMHC-2 0.001 0.002 0.000 0.001 0.001 0.002 


NMHC-3 0.004 0.004 0.005 0.003 0.003 0.004 


3NMHC-w 0.020 0.024 0.017 0.016 0.016 0.020 


CH4 Emissions (g/mile) 


CH4-1 0.021 0.025 0.020 0.018 0.019 0.022 


CH4-2 0.002 0.001 0.002 0.001 0.002 0.001 


CH4-3 0.007 0.009 0.007 0.006 0.007 0.006 


3CH4-W 0.007 0.008 0.007 0.006 0.007 0.007 


CO Emissions (g/mile) 


CO-1 2.243 2.976 2.115 1.921 2.398 2.583 


CO-2 0.003 0.000 0.000 0.000 0.009 0.000 


CO-3 0.433 0.543 0.488 0.191 0.474 0.351 


3CO-w 0.585 0.765 0.572 0.451 0.630 0.633 


NOx Emissions (g/mile) 


NOx-1 0.058 0.053 0.067 0.063 0.064 0.048 


NOx-2 0.030 0.040 0.046 0.045 0.040 0.050 


NOx-3 0.024 0.065 0.037 0.029 0.035 0.036 


3NOx-w 0.034 0.049 0.048 0.044 0.044 0.045 


CO2 Emissions (g/mile) 


CO2-1 513.974 506.210 495.645 487.620 498.982 503.044 


CO2-2 494.922 495.185 497.591 525.960 493.064 534.961 


CO2-3 424.093 422.677 418.638 411.412 413.241 420.420 


3CO2-w 479.488 477.607 475.553 486.578 472.420 496.893 







 


B2 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 16.440 16.651 17.052 17.005 16.595 16.451 


FE-2 17.201 17.192 17.109 15.871 16.929 15.604 


FE-3 20.041 20.099 20.297 20.274 20.162 19.828 


3FE-w 17.718 17.777 17.866 17.128 17.630 16.763 


 


 


PM mass and black carbon 


Pollutants  Phase  
E10 E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 0.418 0.507 problematic (MSS not sampling) 0.364 0.175 0.232 


PM-soot 2 0.045 0.031 problematic (MSS not sampling) 0.073 0.004 0.020 


PM-soot 3 0.026 0.028 problematic (MSS not sampling) 0.053 0.004 0.021 


3PM-soot-w 0.117 0.129 problematic (MSS not sampling) 0.128 0.040 0.064 


PM mass (mg/mile) 


PM-1 1.011 0.974 0.785 0.725 0.577 0.276 


PM-2 0.154 0.303 0.337 0.206 0.208 0.000 


PM-3 0.000 0.282 0.243 0.277 0.000 0.000 


3PM mass-w 0.289 0.436 0.404 0.333 0.228 0.057 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 2.14E+12 2.21E+12 1.58E+12 1.56E+12 1.05E+12 1.30E+12 


SPN-2 6.01E+10 2.06E+10 2.61E+10 1.73E+10 1.64E+10 2.46E+10 


SPN-3 3.47E+11 2.51E+11 1.39E+11 7.03E+10 1.13E+11 8.01E+10 


3SPN-w 5.70E+11 5.37E+11 3.79E+11 3.51E+11 2.57E+11 3.05E+11 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 3.606 3.042 2.188 2.020 2.148 2.506 


Acetylene 1.322 1.119 0.766 0.685 0.542 0.718 


Ethane 1.853 1.627 1.048 0.940 1.131 1.214 


Propylene 1.994 2.142 1.512 1.346 1.433 1.858 







 


B3 


Propane 0.431 0.661 0.000 0.000 0.000 0.069 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.416 0.385 0.299 0.261 0.291 0.349 


1,3-Butadiene 0.259 0.290 0.114 0.233 0.561 0.108 


n-Butane 0.226 0.254 0.199 0.198 0.309 0.308 


trans-2-Butene 0.185 0.224 0.162 0.132 0.146 0.200 


cis-2-Butene 0.223 0.295 0.238 0.146 0.176 0.217 


Isopentane 1.689 1.632 0.951 1.059 0.922 1.050 


1-Pentene 0.060 0.052 0.038 0.037 0.031 0.038 


n-Pentane 0.650 0.622 0.408 0.427 0.395 0.401 


Isoprene 0.058 0.048 0.031 0.019 0.030 0.038 


trans-2-Pentene 0.093 0.087 0.055 0.055 0.050 0.060 


cis-2-Pentene 0.055 0.052 0.034 0.033 0.030 0.036 


2,2-Dimethylbutane 0.105 0.117 0.085 0.073 0.078 0.088 


Cyclopentane 0.106 0.081 0.053 0.057 0.052 0.061 


2,3-Dimethylbutane 0.306 0.295 0.198 0.201 0.189 0.217 


2-Methylpentane 0.902 0.826 0.553 0.599 0.544 0.604 


3-Methylpentane 0.534 0.514 0.353 0.353 0.224 0.394 


1-Hexene 0.081 0.037 0.031 0.000 0.029 0.028 


n-Hexane 0.480 0.430 0.305 0.288 0.286 0.326 


Methylcyclopentane 0.511 0.615 0.347 0.330 0.330 0.396 


2,4-Dimethylpentane 0.332 0.326 0.236 0.228 0.223 0.268 


Benzene 1.613 2.597 1.425 1.148 1.486 2.162 


Cyclohexane 0.168 0.168 0.119 0.110 0.113 0.134 


2-Methylhexane 0.322 0.316 0.239 0.219 0.221 0.277 


2,3-Dimethylpentane 0.498 0.509 0.367 0.353 0.361 0.411 


3-Methylhexane 0.570 0.388 0.268 0.246 0.250 0.287 


2,2,4-Trimethylpentane 0.742 0.747 0.576 0.535 0.569 0.641 


n-Heptane 0.225 0.230 0.154 0.135 0.146 0.183 


Methylcyclohexane 0.217 0.242 0.176 0.156 0.175 0.194 


2,3,4-Trimethylpentane 0.237 0.230 0.188 0.168 0.170 0.205 


Toluene 2.361 2.634 1.866 1.594 1.751 2.326 


2-Methylheptane 0.200 0.186 0.160 0.144 0.154 0.184 


3-Methylheptane 0.174 0.172 0.140 0.125 0.135 0.164 







 


B4 


n-Octane 0.151 0.174 0.135 0.120 0.132 0.152 


Ethylbenzene 0.416 0.430 0.316 0.279 0.286 0.382 


m/p-Xylenes 1.422 1.572 1.064 0.966 1.021 1.467 


Styrene 0.000 0.010 0.000 0.000 0.000 0.000 


o-Xylene 0.483 0.533 0.358 0.339 0.341 0.500 


Nonane 0.084 0.108 0.083 0.071 0.076 0.093 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.046 0.047 0.033 0.030 0.033 0.038 


m-Ethyltoluene 0.334 0.362 0.249 0.238 0.237 0.335 


p-Ethyltoluene 0.157 0.165 0.112 0.111 0.116 0.148 


1,3,5-Trimethylbenzene 0.300 0.266 0.194 0.173 0.194 0.241 


o-Ethyltoluene 0.055 0.124 0.288 0.078 0.080 0.138 


1,2,4-Trimethylbenzene 0.455 0.514 0.313 0.277 0.283 0.467 


n-Decane 0.009 0.031 0.028 0.000 0.008 0.008 


1,2,3-Trimethylbenzene 1.517 0.528 0.688 0.650 0.907 0.394 


m-Diethylbenzene 2.337 0.721 1.023 1.064 1.423 0.572 


p-Diethylbenzene 0.101 0.085 0.051 0.127 0.067 0.026 


n-Undecane 0.000 0.212 0.000 0.000 0.000 0.000 


n-Dodecane 0.082 0.037 0.072 0.028 0.033 0.000 


Ethanol 1.652 2.063 0.000 1.694 1.644 1.609 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde 0.377 0.382 0.364 0.296 0.290 0.383 


Acetaldehyde 0.510 0.511 0.412 0.545 0.551 0.638 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.000 0.000 0.000 0.000 0.000 0.000 


Propionaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.035 0.035 0.035 0.000 0.000 0.000 


MEK & Butyraldehyde 0.021 0.016 0.016 0.004 0.008 0.012 


Benzaldehyde 0.056 0.041 0.051 0.043 0.039 0.043 







 


B5 


Valeraldehyde 0.042 0.000 0.041 0.000 0.000 0.000 


m-Tolualdehyde 0.061 0.045 0.000 0.036 0.000 0.000 


Hexaldehyde 0.460 0.119 0.236 0.172 0.238 0.089 


 


NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.021 0.025 0.018 0.017 0.017 0.021 


 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.033 0.035 0.032 0.021 0.035 0.033 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.005 0.016 0.010 0.008 0.014 0.008 


3N2O-w 0.008 0.012 0.010 0.007 0.011 0.009 


NH3 


NH3-1 0.007 0.008 0.005 0.005 0.007 0.018 


NH3-2 0.002 0.002 0.002 0.002 0.004 0.002 


NH3-3 0.003 0.003 0.004 0.002 0.003 0.002 


3NH3-w 0.004 0.003 0.003 0.003 0.005 0.006 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 137.434 ± 31.347 114.908 ± 22.752 


 


 


 


 


2018MY Honda Fit 


Gaseous and fuel economy 


Pollutants  Phase  
E10 E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 
THC-1 0.051 0.044 0.041 0.039 0.043 0.013 


THC-2 0.001 0.001 0.001 0.001 0.001 0.003 







 


B6 


THC-3 0.002 0.002 0.003 0.003 0.002 0.002 


3THC-w 0.012 0.010 0.010 0.009 0.010 0.005 


NMHC Emissions (g/mile) 


NMHC-1 0.042 0.037 0.035 0.032 0.036 0.011 


NMHC-2 0.000 0.000 0.000 0.000 0.000 0.003 


NMHC-3 0.001 0.001 0.001 0.001 0.001 0.001 


3NMHC-w 0.009 0.008 0.007 0.007 0.008 0.004 


CH4 Emissions (g/mile) 


CH4-1 0.008 0.007 0.007 0.007 0.007 0.002 


CH4-2 0.003 0.001 0.001 0.001 0.001 0.000 


CH4-3 0.001 0.001 0.002 0.001 0.001 0.001 


3CH4-W 0.004 0.002 0.002 0.003 0.002 0.001 


CO Emissions (g/mile) 


CO-1 0.719 0.676 0.719 0.576 0.657 0.102 


CO-2 0.013 0.057 0.208 0.019 0.039 0.024 


CO-3 0.021 0.181 0.191 0.125 0.126 0.072 


3CO-w 0.161 0.219 0.309 0.163 0.191 0.053 


NOx Emissions (g/mile) 


NOx-1 0.006 0.009 0.012 0.014 0.012 0.007 


NOx-2 0.000 0.000 0.000 0.000 0.000 0.000 


NOx-3 0.001 0.002 0.001 0.001 0.001 0.001 


3NOx-w 0.002 0.003 0.003 0.003 0.003 0.002 


CO2 Emissions (g/mile) 


CO2-1 249.365 252.123 258.992 240.084 249.881 247.426 


CO2-2 232.468 227.173 235.202 222.212 224.522 225.845 


CO2-3 219.245 214.070 218.064 210.693 212.091 212.994 


3CO2-w 232.337 228.758 235.444 222.759 226.364 226.788 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 33.966 33.608 32.713 34.622 33.252 33.710 


FE-2 36.618 37.460 36.146 37.560 37.169 36.954 


FE-3 38.824 39.715 38.986 39.581 39.320 39.170 


3FE-w 36.597 37.155 36.080 37.426 36.823 36.792 


 


PM mass and black carbon 


Pollutants  Phase  
E10 E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) PM-soot 1 0.978 0.901 0.863 0.543 0.650 0.623 







 


B7 


PM-soot 2 0.377 0.319 0.323 0.261 0.208 0.252 


PM-soot 3 0.242 0.221 0.207 0.180 0.158 0.175 


3PM-soot-w 0.464 0.413 0.403 0.297 0.286 0.308 


PM mass (mg/mile) 


 PM-1 4.772 4.489 4.348 2.354 3.208 2.873 


PM-2 0.157 0.600 0.725 0.169 0.179 0.167 


PM-3 0.531 0.757 0.463 0.317 0.297 0.209 


3PM mass-w 1.215 1.449 1.404 0.662 0.839 0.739 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 6.82E+12 6.62E+12 6.41E+12 4.52E+12 5.08E+12 4.70E+12 


SPN-2 2.52E+12 2.04E+12 2.27E+12 1.17E+12 1.04E+12 1.30E+12 


SPN-3 1.54E+12 1.35E+12 1.37E+12 9.23E+11 1.12E+12 1.08E+12 


3SPN-w 3.14E+12 2.80E+12 2.88E+12 1.79E+12 1.90E+12 1.94E+12 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 1.149 0.946 0.815 0.930 0.980 0.910 


Acetylene 0.667 0.399 0.420 0.469 0.503 0.431 


Ethane 0.400 0.242 0.223 0.280 0.253 0.276 


Propylene 0.873 0.696 0.652 0.640 0.692 0.639 


Propane 0.142 0.000 0.000 0.132 0.006 0.055 


Isobutane 0.000 0.000 0.000 0.000 0.056 0.072 


1-Butene 0.146 0.148 0.121 0.122 0.125 0.127 


1,3-Butadiene 0.059 0.022 0.034 0.029 0.041 0.041 


n-Butane 0.097 0.070 0.100 0.077 0.057 0.062 


trans-2-Butene 0.077 0.068 0.065 0.065 0.068 0.064 


cis-2-Butene 0.064 0.062 0.054 0.056 0.056 0.057 


Isopentane 0.401 0.353 0.359 0.311 0.329 0.287 


1-Pentene 0.019 0.017 0.016 0.015 0.015 0.013 


n-Pentane 0.168 0.157 0.175 0.144 0.134 0.113 
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Isoprene 0.031 0.020 0.020 0.013 0.019 0.016 


trans-2-Pentene 0.029 0.026 0.025 0.022 0.025 0.023 


cis-2-Pentene 0.017 0.016 0.015 0.013 0.015 0.014 


2,2-Dimethylbutane 0.037 0.035 0.029 0.029 0.032 0.027 


Cyclopentane 0.029 0.025 0.025 0.024 0.024 0.021 


2,3-Dimethylbutane 0.103 0.097 0.094 0.079 0.089 0.075 


2-Methylpentane 0.307 0.276 0.264 0.224 0.255 0.214 


3-Methylpentane 0.192 0.180 0.171 0.145 0.164 0.139 


1-Hexene 0.000 0.011 0.000 0.000 0.000 0.000 


n-Hexane 0.164 0.153 0.135 0.125 0.138 0.118 


Methylcyclopentane 0.213 0.191 0.181 0.156 0.177 0.151 


2,4-Dimethylpentane 0.150 0.140 0.131 0.109 0.129 0.105 


Benzene 1.047 0.892 0.860 0.784 0.869 0.787 


Cyclohexane 0.076 0.067 0.069 0.054 0.062 0.052 


2-Methylhexane 0.179 0.163 0.154 0.122 0.151 0.117 


2,3-Dimethylpentane 0.248 0.237 0.228 0.183 0.215 0.171 


3-Methylhexane 0.184 0.169 0.163 0.127 0.153 0.113 


2,2,4-Trimethylpentane 0.382 0.375 0.370 0.290 0.337 0.265 


n-Heptane 0.120 0.112 0.106 0.080 0.102 0.075 


Methylcyclohexane 0.114 0.107 0.090 0.081 0.092 0.070 


2,3,4-Trimethylpentane 0.132 0.129 0.123 0.098 0.115 0.088 


Toluene 1.178 1.009 0.972 0.852 0.981 0.855 


2-Methylheptane 0.113 0.108 0.125 0.082 0.098 0.075 


3-Methylheptane 0.100 0.096 0.695 0.075 0.087 0.067 


n-Octane 0.086 0.084 0.074 0.075 0.076 0.057 


Ethylbenzene 0.194 0.172 0.170 0.135 0.162 0.143 


m/p-Xylenes 0.624 0.522 0.501 0.420 0.512 0.438 


Styrene 0.021 0.005 0.000 0.000 0.007 0.000 


o-Xylene 0.209 0.177 0.175 0.140 0.168 0.141 


Nonane 0.040 0.039 0.030 0.028 0.034 0.023 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.018 0.017 0.000 0.012 0.014 0.012 


m-Ethyltoluene 0.132 0.118 0.082 0.086 0.107 0.087 


p-Ethyltoluene 0.056 0.054 0.025 0.038 0.047 0.037 
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1,3,5-Trimethylbenzene 0.090 0.080 0.063 0.057 0.068 0.048 


o-Ethyltoluene 0.048 0.037 0.027 0.028 0.033 0.040 


1,2,4-Trimethylbenzene 0.157 0.131 0.123 0.092 0.119 0.091 


n-Decane 0.008 0.016 0.000 0.025 0.018 0.014 


1,2,3-Trimethylbenzene 0.100 0.108 0.072 0.076 0.037 0.023 


m-Diethylbenzene 0.104 0.142 0.058 0.078 0.003 0.000 


p-Diethylbenzene 0.006 0.009 0.000 0.002 0.001 0.000 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.012 0.000 0.000 0.000 0.000 0.012 


Ethanol 0.694 0.481 0.563 1.091 1.089 0.990 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 
E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.104 0.081 0.108 0.074 0.075 0.087 


Acetaldehyde   0.190 0.155 0.148 0.185 0.222 0.212 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.254 0.276 0.301 0.313 0.307 0.171 


Propionaldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.019 0.014 0.006 0.009 0.014 0.003 


Benzaldehyde  0.015 0.000 0.000 0.000 0.000 0.000 


Valeraldehyde   0.017 0.023 0.000 0.000 0.021 0.017 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.017 0.023 0.009 0.013 0.002 0.000 


 


NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.009 0.008 0.008 0.007 0.008 0.005 


 


N2O and NH3 
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Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.013 0.020 0.021 0.030 0.032 0.011 


N2O-2 0.000 0.001 0.000 0.000 0.000 0.000 


N2O-3 0.001 0.013 0.010 0.003 0.005 0.005 


3N2O-w 0.003 0.008 0.007 0.007 0.008 0.004 


NH3 


NH3-1 0.002 0.002 0.001 0.001 0.001 0.001 


NH3-2 0.001 0.001 0.005 0.002 0.003 0.005 


NH3-3 0.003 0.002 0.003 0.005 0.043 0.004 


3NH3-w 0.002 0.001 0.004 0.003 0.014 0.004 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 44.525 ± 8.004 34.386 ± 6.682 


 


 


 


2020MY Jeep Compass 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10 E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.052 0.053 0.047 0.044 0.051 0.051 


THC-2 0.002 0.001 0.001 0.001 0.002 0.001 


THC-3 0.005 0.003 0.003 0.003 0.004 0.003 


3THC-w 0.013 0.012 0.011 0.011 0.012 0.012 


NMHC Emissions (g/mile) 


NMHC-1 0.039 0.038 0.034 0.034 0.036 0.037 


NMHC-2 0.001 0.000 0.001 0.000 0.000 0.000 


NMHC-3 0.001 0.000 0.000 0.000 0.001 0.000 


3NMHC-w 0.009 0.008 0.008 0.007 0.008 0.008 


CH4 Emissions (g/mile) 


CH4-1 0.013 0.015 0.013 0.010 0.014 0.014 


CH4-2 0.001 0.001 0.001 0.001 0.001 0.001 


CH4-3 0.003 0.003 0.003 0.003 0.003 0.003 


3CH4-W 0.004 0.004 0.004 0.003 0.005 0.004 
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CO Emissions (g/mile) 


CO-1 1.691 2.294 1.687 1.283 1.731 1.741 


CO-2 0.131 0.148 0.138 0.244 0.190 0.218 


CO-3 0.560 0.404 0.315 0.355 0.307 0.253 


3CO-w 0.572 0.662 0.508 0.490 0.541 0.543 


NOx Emissions (g/mile) 


NOx-1 0.007 0.010 0.004 0.004 0.009 0.003 


NOx-2 0.002 0.002 0.001 0.002 0.002 0.002 


NOx-3 0.005 0.004 0.003 0.005 0.003 0.002 


3NOx-w 0.004 0.004 0.002 0.003 0.004 0.002 


CO2 Emissions (g/mile) 


CO2-1 371.188 393.442 383.242 355.765 367.147 364.265 


CO2-2 361.352 360.932 363.457 354.474 360.273 358.772 


CO2-3 312.558 309.694 307.007 296.342 301.201 299.135 


3CO2-w 349.976 353.598 352.056 338.776 345.489 343.534 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 22.763 21.433 22.054 23.323 22.560 22.736 


FE-2 23.546 23.572 23.409 23.523 23.151 23.245 


FE-3 27.160 27.433 27.685 28.115 27.669 27.868 


3FE-w 24.261 24.003 24.125 24.582 24.100 24.236 


 


PM mass and black carbon 


Pollutants  Phase  


E10 E15 


Run1 
Run


2 


Run


3 
Run1 


Run


1 


Run


2 


Black carbon 


(mg/mile) 


PM-soot 1 
problematic (MSS not operating, fuse 


burned) 


1.09


9 


1.06


7 


problematic (secondary dilution not 


operating) 


1.09


5 


0.84


0 


PM-soot 2 
problematic (MSS not operating, fuse 


burned) 


0.35


6 


0.42


2 


problematic (secondary dilution not 


operating) 


0.39


0 


0.39


6 


PM-soot 3 
problematic (MSS not operating, fuse 


burned) 


0.22


9 


0.26


2 


problematic (secondary dilution not 


operating) 


0.24


0 


0.24


3 


3PM-soot-


w 


problematic (MSS not operating, fuse 


burned) 


0.47


4 


0.51


2 


problematic (secondary dilution not 


operating) 


0.49


5 


0.44


6 


PM mass (mg/mile) 


 PM-1 6.299 
4.89


0 


4.35


3 
2.578 


4.51


6 


3.95


6 


PM-2 0.170 
0.00


0 


0.08


2 
0.000 


0.10


6 


0.02


2 


PM-3 0.101 
0.02


9 


0.03


6 
0.000 


0.00


0 


0.00


0 
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3PM mass-


w 
1.422 


1.01


9 


0.95


4 
0.534 


0.98


8 


0.83


0 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 9.34E+12 8.14E+12 7.52E+12 5.24E+12 7.20E+12 6.41E+12 


SPN-2 6.01E+11 4.91E+11 7.56E+11 4.85E+11 6.84E+11 6.00E+11 


SPN-3 3.59E+11 4.18E+11 3.39E+11 2.29E+11 2.03E+11 1.93E+11 


3SPN-w 2.35E+12 2.05E+12 2.04E+12 1.40E+12 1.90E+12 1.69E+12 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 1.025 0.638 0.895 0.801 0.917 0.923 


Acetylene 0.295 0.238 0.362 0.266 0.625 0.514 


Ethane 0.558 0.338 0.451 0.280 0.556 0.434 


Propylene 0.844 0.527 0.728 0.578 0.709 0.693 


Propane 0.151 0.100 0.159 0.000 0.174 0.187 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.071 


1-Butene 0.138 0.080 0.112 0.101 0.116 0.103 


1,3-Butadiene 0.011 0.072 0.041 0.038 0.044 0.040 


n-Butane 0.147 0.137 0.135 0.159 0.166 0.135 


trans-2-Butene 0.085 0.053 0.071 0.062 0.071 0.066 


cis-2-Butene 0.067 0.041 0.057 0.052 0.057 0.052 


Isopentane 0.531 0.649 0.466 0.623 0.589 0.772 


1-Pentene 0.020 0.000 0.000 0.000 0.000 0.019 


n-Pentane 0.237 0.246 0.225 0.272 0.259 0.296 


Isoprene 0.014 0.011 0.016 0.013 0.017 0.017 


trans-2-Pentene 0.034 0.035 0.031 0.038 0.034 0.042 


cis-2-Pentene 0.019 0.020 0.000 0.022 0.020 0.024 


2,2-Dimethylbutane 0.045 0.048 0.040 0.046 0.044 0.050 


Cyclopentane 0.034 0.037 0.031 0.038 0.037 0.044 


2,3-Dimethylbutane 0.117 0.120 0.105 0.126 0.118 0.135 
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2-Methylpentane 0.330 0.324 0.293 0.352 0.328 0.371 


3-Methylpentane 0.210 0.261 0.182 0.219 0.207 0.229 


1-Hexene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Hexane 0.170 0.156 0.149 0.176 0.166 0.179 


Methylcyclopentane 0.214 0.188 0.188 0.219 0.207 0.225 


2,4-Dimethylpentane 0.143 0.126 0.124 0.139 0.135 0.139 


Benzene 0.826 0.527 0.694 0.569 0.684 0.690 


Cyclohexane 0.072 0.060 0.062 0.071 0.068 0.072 


2-Methylhexane 0.136 0.105 0.113 0.126 0.128 0.126 


2,3-Dimethylpentane 0.208 0.176 0.182 0.200 0.197 0.197 


3-Methylhexane 0.137 0.098 0.127 0.119 0.135 0.117 


2,2,4-Trimethylpentane 0.320 0.262 0.277 0.292 0.302 0.289 


n-Heptane 0.078 0.048 0.063 0.061 0.075 0.068 


Methylcyclohexane 0.091 0.050 0.073 0.080 0.079 0.075 


2,3,4-Trimethylpentane 0.100 0.077 0.086 0.088 0.094 0.088 


Toluene 0.968 0.675 0.874 0.773 1.050 0.844 


2-Methylheptane 0.090 0.067 0.075 0.074 0.082 0.075 


3-Methylheptane 0.079 0.060 0.073 0.065 0.073 0.066 


n-Octane 0.078 0.058 0.073 0.066 0.081 0.071 


Ethylbenzene 0.167 0.117 0.152 0.127 0.156 0.150 


m/p-Xylenes 0.526 0.380 0.481 0.399 0.497 0.481 


Styrene 0.000 0.000 0.000 0.000 0.000 0.000 


o-Xylene 0.174 0.125 0.158 0.131 0.159 0.154 


Nonane 0.035 0.030 0.032 0.027 0.032 0.029 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


m-Ethyltoluene 0.117 0.090 0.106 0.087 0.103 0.101 


p-Ethyltoluene 0.053 0.042 0.055 0.042 0.049 0.047 


1,3,5-Trimethylbenzene 0.082 0.044 0.063 0.052 0.061 0.055 


o-Ethyltoluene 0.043 0.029 0.159 0.024 0.033 0.031 


1,2,4-Trimethylbenzene 0.125 0.096 0.117 0.088 0.106 0.106 


n-Decane 0.023 0.004 0.020 0.026 0.046 0.044 


1,2,3-Trimethylbenzene 0.269 0.031 0.216 0.251 0.191 0.141 


m-Diethylbenzene 0.423 0.000 0.264 0.381 0.213 0.185 
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p-Diethylbenzene 0.026 0.000 0.011 0.018 0.004 0.000 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.022 0.000 0.034 0.000 0.019 0.023 


Ethanol 0.000 0.506 0.649 1.335 1.632 1.666 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.064 0.020 0.055 0.111 0.125 0.066 


Acetaldehyde   0.214 0.233 0.225 0.279 0.348 0.268 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.097 0.196 0.347 0.440 0.625 0.165 


Propionaldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.005 0.000 0.011 0.000 0.007 0.000 


Benzaldehyde  0.000 0.000 0.000 0.000 0.000 0.000 


Valeraldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.058 0.003 0.050 0.067 0.051 0.025 


 


NMOG  
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.009 0.008 0.008 0.008 0.009 0.009 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.023 0.021 0.024 0.012 0.038 0.025 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.003 0.004 0.008 0.001 0.005 0.001 


3N2O-w 0.006 0.005 0.007 0.003 0.009 0.006 
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NH3 


NH3-1 0.004 0.004 0.004 0.005 0.007 0.012 


NH3-2 0.001 0.035 0.002 0.002 0.002 0.003 


NH3-3 0.001 0.009 0.006 0.007 0.007 0.002 


3NH3-w 0.002 0.022 0.004 0.004 0.005 0.004 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 63.072 ± 10.961 63.407 ± 5.860 


 


 


 


 


 


2016MY Nissan Rogue 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.070 0.075 0.080 0.081 0.071 0.069 


THC-2 0.001 0.001 0.001 0.002 0.001 0.001 


THC-3 0.008 0.008 0.009 0.008 0.009 0.008 


3THC-w 0.017 0.018 0.019 0.020 0.018 0.017 


NMHC Emissions (g/mile) 


NMHC-1 0.063 0.067 0.071 0.073 0.062 0.062 


NMHC-2 0.000 0.001 0.000 0.001 0.000 0.000 


NMHC-3 0.004 0.004 0.004 0.004 0.005 0.004 


3NMHC-w 0.014 0.015 0.016 0.017 0.014 0.014 


CH4 Emissions (g/mile) 


CH4-1 0.008 0.008 0.009 0.008 0.009 0.008 


CH4-2 0.001 0.001 0.000 0.001 0.001 0.001 


CH4-3 0.004 0.004 0.005 0.004 0.005 0.004 


3CH4-W 0.003 0.003 0.003 0.003 0.004 0.003 


CO Emissions (g/mile) 


CO-1 0.680 0.831 0.809 0.766 0.791 0.610 


CO-2 0.049 0.109 0.024 0.023 0.010 0.000 


CO-3 0.468 0.462 0.543 0.452 0.439 0.472 
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3CO-w 0.296 0.355 0.329 0.295 0.290 0.256 


NOx Emissions (g/mile) 


NOx-1 0.055 0.060 0.082 0.041 0.037 0.046 


NOx-2 0.000 0.001 0.000 0.000 0.000 0.000 


NOx-3 0.004 0.011 0.011 0.000 0.000 0.000 


3NOx-w 0.013 0.016 0.020 0.009 0.008 0.010 


CO2 Emissions (g/mile) 


CO2-1 316.785 313.073 317.639 306.398 314.439 323.699 


CO2-2 299.331 296.412 294.582 289.652 300.738 305.213 


CO2-3 273.936 273.423 269.372 250.764 271.512 272.936 


3CO2-w 295.968 293.557 292.445 282.439 295.544 300.170 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 27.116 26.425 25.696 26.766 27.061 26.675 


FE-2 28.815 27.755 27.350 28.434 28.705 28.896 


FE-3 33.191 30.664 30.499 30.992 31.051 31.502 


3FE-w 29.501 28.196 27.767 28.714 28.940 29.054 


 


PM mass and black carbon 


Pollutants  Phase  
E10 E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 0.099 0.066 0.120 0.090 0.087 0.141 


PM-soot 2 0.027 0.018 0.033 0.031 0.036 0.023 


PM-soot 3 0.024 0.019 0.028 0.030 0.031 0.024 


3PM-soot-w 0.041 0.028 0.050 0.043 0.045 0.048 


PM mass (mg/mile) 


 PM-1 0.212 0.176 0.169 0.016 0.256 0.115 


PM-2 0.079 0.097 0.000 0.000 0.016 0.000 


PM-3 0.000 0.051 0.024 0.001 0.000 0.000 


3PM mass-w 0.085 0.101 0.042 0.004 0.061 0.024 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 4.68E+11 3.16E+11 3.89E+11 3.55E+11 3.46E+11 4.86E+11 


SPN-2 8.57E+09 4.43E+09 9.30E+09 1.40E+10 2.69E+10 1.28E+10 


SPN-3 1.39E+10 1.24E+10 1.56E+10 1.91E+10 2.75E+10 2.19E+10 
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3SPN-w 1.06E+11 7.12E+10 8.98E+10 8.64E+10 9.33E+10 1.14E+11 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 1.377 1.304 1.530 1.327 1.286 1.328 


Acetylene 1.101 1.235 0.784 0.927 1.082 0.858 


Ethane 0.686 0.538 0.658 0.688 0.539 0.558 


Propylene 1.038 0.999 1.161 0.925 0.895 0.978 


Propane 0.133 0.000 0.043 0.251 0.000 0.025 


Isobutane 0.000 0.000 0.000 0.000 0.383 0.146 


1-Butene 0.162 0.153 0.181 0.145 0.143 0.151 


1,3-Butadiene 0.056 0.000 0.080 0.101 0.076 0.312 


n-Butane 0.121 0.093 0.108 0.276 0.261 0.242 


trans-2-Butene 0.078 0.079 0.090 0.077 0.074 0.082 


cis-2-Butene 0.058 0.060 0.068 0.059 0.059 0.059 


Isopentane 1.204 1.263 1.371 1.908 1.249 1.177 


1-Pentene 0.037 0.035 0.038 0.049 0.036 0.038 


n-Pentane 0.488 0.445 0.502 0.686 0.524 0.422 


Isoprene 0.060 0.037 0.074 0.055 0.051 0.056 


trans-2-Pentene 0.057 0.057 0.063 0.091 0.056 0.056 


cis-2-Pentene 0.033 0.033 0.037 0.052 0.032 0.033 


2,2-Dimethylbutane 0.098 0.083 0.111 0.137 0.102 0.097 


Cyclopentane 0.073 0.075 0.078 0.099 0.072 0.070 


2,3-Dimethylbutane 0.261 0.179 0.300 0.373 0.275 0.259 


2-Methylpentane 0.715 0.418 0.827 1.011 0.747 0.829 


3-Methylpentane 0.455 0.276 0.528 0.637 0.475 0.492 


1-Hexene 0.000 0.000 0.000 0.024 0.020 0.000 


n-Hexane 0.357 0.131 0.416 0.494 0.375 0.359 


Methylcyclopentane 0.443 0.387 0.519 0.614 0.462 0.472 


2,4-Dimethylpentane 0.312 0.045 0.359 0.398 0.316 0.303 


Benzene 0.754 0.200 0.842 0.691 0.752 0.771 


Cyclohexane 0.148 0.130 0.173 0.200 0.157 0.150 


2-Methylhexane 0.339 0.000 0.401 0.435 0.347 0.334 
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2,3-Dimethylpentane 0.496 0.029 0.580 0.625 0.512 0.478 


3-Methylhexane 0.343 0.000 0.403 0.479 0.369 0.401 


2,2,4-Trimethylpentane 0.712 0.032 0.834 0.858 0.737 0.726 


n-Heptane 0.199 0.000 0.239 0.277 0.214 0.198 


Methylcyclohexane 0.191 0.000 0.230 0.276 0.231 0.201 


2,3,4-Trimethylpentane 0.230 0.000 0.266 0.270 0.243 0.230 


Toluene 3.382 0.000 1.415 1.353 1.256 1.220 


2-Methylheptane 0.167 0.000 0.210 0.208 0.188 0.195 


3-Methylheptane 0.162 0.000 0.187 0.184 0.171 0.164 


n-Octane 0.129 0.000 0.149 0.160 0.166 0.140 


Ethylbenzene 0.254 0.000 0.294 0.259 0.232 0.237 


m/p-Xylenes 0.850 0.000 0.995 0.863 0.778 0.798 


Styrene 0.012 0.000 0.016 0.000 0.000 0.001 


o-Xylene 0.290 0.000 0.341 0.298 0.266 0.276 


Nonane 0.058 0.000 0.068 0.063 0.056 0.063 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.032 0.000 0.038 0.035 0.031 0.031 


m-Ethyltoluene 0.209 0.000 0.250 0.200 0.182 0.190 


p-Ethyltoluene 0.102 0.000 0.123 0.098 0.093 0.096 


1,3,5-Trimethylbenzene 0.120 0.000 0.148 0.150 0.138 0.116 


o-Ethyltoluene 0.062 0.000 0.064 0.052 0.047 0.048 


1,2,4-Trimethylbenzene 0.249 0.000 0.300 0.221 0.200 0.219 


n-Decane 0.036 0.000 0.030 0.051 0.105 0.063 


1,2,3-Trimethylbenzene 0.047 0.000 0.047 0.529 0.496 0.156 


m-Diethylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


p-Diethylbenzene 0.000 0.000 0.000 0.066 0.070 0.015 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.000 0.000 0.032 0.000 0.043 0.000 


Ethanol 1.039 1.223 1.370 3.121 2.222 2.039 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 
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Formaldehyde  0.337 0.254 0.297 0.300 0.419 0.349 


Acetaldehyde   0.451 0.423 0.459 0.592 0.561 0.600 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.339 0.058 0.045 0.524 0.290 0.315 


Propionaldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.028 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.022 0.007 0.004 0.003 0.000 0.000 


Benzaldehyde  0.038 0.036 0.040 0.026 0.028 0.031 


Valeraldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.027 0.000 0.106 0.076 0.004 


 


NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.015 0.016 0.017 0.018 0.016 0.015 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.134 0.130 0.217 0.153 0.101 0.083 


N2O-2 0.011 0.003 0.000 0.000 0.000 0.000 


N2O-3 0.019 0.035 0.042 0.010 0.000 0.017 


3N2O-w 0.039 0.038 0.057 0.034 0.021 0.022 


NH3 


NH3-1 0.001 0.006 0.002 0.007 0.014 0.005 


NH3-2 0.003 0.001 0.004 0.001 0.001 0.001 


NH3-3 0.004 0.003 0.006 0.025 0.002 0.002 


3NH3-w 0.003 0.003 0.004 0.009 0.004 0.002 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 72.396 ± 13.385 78.596 ± 10.443 
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2019MY Toyota Rav4 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.068 0.071 0.075 0.068 0.073 0.073 


THC-2 0.001 0.002 0.002 0.002 0.002 0.002 


THC-3 0.006 0.005 0.007 0.006 0.007 0.007 


3THC-w 0.017 0.017 0.018 0.017 0.018 0.018 


NMHC Emissions (g/mile) 


NMHC-1 0.056 0.058 0.061 0.056 0.059 0.059 


NMHC-2 0.000 0.000 0.001 0.000 0.000 0.000 


NMHC-3 0.002 0.001 0.003 0.002 0.002 0.002 


3NMHC-w 0.012 0.012 0.014 0.012 0.013 0.013 


CH4 Emissions (g/mile) 


CH4-1 0.012 0.012 0.014 0.012 0.014 0.014 


CH4-2 0.001 0.002 0.001 0.002 0.002 0.002 


CH4-3 0.005 0.004 0.005 0.004 0.005 0.005 


3CH4-W 0.004 0.005 0.005 0.005 0.005 0.005 


CO Emissions (g/mile) 


CO-1 1.122 1.268 1.449 1.255 1.259 1.278 


CO-2 0.000 0.000 0.000 0.018 0.000 0.000 


CO-3 0.000 0.000 0.000 0.081 0.000 0.036 


3CO-w 0.233 0.263 0.300 0.291 0.261 0.275 


NOx Emissions (g/mile) 


NOx-1 0.006 0.006 0.006 0.007 0.006 0.005 


NOx-2 0.003 0.004 0.003 0.003 0.004 0.004 


NOx-3 0.002 0.005 0.002 0.002 0.002 0.002 


3NOx-w 0.004 0.004 0.004 0.004 0.004 0.004 


CO2 Emissions (g/mile) 


CO2-1 278.183 276.321 274.536 271.206 274.465 274.590 


CO2-2 269.736 269.301 265.573 263.781 268.712 267.625 


CO2-3 242.529 240.782 239.129 238.280 238.709 239.592 


3CO2-w 264.012 262.914 260.179 258.323 261.655 261.372 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 30.389 30.566 30.730 30.535 30.173 30.156 


FE-2 31.562 31.613 32.056 31.642 31.065 31.191 


FE-3 35.100 35.355 35.599 35.011 34.967 34.830 
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3FE-w 32.196 32.324 32.655 32.251 31.847 31.878 


 


PM mass and black carbon 


Pollutants  Phase  
E10 E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 0.116 0.099 0.108 0.103 0.115 0.102 


PM-soot 2 0.079 0.074 0.068 0.033 0.030 0.037 


PM-soot 3 0.058 0.037 0.040 0.019 0.017 0.024 


3PM-soot-w 0.081 0.069 0.069 0.044 0.044 0.047 


PM mass (mg/mile) 


 PM-1 0.041 0.148 0.062 0.362 0.052 0.195 


PM-2 0.063 0.026 0.056 0.000 0.012 0.000 


PM-3 0.000 0.062 0.161 0.060 0.000 0.012 


3PM mass-w 0.041 0.061 0.086 0.092 0.017 0.044 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 9.45E+11 9.35E+11 1.12E+12 9.87E+11 1.05E+12 9.00E+11 


SPN-2 1.30E+12 1.29E+12 1.22E+12 6.91E+11 7.17E+11 7.42E+11 


SPN-3 7.40E+11 5.86E+11 6.63E+11 2.71E+11 2.90E+11 4.34E+11 


3SPN-w 1.07E+12 1.02E+12 1.05E+12 6.37E+11 6.69E+11 6.90E+11 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 2.518 2.580 2.744 2.612 1.871 2.579 


Acetylene 0.971 1.013 0.879 0.942 0.945 0.958 


Ethane 0.615 0.598 0.828 0.743 0.296 0.643 


Propylene 1.484 1.531 1.610 1.429 1.515 1.516 


Propane 0.037 0.000 0.244 0.261 0.000 0.032 


Isobutane 0.226 0.109 0.000 0.000 0.000 0.000 


1-Butene 0.275 0.264 0.278 0.269 0.265 0.256 


1,3-Butadiene 0.072 0.105 0.063 0.059 0.070 0.057 
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n-Butane 0.181 0.156 0.040 0.056 0.022 0.074 


trans-2-Butene 0.199 0.210 0.240 0.208 0.203 0.207 


cis-2-Butene 0.181 0.183 0.212 0.196 0.180 0.183 


Isopentane 0.394 0.450 0.429 0.368 0.400 0.440 


1-Pentene 0.022 0.023 0.023 0.021 0.000 0.023 


n-Pentane 0.160 0.182 0.156 0.171 0.158 0.188 


Isoprene 0.024 0.029 0.026 0.022 0.024 0.026 


trans-2-Pentene 0.035 0.039 0.042 0.035 0.036 0.038 


cis-2-Pentene 0.021 0.023 0.024 0.021 0.022 0.023 


2,2-Dimethylbutane 0.038 0.041 0.042 0.033 0.040 0.041 


Cyclopentane 0.035 0.039 0.036 0.029 0.031 0.036 


2,3-Dimethylbutane 0.094 0.108 0.106 0.085 0.104 0.106 


2-Methylpentane 0.263 0.310 0.294 0.246 0.289 0.292 


3-Methylpentane 0.169 0.197 0.194 0.169 0.185 0.192 


1-Hexene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Hexane 0.154 0.167 0.169 0.173 0.165 0.165 


Methylcyclopentane 0.184 0.202 0.203 0.178 0.198 0.201 


2,4-Dimethylpentane 0.128 0.151 0.147 0.119 0.145 0.142 


Benzene 1.359 1.355 1.361 1.233 1.364 1.300 


Cyclohexane 0.068 0.084 0.074 0.063 0.071 0.072 


2-Methylhexane 0.126 0.160 0.148 0.115 0.145 0.142 


2,3-Dimethylpentane 0.199 0.229 0.226 0.179 0.218 0.218 


3-Methylhexane 0.143 0.164 0.148 0.103 0.136 0.138 


2,2,4-Trimethylpentane 0.324 0.357 0.364 0.299 0.358 0.356 


n-Heptane 0.073 0.089 0.092 0.059 0.090 0.087 


Methylcyclohexane 0.086 0.093 0.103 0.076 0.082 0.097 


2,3,4-Trimethylpentane 0.105 0.115 0.120 0.099 0.117 0.116 


Toluene 1.890 1.911 1.967 1.773 1.918 1.948 


2-Methylheptane 0.099 0.214 0.108 0.091 0.104 0.103 


3-Methylheptane 0.089 0.157 0.096 0.081 0.094 0.092 


n-Octane 0.090 0.135 0.095 0.084 0.083 0.087 


Ethylbenzene 0.280 0.277 0.322 0.290 0.295 0.301 


m/p-Xylenes 1.012 0.971 1.117 0.981 1.050 1.075 


Styrene 0.016 0.006 0.021 0.016 0.018 0.029 
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o-Xylene 0.300 0.289 0.333 0.293 0.314 0.320 


Nonane 0.038 0.032 0.039 0.036 0.040 0.042 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.024 0.000 0.027 0.021 0.023 0.024 


m-Ethyltoluene 0.191 0.167 0.222 0.195 0.203 0.208 


p-Ethyltoluene 0.095 0.082 0.109 0.095 0.098 0.099 


1,3,5-Trimethylbenzene 0.112 0.065 0.132 0.110 0.109 0.120 


o-Ethyltoluene 0.072 0.043 0.054 0.042 0.066 0.136 


1,2,4-Trimethylbenzene 0.235 0.170 0.271 0.231 0.249 0.269 


n-Decane 0.052 0.000 0.071 0.058 0.025 0.035 


1,2,3-Trimethylbenzene 0.177 0.000 0.225 0.174 0.030 0.083 


m-Diethylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


p-Diethylbenzene 0.020 0.000 0.031 0.021 0.000 0.006 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.024 0.000 0.029 0.000 0.021 0.000 


Ethanol 0.642 0.492 0.377 0.726 0.735 0.960 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.215 0.152 0.090 0.117 0.074 0.165 


Acetaldehyde   0.246 0.276 0.256 0.353 0.377 0.406 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.234 0.513 0.000 0.130 0.029 0.129 


Propionaldehyde   0.000 0.028 0.000 0.000 0.000 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.000 0.016 0.000 0.000 0.003 0.000 


Benzaldehyde  0.031 0.032 0.065 0.033 0.034 0.025 


Valeraldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.000 0.034 0.029 0.000 0.004 
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NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.013 0.013 0.014 0.012 0.013 0.013 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.075 0.037 0.052 0.038 0.027 0.052 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.000 0.004 0.002 0.004 0.001 0.002 


3N2O-w 0.016 0.009 0.011 0.009 0.006 0.011 


NH3 


NH3-1 0.019 0.010 0.006 0.002 0.012 0.006 


NH3-2 0.003 0.002 0.001 0.001 0.007 0.001 


NH3-3 0.003 0.003 0.002 0.001 0.004 0.002 


3NH3-w 0.006 0.004 0.002 0.001 0.007 0.002 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 65.692 ± 7.465 65.705 ± 4.458 


 


 


 


 


 


 


 


 


2018MY Honda Civic 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 
THC-1 0.056 0.050 0.052 0.055 0.057 0.058 


THC-2 0.002 0.002 0.002 0.002 0.002 0.002 
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THC-3 0.005 0.005 0.005 0.005 0.005 0.005 


3THC-w 0.014 0.013 0.013 0.014 0.014 0.014 


NMHC Emissions (g/mile) 


NMHC-1 0.042 0.036 0.038 0.040 0.042 0.043 


NMHC-2 0.000 0.000 0.000 0.000 0.000 0.000 


NMHC-3 0.001 0.000 0.000 0.000 0.000 0.001 


3NMHC-w 0.009 0.008 0.008 0.008 0.009 0.009 


CH4 Emissions (g/mile) 


CH4-1 0.014 0.014 0.014 0.015 0.015 0.015 


CH4-2 0.002 0.002 0.002 0.002 0.002 0.002 


CH4-3 0.004 0.004 0.004 0.005 0.005 0.004 


3CH4-W 0.005 0.005 0.005 0.005 0.005 0.005 


CO Emissions (g/mile) 


CO-1 0.551 0.564 0.547 0.576 0.594 0.671 


CO-2 0.000 0.004 0.000 0.051 0.019 0.000 


CO-3 0.137 0.087 0.075 0.055 0.096 0.076 


3CO-w 0.152 0.143 0.134 0.161 0.159 0.159 


NOx Emissions (g/mile) 


NOx-1 0.033 0.040 0.029 0.021 0.033 0.027 


NOx-2 0.008 0.012 0.009 0.007 0.008 0.011 


NOx-3 0.004 0.006 0.005 0.004 0.004 0.005 


3NOx-w 0.012 0.016 0.012 0.009 0.012 0.012 


CO2 Emissions (g/mile) 


CO2-1 249.307 246.154 250.288 251.998 247.922 243.396 


CO2-2 259.711 266.573 259.234 258.285 259.830 257.230 


CO2-3 217.897 217.610 222.404 218.164 221.817 220.333 


3CO2-w 246.056 248.902 247.297 245.979 246.973 244.301 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 32.986 33.521 34.124 34.007 34.441 33.877 


FE-2 32.309 32.123 32.451 32.780 31.935 32.840 


FE-3 38.245 37.604 37.863 39.030 39.095 38.257 


3FE-w 33.896 33.760 34.128 34.560 34.168 34.391 


 


PM mass and black carbon 


Pollutants  Phase  
E10 E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) PM-soot 1 1.996 1.373 0.540 1.930 1.207 1.061 
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PM-soot 2 0.083 0.124 0.084 0.082 0.087 0.093 


PM-soot 3 0.099 0.173 0.112 0.116 0.198 0.106 


3PM-soot-w 0.484 0.396 0.186 0.474 0.348 0.296 


PM mass (mg/mile) 


 PM-1 2.460 1.653 2.671 2.113 1.559 1.302 


PM-2 0.079 0.121 0.236 0.080 0.103 0.123 


PM-3 0.166 0.324 0.252 0.241 0.426 0.156 


3PM mass-w 0.596 0.494 0.744 0.545 0.492 0.375 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 4.69E+12 3.48E+12 1.30E+12 3.55E+12 3.15E+12 3.06E+12 


SPN-2 3.96E+11 6.29E+11 3.50E+11 3.63E+11 4.20E+11 3.96E+11 


SPN-3 3.46E+11 4.51E+11 3.24E+11 2.72E+11 3.74E+11 3.41E+11 


3SPN-w 1.27E+12 1.17E+12 5.39E+11 9.98E+11 9.70E+11 9.31E+11 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 1.301 0.980 0.687 0.832 0.729 0.786 


Acetylene 0.342 0.201 0.303 0.395 0.425 0.445 


Ethane 0.691 0.511 0.462 0.466 0.386 0.469 


Propylene 0.528 0.375 0.489 0.573 0.487 0.528 


Propane 0.132 0.000 0.221 0.021 0.000 0.065 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.081 0.053 0.066 0.087 0.071 0.080 


1,3-Butadiene 0.049 0.000 0.023 0.096 0.068 0.054 


n-Butane 0.058 0.043 0.050 0.066 0.055 0.059 


trans-2-Butene 0.047 0.036 0.042 0.050 0.045 0.048 


cis-2-Butene 0.037 0.028 0.033 0.040 0.036 0.039 


Isopentane 0.890 0.817 0.755 0.813 0.883 0.812 


1-Pentene 0.016 0.012 0.011 0.016 0.015 0.014 


n-Pentane 0.307 0.289 0.268 0.284 0.317 0.286 
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Isoprene 0.019 0.007 0.013 0.020 0.016 0.014 


trans-2-Pentene 0.026 0.020 0.022 0.026 0.026 0.024 


cis-2-Pentene 0.015 0.011 0.012 0.015 0.015 0.014 


2,2-Dimethylbutane 0.072 0.069 0.066 0.068 0.075 0.068 


Cyclopentane 0.043 0.040 0.037 0.046 0.044 0.041 


2,3-Dimethylbutane 0.183 0.168 0.164 0.164 0.189 0.173 


2-Methylpentane 0.488 0.445 0.437 0.441 0.502 0.465 


3-Methylpentane 0.313 0.284 0.280 0.277 0.321 0.297 


1-Hexene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Hexane 0.240 0.216 0.221 0.208 0.251 0.231 


Methylcyclopentane 0.287 0.258 0.258 0.255 0.296 0.273 


2,4-Dimethylpentane 0.214 0.160 0.191 0.171 0.223 0.202 


Benzene 0.602 0.461 0.576 0.505 0.567 0.622 


Cyclohexane 0.097 0.087 0.087 0.087 0.101 0.093 


2-Methylhexane 0.237 0.144 0.209 0.159 0.250 0.228 


2,3-Dimethylpentane 0.358 0.238 0.317 0.253 0.369 0.337 


3-Methylhexane 0.238 0.137 0.218 0.153 0.256 0.234 


2,2,4-Trimethylpentane 0.530 0.236 0.468 0.307 0.549 0.503 


n-Heptane 0.151 0.061 0.130 0.071 0.156 0.143 


Methylcyclohexane 0.141 0.095 0.115 0.092 0.136 0.131 


2,3,4-Trimethylpentane 0.176 0.044 0.150 0.065 0.181 0.165 


Toluene 0.665 0.342 0.591 0.223 0.678 0.717 


2-Methylheptane 0.132 0.017 0.111 0.031 0.132 0.121 


3-Methylheptane 0.119 0.018 0.099 0.027 0.119 0.108 


n-Octane 0.097 0.000 0.081 0.000 0.091 0.087 


Ethylbenzene 0.122 0.016 0.092 0.013 0.115 0.117 


m/p-Xylenes 0.444 0.044 0.343 0.020 0.430 0.415 


Styrene 0.003 0.000 0.000 0.000 0.000 0.000 


o-Xylene 0.156 0.012 0.118 0.000 0.151 0.143 


Nonane 0.045 0.000 0.032 0.000 0.043 0.038 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.013 0.000 0.000 0.000 0.012 0.011 


m-Ethyltoluene 0.097 0.000 0.061 0.000 0.082 0.077 


p-Ethyltoluene 0.047 0.000 0.029 0.000 0.039 0.038 
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1,3,5-Trimethylbenzene 0.086 0.000 0.053 0.000 0.073 0.063 


o-Ethyltoluene 0.028 0.000 0.026 0.000 0.023 0.019 


1,2,4-Trimethylbenzene 0.138 0.000 0.089 0.000 0.126 0.104 


n-Decane 0.035 0.000 0.025 0.000 0.017 0.019 


1,2,3-Trimethylbenzene 0.138 0.000 0.008 0.000 0.009 0.037 


m-Diethylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


p-Diethylbenzene 0.025 0.000 0.000 0.000 0.000 0.000 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.000 0.000 0.020 0.000 0.000 0.000 


Ethanol 0.316 0.141 0.219 0.621 0.459 0.548 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.286 0.140 0.202 0.242 0.184 0.245 


Acetaldehyde   0.278 0.198 0.245 0.325 0.307 0.358 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.009 0.000 0.000 0.024 0.000 0.000 


Propionaldehyde   0.019 0.016 0.017 0.018 0.000 0.020 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.017 0.016 0.016 0.000 0.000 0.000 


MEK & Butyraldehyde 0.020 0.016 0.010 0.010 0.001 0.011 


Benzaldehyde  0.024 0.015 0.016 0.019 0.021 0.020 


Valeraldehyde   0.000 0.000 0.017 0.000 0.000 0.016 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.008 0.010 0.000 0.000 0.000 0.011 


 


NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.009 0.008 0.008 0.009 0.009 0.010 


 


N2O and NH3 
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Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.081 0.084 0.113 0.100 0.078 0.072 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.001 0.001 0.001 0.000 0.000 0.000 


3N2O-w 0.017 0.018 0.024 0.021 0.016 0.015 


NH3 


NH3-1 0.004 0.002 0.006 0.002 0.004 0.001 


NH3-2 0.002 0.001 0.003 0.003 0.002 0.001 


NH3-3 0.002 0.001 0.002 0.001 0.001 0.001 


3NH3-w 0.002 0.001 0.003 0.002 0.002 0.001 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 33.625 ± 7.251 36.910 ± 5.066 


 


 


 


 


 


 


 


 


 


2016MY Mazda3 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.029 0.035 0.038 0.030 0.038 0.039 


THC-2 0.001 0.001 0.001 0.001 0.000 0.001 


THC-3 0.008 0.008 0.009 0.007 0.005 0.007 


3THC-w 0.009 0.010 0.011 0.009 0.010 0.010 


NMHC Emissions (g/mile) 


NMHC-1 0.021 0.026 0.028 0.023 0.029 0.031 


NMHC-2 0.000 0.000 0.000 0.000 0.000 0.000 


NMHC-3 0.001 0.001 0.001 0.001 0.001 0.001 
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3NMHC-w 0.005 0.006 0.006 0.005 0.006 0.007 


CH4 Emissions (g/mile) 


CH4-1 0.008 0.009 0.010 0.006 0.009 0.008 


CH4-2 0.001 0.001 0.001 0.001 0.001 0.001 


CH4-3 0.007 0.006 0.008 0.006 0.004 0.005 


3CH4-W 0.004 0.004 0.005 0.003 0.004 0.004 


CO Emissions (g/mile) 


CO-1 0.196 0.250 0.259 0.187 0.343 0.316 


CO-2 0.000 0.000 0.000 0.021 0.000 0.000 


CO-3 0.001 0.025 0.023 0.031 0.005 0.007 


3CO-w 0.041 0.059 0.060 0.058 0.072 0.067 


NOx Emissions (g/mile) 


NOx-1 0.014 0.016 0.015 0.022 0.015 0.012 


NOx-2 0.009 0.010 0.010 0.013 0.012 0.011 


NOx-3 0.010 0.012 0.011 0.009 0.010 0.014 


3NOx-w 0.010 0.012 0.011 0.014 0.012 0.012 


CO2 Emissions (g/mile) 


CO2-1 242.479 258.155 253.165 259.585 267.505 258.679 


CO2-2 235.109 238.981 238.463 249.290 255.458 251.715 


CO2-3 210.566 219.706 220.153 217.975 218.215 218.668 


3CO2-w 229.902 237.663 236.480 242.835 247.729 244.091 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 32.110 31.129 32.194 35.052 32.915 33.559 


FE-2 33.481 32.677 33.162 36.210 35.623 35.701 


FE-3 38.284 38.250 38.169 40.426 38.738 38.659 


3FE-w 34.359 33.677 34.180 37.016 35.803 35.981 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 3.814 4.910 5.643 4.303 4.575 3.869 


PM-soot 2 0.059 0.071 0.105 0.062 0.071 0.046 


PM-soot 3 0.377 0.330 0.150 0.216 0.155 0.100 


3PM-soot-w 0.923 1.144 1.264 0.982 1.027 0.852 


PM mass (mg/mile) 
 PM-1 4.057 5.338 6.026 4.714 4.876 4.469 


PM-2 0.020 0.028 0.073 0.000 0.071 0.076 
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PM-3 0.453 0.488 0.269 0.307 0.317 0.285 


3PM mass-w 0.974 1.254 1.359 1.060 1.134 1.043 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 5.07E+12 6.60E+12 7.11E+12 6.09E+12 7.01E+12 5.87E+12 


SPN-2 2.94E+11 3.15E+11 4.05E+11 2.48E+11 2.45E+11 1.82E+11 


SPN-3 1.13E+12 9.83E+11 5.23E+11 6.63E+11 4.99E+11 2.89E+11 


3SPN-w 1.51E+12 1.80E+12 1.82E+12 1.57E+12 1.72E+12 1.39E+12 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 0.727 0.473 0.518 0.470 0.458 0.992 


Acetylene 0.217 0.245 0.361 0.159 0.216 0.241 


Ethane 0.399 0.217 0.351 0.195 0.256 0.456 


Propylene 0.302 0.350 0.387 0.345 0.369 0.382 


Propane 0.057 0.000 0.035 0.000 0.107 0.036 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.049 0.055 0.060 0.055 0.060 0.062 


1,3-Butadiene 0.011 0.009 0.020 0.024 0.040 0.000 


n-Butane 0.020 0.010 0.014 0.010 0.014 0.020 


trans-2-Butene 0.031 0.035 0.037 0.035 0.039 0.041 


cis-2-Butene 0.021 0.025 0.026 0.023 0.028 0.030 


Isopentane 0.356 0.380 0.425 0.395 0.372 0.431 


1-Pentene 0.011 0.012 0.013 0.012 0.013 0.014 


n-Pentane 0.138 0.139 0.141 0.142 0.127 0.177 


Isoprene 0.000 0.004 0.006 0.002 0.002 0.004 


trans-2-Pentene 0.016 0.020 0.021 0.019 0.019 0.022 


cis-2-Pentene 0.000 0.011 0.012 0.000 0.011 0.012 


2,2-Dimethylbutane 0.030 0.036 0.040 0.035 0.035 0.038 


Cyclopentane 0.016 0.021 0.022 0.021 0.021 0.023 


2,3-Dimethylbutane 0.084 0.091 0.101 0.090 0.093 0.099 
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2-Methylpentane 0.224 0.243 0.270 0.235 0.248 0.265 


3-Methylpentane 0.145 0.154 0.175 0.151 0.160 0.170 


1-Hexene 0.029 0.000 0.000 0.000 0.000 0.000 


n-Hexane 0.108 0.121 0.137 0.118 0.127 0.136 


Methylcyclopentane 0.139 0.143 0.159 0.139 0.153 0.165 


2,4-Dimethylpentane 0.102 0.115 0.129 0.111 0.125 0.128 


Benzene 0.296 0.367 0.387 0.309 0.438 0.449 


Cyclohexane 0.041 0.049 0.055 0.047 0.053 0.057 


2-Methylhexane 0.101 0.121 0.135 0.111 0.139 0.140 


2,3-Dimethylpentane 0.163 0.190 0.214 0.180 0.213 0.219 


3-Methylhexane 0.098 0.118 0.138 0.113 0.152 0.144 


2,2,4-Trimethylpentane 0.262 0.307 0.343 0.289 0.345 0.351 


n-Heptane 0.055 0.073 0.083 0.064 0.087 0.091 


Methylcyclohexane 0.079 0.065 0.085 0.063 0.080 0.098 


2,3,4-Trimethylpentane 0.090 0.109 0.124 0.103 0.130 0.129 


Toluene 0.407 0.427 0.457 0.371 0.453 0.494 


2-Methylheptane 0.060 0.083 0.093 0.076 0.098 0.102 


3-Methylheptane 0.084 0.076 0.085 0.069 0.089 0.091 


n-Octane 0.075 0.068 0.091 0.060 0.074 0.082 


Ethylbenzene 0.116 0.089 0.097 0.084 0.099 0.114 


m/p-Xylenes 0.329 0.284 0.302 0.265 0.320 0.394 


Styrene 0.000 0.000 0.000 0.000 0.000 0.000 


o-Xylene 0.091 0.098 0.104 0.092 0.108 0.135 


Nonane 0.024 0.033 0.037 0.032 0.041 0.043 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.000 0.011 0.013 0.000 0.011 0.015 


m-Ethyltoluene 0.067 0.077 0.084 0.078 0.085 0.109 


p-Ethyltoluene 0.034 0.035 0.041 0.041 0.041 0.055 


1,3,5-Trimethylbenzene 0.056 0.062 0.077 0.057 0.069 0.100 


o-Ethyltoluene 0.000 0.018 0.022 0.034 0.024 0.032 


1,2,4-Trimethylbenzene 0.069 0.094 0.098 0.087 0.101 0.132 


n-Decane 0.018 0.027 0.067 0.022 0.017 0.034 


1,2,3-Trimethylbenzene 0.147 0.028 0.168 0.067 0.004 0.242 


m-Diethylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 
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p-Diethylbenzene 0.022 0.002 0.026 0.006 0.000 0.041 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.019 0.000 0.032 0.000 0.000 0.023 


Ethanol 0.055 0.007 0.037 0.073 0.139 0.208 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.145 0.111 0.133 0.117 0.077 0.177 


Acetaldehyde   0.146 0.143 0.158 0.204 0.127 0.232 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.016 0.000 0.000 0.000 0.000 0.000 


Propionaldehyde   0.000 0.015 0.016 0.000 0.000 0.017 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.014 0.015 0.000 0.000 


MEK & Butyraldehyde 0.006 0.007 0.007 0.004 0.003 0.012 


Benzaldehyde  0.017 0.016 0.015 0.016 0.000 0.018 


Valeraldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.019 0.000 0.024 0.009 0.000 0.030 


 


NMOG 


 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.005 0.006 0.006 0.005 0.006 0.007 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.022 0.032 0.025 0.016 0.014 0.027 


N2O-2 0.001 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.005 0.007 0.012 0.006 0.011 0.009 
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3N2O-w 0.006 0.009 0.009 0.005 0.006 0.008 


NH3 


NH3-1 0.001 0.006 0.004 0.001 0.002 0.003 


NH3-2 0.001 0.002 0.001 0.001 0.002 0.001 


NH3-3 0.001 0.002 0.001 0.001 0.002 0.001 


3NH3-w 0.001 0.003 0.002 0.001 0.002 0.001 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 22.569 ± 3.004 24.787 ± 4.746 


 


 


 


 


 


 


2020MY Ford Fusion 


 


Gaseous and fuel economy 


 


 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.138 0.142 0.142 0.139 0.128 0.133 


THC-2 0.003 0.004 0.003 0.004 0.003 0.004 


THC-3 0.018 0.017 0.024 0.015 0.019 0.019 


3THC-w 0.035 0.036 0.038 0.035 0.033 0.035 


NMHC Emissions (g/mile) 


NMHC-1 0.111 0.110 0.110 0.106 0.100 0.103 


NMHC-2 0.000 0.000 0.000 0.000 0.000 0.000 


NMHC-3 0.006 0.006 0.010 0.005 0.008 0.006 


3NMHC-w 0.025 0.025 0.026 0.024 0.023 0.023 


CH4 Emissions (g/mile) 


CH4-1 0.027 0.032 0.032 0.033 0.028 0.029 


CH4-2 0.004 0.004 0.003 0.004 0.003 0.003 


CH4-3 0.012 0.011 0.014 0.010 0.011 0.013 


3CH4-W 0.011 0.011 0.012 0.011 0.010 0.011 
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CO Emissions (g/mile) 


CO-1 1.892 3.089 3.011 2.766 2.010 2.055 


CO-2 0.006 0.022 0.000 0.000 0.000 0.028 


CO-3 2.150 1.280 2.118 0.724 1.137 1.780 


3CO-w 0.985 1.005 1.205 0.772 0.729 0.929 


NOx Emissions (g/mile) 


NOx-1 0.039 0.037 0.041 0.038 0.040 0.042 


NOx-2 0.005 0.008 0.006 0.005 0.006 0.005 


NOx-3 0.007 0.010 0.003 0.003 0.017 0.013 


3NOx-w 0.013 0.014 0.013 0.011 0.016 0.015 


CO2 Emissions (g/mile) 


CO2-1 362.250 361.791 371.797 374.556 370.648 365.181 


CO2-2 354.885 352.294 356.649 364.319 358.537 351.843 


CO2-3 296.953 296.538 299.016 308.313 298.918 297.969 


3CO2-w 340.514 338.931 343.962 351.070 344.679 339.817 


Fuel economy-carbon balance method (miles per gallon) 


FE-1 22.007 22.309 22.634 23.283 23.192 22.584 


FE-2 22.912 23.282 23.722 23.988 24.163 23.870 


FE-3 26.971 27.755 27.749 28.342 28.511 28.152 


3FE-w 23.689 24.131 24.452 24.881 24.994 24.607 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 4.401 4.625 4.672 3.711 4.727 4.729 


PM-soot 2 0.299 0.278 0.285 0.257 0.267 0.264 


PM-soot 3 0.347 0.368 0.417 0.362 0.407 0.382 


3PM-soot-w 1.162 1.206 1.230 1.002 1.230 1.222 


PM mass (mg/mile) 


 PM-1 5.494 5.852 6.142 5.410 6.209 6.134 


PM-2 0.255 0.167 0.410 0.240 0.294 0.259 


PM-3 0.453 0.523 0.701 0.546 0.577 0.528 


3PM mass-w 1.395 1.446 1.677 1.396 1.598 1.551 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 
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SPN (#/mile) 


SPN-1 7.81E+12 7.78E+12 7.88E+12 7.84E+12 8.01E+12 8.23E+12 


SPN-2 5.76E+11 5.49E+11 5.65E+11 5.38E+11 5.33E+11 5.31E+11 


SPN-3 6.33E+11 6.40E+11 6.81E+11 6.08E+11 6.24E+11 6.21E+11 


3SPN-w 2.09E+12 2.08E+12 2.11E+12 2.07E+12 2.11E+12 2.15E+12 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 2.039 1.618 1.980 1.719 1.697 1.644 


Acetylene 0.684 0.995 0.818 0.562 0.752 0.772 


Ethane 0.944 0.852 0.992 0.851 0.830 0.786 


Propylene 1.882 1.643 1.822 1.540 1.557 1.652 


Propane 0.037 0.045 0.046 0.032 0.062 0.074 


Isobutane 0.000 0.000 0.000 0.016 0.000 0.000 


1-Butene 0.349 0.243 0.260 0.233 0.230 0.242 


1,3-Butadiene 0.209 0.201 0.143 0.198 0.211 0.229 


n-Butane 0.084 0.086 0.099 0.154 0.118 0.110 


trans-2-Butene 0.173 0.132 0.141 0.126 0.123 0.128 


cis-2-Butene 0.151 0.102 0.106 0.095 0.091 0.095 


Isopentane 1.374 1.419 1.542 1.449 1.245 1.281 


1-Pentene 0.055 0.047 0.051 0.048 0.049 0.049 


n-Pentane 0.463 0.472 0.523 0.504 0.439 0.447 


Isoprene 0.078 0.071 0.006 0.076 0.078 0.084 


trans-2-Pentene 0.073 0.060 0.064 0.062 0.059 0.061 


cis-2-Pentene 0.043 0.036 0.038 0.037 0.035 0.036 


2,2-Dimethylbutane 0.116 0.119 0.128 0.117 0.107 0.109 


Cyclopentane 0.067 0.066 0.073 0.070 0.061 0.064 


2,3-Dimethylbutane 0.302 0.304 0.332 0.298 0.271 0.278 


2-Methylpentane 0.821 0.847 0.904 0.826 0.752 0.773 


3-Methylpentane 0.529 0.526 0.572 0.514 0.474 0.484 


1-Hexene 0.032 0.024 0.026 0.028 0.027 0.027 


n-Hexane 0.424 0.418 0.453 0.411 0.385 0.389 


Methylcyclopentane 0.524 0.522 0.558 0.506 0.460 0.481 


2,4-Dimethylpentane 0.407 0.396 0.425 0.385 0.355 0.368 
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Benzene 2.348 2.383 2.921 2.376 2.153 2.019 


Cyclohexane 0.183 0.177 0.190 0.177 0.165 0.170 


2-Methylhexane 0.511 0.499 0.541 0.486 0.449 0.465 


2,3-Dimethylpentane 0.708 0.697 0.764 0.682 0.628 0.647 


3-Methylhexane 0.538 0.530 0.568 0.522 0.476 0.496 


2,2,4-Trimethylpentane 1.099 1.081 1.169 1.057 0.977 1.009 


n-Heptane 0.353 0.342 0.381 0.332 0.312 0.328 


Methylcyclohexane 0.325 0.308 0.338 0.309 0.283 0.304 


2,3,4-Trimethylpentane 0.399 0.391 0.418 0.383 0.349 0.369 


Toluene 2.233 1.761 2.141 1.915 1.931 1.992 


2-Methylheptane 0.300 0.301 0.309 0.287 0.292 0.289 


3-Methylheptane 0.300 0.293 0.310 0.287 0.267 0.272 


n-Octane 0.248 0.241 0.255 0.238 0.232 0.232 


Ethylbenzene 0.499 0.400 0.427 0.392 0.375 0.405 


m/p-Xylenes 1.588 1.393 1.497 1.377 1.296 1.435 


Styrene 0.122 0.113 0.104 0.112 0.109 0.128 


o-Xylene 0.585 0.516 0.553 0.491 0.510 0.529 


Nonane 0.138 0.136 0.141 0.132 0.122 0.129 


Isopropylbenzene 0.012 0.011 0.010 0.010 0.011 0.011 


n-Propylbenzene 0.060 0.048 0.054 0.052 0.050 0.052 


m-Ethyltoluene 0.442 0.366 0.396 0.358 0.285 0.320 


p-Ethyltoluene 0.199 0.164 0.186 0.154 0.144 0.155 


1,3,5-Trimethylbenzene 0.323 0.297 0.325 0.307 0.281 0.303 


o-Ethyltoluene 0.137 0.110 0.124 0.112 0.111 0.128 


1,2,4-Trimethylbenzene 0.558 0.489 0.528 0.508 0.440 0.521 


n-Decane 0.060 0.058 0.059 0.077 0.088 0.060 


1,2,3-Trimethylbenzene 0.120 0.093 0.110 0.257 0.322 0.168 


m-Diethylbenzene 0.027 0.000 0.009 0.239 0.387 0.110 


p-Diethylbenzene 0.145 0.088 0.106 0.106 0.089 0.170 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.015 0.000 0.000 0.028 0.032 0.011 


Ethanol 0.744 0.667 0.152 1.406 1.076 1.039 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 
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Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.662 0.735 0.756 0.839 0.749 0.767 


Acetaldehyde   0.462 0.491 0.514 0.687 0.711 0.703 


Acrolein 0.052 0.059 0.066 0.063 0.074 0.071 


Acetone 0.012 0.000 0.000 0.065 0.021 0.000 


Propionaldehyde   0.043 0.034 0.036 0.037 0.039 0.038 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.041 0.041 0.045 0.044 0.051 0.050 


MEK & Butyraldehyde 0.032 0.018 0.018 0.023 0.027 0.022 


Benzaldehyde  0.058 0.058 0.064 0.061 0.066 0.065 


Valeraldehyde   0.018 0.000 0.000 0.000 0.018 0.020 


m-Tolualdehyde   0.018 0.019 0.024 0.022 0.020 0.021 


Hexaldehyde   0.001 0.000 0.000 0.001 0.008 0.003 


 


NMOG 


 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.025 0.026 0.026 0.025 0.024 0.024 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.217 0.197 0.213 Instrument problematic 0.184 0.140 


N2O-2 0.005 0.005 0.005 Instrument problematic 0.003 0.003 


N2O-3 0.112 0.135 0.161 Instrument problematic 0.070 0.087 


3N2O-w 0.078 0.081 0.091 Instrument problematic 0.059 0.055 


NH3 


NH3-1 0.005 0.006 0.002 Instrument problematic 0.003 0.004 


NH3-2 0.010 0.014 0.016 Instrument problematic 0.005 0.014 


NH3-3 0.005 0.006 0.008 Instrument problematic 0.008 0.005 


3NH3-w 0.008 0.010 0.011 Instrument problematic 0.006 0.009 
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OFP 


 
 E10 E15 


Total OFP (mg O3/mile) 145.504 ± 13.766 132.095 ± 11.178 
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2019MY Chevrolet Impala 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.029 0.028 0.040 0.033 0.032 0.031 


THC-2 0.001 0.001 0.001 0.001 0.001 0.001 


THC-3 0.002 0.002 0.002 0.003 0.003 0.003 


3THC-w 0.007 0.007 0.009 0.008 0.008 0.008 


NMHC Emissions (g/mile) 


NMHC-1 0.023 0.021 0.031 0.025 0.023 0.023 


NMHC-2 0.001 0.000 0.000 0.000 0.000 0.001 


NMHC-3 0.000 0.000 0.000 0.000 0.000 0.000 


3NMHC-w 0.005 0.005 0.007 0.005 0.005 0.005 


CH4 Emissions (g/mile) 


CH4-1 0.006 0.007 0.010 0.007 0.009 0.008 


CH4-2 0.000 0.000 0.000 0.001 0.001 0.000 


CH4-3 0.002 0.002 0.002 0.002 0.003 0.003 


3CH4-W 0.002 0.002 0.003 0.003 0.003 0.003 


CO Emissions (g/mile) 


CO-1 0.429 0.767 1.022 0.801 1.156 1.054 


CO-2 0.000 0.000 0.018 0.020 0.035 0.029 


CO-3 0.113 0.133 0.172 0.216 0.157 0.178 


3CO-w 0.120 0.195 0.268 0.236 0.301 0.282 


NOx Emissions (g/mile) 


NOx-1 0.017 0.003 0.003 0.004 0.004 0.003 


NOx-2 0.000 0.000 0.000 0.000 0.000 0.000 


NOx-3 0.001 0.000 0.001 0.001 0.001 0.000 


3NOx-w 0.004 0.001 0.001 0.001 0.001 0.001 


CO2 Emissions (g/mile) 


CO2-1 396.787 398.541 395.511 387.665 389.675 393.421 


CO2-2 414.801 413.452 408.632 407.259 402.723 405.805 


CO2-3 336.365 338.320 334.046 331.860 328.988 333.710 


3CO2-w 389.517 389.767 385.463 382.472 379.770 383.487 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 21.415 21.293 21.431 21.458 21.317 21.124 


FE-2 20.524 20.591 20.832 20.495 20.725 20.568 


FE-3 25.296 25.148 25.465 25.128 25.354 24.993 







 


B42 


3FE-w 21.845 21.824 22.061 21.803 21.952 21.741 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 8.211 10.085 9.414 6.016 6.306 5.654 


PM-soot 2 1.320 1.482 1.200 0.771 0.743 0.584 


PM-soot 3 1.734 1.113 1.243 0.823 0.841 0.816 


3PM-soot-w 2.862 3.162 2.912 1.872 1.923 1.697 


PM mass (mg/mile) 


 PM-1 9.459 11.288 10.840 6.906 7.381 6.856 


PM-2 1.392 1.552 1.179 0.797 0.657 0.704 


PM-3 2.097 1.267 1.332 0.991 0.821 1.067 


3PM mass-w 3.257 3.490 3.221 2.116 2.096 2.077 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 1.34E+13 1.51E+13 1.48E+13 1.12E+13 1.13E+13 1.08E+13 


SPN-2 2.80E+12 3.03E+12 2.49E+12 1.85E+12 1.72E+12 1.49E+12 


SPN-3 3.27E+12 2.39E+12 2.78E+12 2.04E+12 2.02E+12 2.00E+12 


3SPN-w 5.12E+12 5.36E+12 5.12E+12 3.84E+12 3.80E+12 3.55E+12 


 


 


 


 


 


 


 


 


 


 


 


 


 


Hydrocarbon species and ethanol 
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Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 0.306 0.391 0.606 0.496 0.472 0.488 


Acetylene 0.280 0.063 0.146 0.060 0.057 0.072 


Ethane 0.103 0.146 0.187 0.123 0.149 0.148 


Propylene 0.201 0.360 0.553 0.428 0.397 0.398 


Propane 0.000 0.014 0.061 0.000 0.000 0.000 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.027 0.055 0.100 0.068 0.076 0.072 


1,3-Butadiene 0.000 0.013 0.051 0.026 0.012 0.015 


n-Butane 0.046 0.015 0.029 0.013 0.009 0.007 


trans-2-Butene 0.000 0.033 0.064 0.039 0.044 0.041 


cis-2-Butene 0.000 0.024 0.046 0.028 0.033 0.031 


Isopentane 0.356 0.318 0.526 0.459 0.373 0.337 


1-Pentene 0.000 0.013 0.024 0.015 0.014 0.012 


n-Pentane 0.149 0.131 0.199 0.165 0.130 0.119 


Isoprene 0.000 0.008 0.017 0.011 0.005 0.008 


trans-2-Pentene 0.000 0.021 0.033 0.028 0.024 0.022 


cis-2-Pentene 0.000 0.012 0.019 0.016 0.013 0.013 


2,2-Dimethylbutane 0.027 0.025 0.039 0.034 0.029 0.027 


Cyclopentane 0.021 0.020 0.030 0.026 0.023 0.021 


2,3-Dimethylbutane 0.066 0.070 0.110 0.095 0.078 0.074 


2-Methylpentane 0.187 0.194 0.303 0.261 0.214 0.205 


3-Methylpentane 0.120 0.124 0.195 0.167 0.137 0.130 


1-Hexene 0.000 0.000 0.081 0.000 0.000 0.000 


n-Hexane 0.098 0.101 0.241 0.130 0.107 0.103 


Methylcyclopentane 0.109 0.123 0.200 0.165 0.132 0.128 


2,4-Dimethylpentane 0.075 0.084 0.132 0.108 0.090 0.086 


Benzene 0.347 0.416 0.649 0.486 0.520 0.547 


Cyclohexane 0.036 0.041 0.067 0.054 0.043 0.042 


2-Methylhexane 0.069 0.078 0.140 0.108 0.085 0.086 


2,3-Dimethylpentane 0.109 0.124 0.207 0.165 0.134 0.130 


3-Methylhexane 0.080 0.084 0.153 0.119 0.088 0.081 


2,2,4-Trimethylpentane 0.169 0.180 0.290 0.226 0.197 0.192 
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n-Heptane 0.041 0.041 0.079 0.057 0.044 0.044 


Methylcyclohexane 0.035 0.051 0.086 0.067 0.046 0.046 


2,3,4-Trimethylpentane 0.051 0.058 0.095 0.072 0.061 0.060 


Toluene 0.427 0.407 0.664 0.479 0.438 0.427 


2-Methylheptane 0.043 0.048 0.076 0.056 0.048 0.041 


3-Methylheptane 0.038 0.042 0.067 0.050 0.043 0.044 


n-Octane 0.041 0.046 0.060 0.045 0.037 0.039 


Ethylbenzene 0.072 0.073 0.118 0.084 0.078 0.079 


m/p-Xylenes 0.225 0.220 0.356 0.256 0.232 0.233 


Styrene 0.000 0.000 0.000 0.000 0.000 0.000 


o-Xylene 0.092 0.083 0.131 0.088 0.076 0.080 


Nonane 0.021 0.017 0.021 0.016 0.016 0.016 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.000 0.000 0.011 0.000 0.000 0.000 


m-Ethyltoluene 0.026 0.049 0.063 0.041 0.047 0.050 


p-Ethyltoluene 0.022 0.026 0.030 0.022 0.022 0.025 


1,3,5-Trimethylbenzene 0.036 0.051 0.054 0.038 0.029 0.033 


o-Ethyltoluene 0.012 0.017 0.027 0.018 0.014 0.017 


1,2,4-Trimethylbenzene 0.047 0.063 0.090 0.057 0.053 0.059 


n-Decane 0.025 0.049 0.025 0.021 0.011 0.018 


1,2,3-Trimethylbenzene 0.238 0.332 0.183 0.142 0.049 0.086 


m-Diethylbenzene 0.422 0.460 0.238 0.227 0.064 0.120 


p-Diethylbenzene 0.026 0.067 0.034 0.028 0.008 0.016 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.025 0.072 0.026 0.000 0.000 0.000 


Ethanol 0.598 0.410 0.581 0.623 0.299 0.522 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 
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Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.200 0.135 0.143 0.075 0.138 0.117 


Acetaldehyde   0.130 0.118 0.158 0.180 0.185 0.171 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.000 0.000 0.000 0.000 0.000 0.000 


Propionaldehyde   0.000 0.000 0.015 0.000 0.000 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.000 0.006 0.005 0.006 0.002 0.003 


Benzaldehyde  0.000 0.000 0.000 0.000 0.000 0.000 


Valeraldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.018 0.033 0.019 0.015 0.000 0.004 


 


NMOG 


 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.006 0.005 0.007 0.006 0.005 0.005 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.016 0.002 0.004 0.039 0.020 0.009 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.000 0.000 0.000 0.000 0.001 0.000 


3N2O-w 0.003 0.000 0.001 0.008 0.004 0.002 


NH3 


NH3-1 0.002 0.002 0.003 0.020 0.025 0.009 


NH3-2 0.001 0.001 0.002 0.002 0.002 0.002 


NH3-3 0.002 0.002 0.004 0.002 0.004 0.003 


3NH3-w 0.002 0.002 0.003 0.006 0.007 0.004 


 


OFP 
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 E10 E15 


Total OFP (mg O3/mile) 35.645 ± 10.360 33.882 ± 4.475 
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2021MY Chevrolet Spark 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.027 0.036 0.037 0.027 0.030 0.032 


THC-2 0.001 0.001 0.001 0.000 0.000 0.000 


THC-3 0.002 0.002 0.002 0.002 0.002 0.002 


3THC-w 0.007 0.008 0.009 0.006 0.007 0.008 


NMHC Emissions (g/mile) 


NMHC-1 0.024 0.030 0.031 0.026 0.025 0.028 


NMHC-2 0.001 0.000 0.001 0.000 0.000 0.000 


NMHC-3 0.001 0.000 0.001 0.000 0.000 0.000 


3NMHC-w 0.006 0.007 0.007 0.005 0.005 0.006 


CH4 Emissions (g/mile) 


CH4-1 0.003 0.005 0.005 0.002 0.005 0.005 


CH4-2 0.000 0.000 0.000 0.000 0.000 0.001 


CH4-3 0.001 0.001 0.002 0.002 0.002 0.002 


3CH4-W 0.001 0.002 0.002 0.001 0.002 0.002 


CO Emissions (g/mile) 


CO-1 0.253 0.581 0.578 0.447 0.475 0.492 


CO-2 0.000 0.000 0.000 0.049 0.028 0.000 


CO-3 0.030 0.009 0.016 0.036 0.025 0.000 


3CO-w 0.061 0.123 0.124 0.128 0.120 0.102 


NOx Emissions (g/mile) 


NOx-1 0.023 0.014 0.013 0.011 0.014 0.014 


NOx-2 0.005 0.006 0.004 0.006 0.008 0.006 


NOx-3 0.004 0.003 0.005 0.006 0.005 0.006 


3NOx-w 0.008 0.007 0.006 0.007 0.009 0.007 


CO2 Emissions (g/mile) 


CO2-1 227.279 231.951 230.156 227.089 230.557 226.510 


CO2-2 210.859 214.497 211.781 209.421 213.663 213.241 


CO2-3 205.812 204.756 202.196 199.515 202.229 203.110 


3CO2-w 212.875 215.439 212.957 210.358 214.025 213.204 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 37.379 36.543 36.827 36.633 36.076 36.712 


FE-2 40.375 39.690 40.199 39.846 39.061 39.146 


FE-3 41.354 41.574 42.098 41.827 41.269 41.097 
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3FE-w 39.971 39.477 39.936 39.642 38.965 39.120 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 0.220 0.257 0.221 0.208 0.201 0.189 


PM-soot 2 0.020 0.021 0.021 0.020 0.023 0.023 


PM-soot 3 0.019 0.019 0.020 0.016 0.018 0.019 


3PM-soot-w 0.061 0.069 0.062 0.058 0.059 0.056 


PM mass (mg/mile) 


 PM-1 0.384 0.256 0.320 0.189 0.236 0.209 


PM-2 0.095 0.000 0.080 0.000 0.000 0.000 


PM-3 0.081 0.000 0.097 0.000 0.000 0.074 


3PM mass-w 0.151 0.053 0.135 0.039 0.049 0.063 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 7.41E+11 7.59E+11 7.45E+11 6.59E+11 6.74E+11 6.00E+11 


SPN-2 8.79E+09 9.19E+09 1.10E+10 8.76E+09 9.36E+09 9.35E+09 


SPN-3 1.30E+10 1.46E+10 1.54E+10 1.22E+10 9.01E+09 9.87E+09 


3SPN-w 1.62E+11 1.66E+11 1.64E+11 1.44E+11 1.47E+11 1.32E+11 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 0.370 0.713 0.737 0.329 0.581 0.682 


Acetylene 0.025 0.339 0.164 0.023 0.153 0.294 


Ethane 0.124 0.277 0.346 0.097 0.228 0.283 


Propylene 0.252 0.483 0.530 0.198 0.368 0.397 


Propane 0.000 0.026 0.057 0.000 0.000 0.013 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.040 0.080 0.097 0.040 0.064 0.066 


1,3-Butadiene 0.001 0.038 0.037 0.000 0.023 0.018 
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n-Butane 0.040 0.034 0.039 0.004 0.034 0.041 


trans-2-Butene 0.028 0.053 0.063 0.025 0.041 0.045 


cis-2-Butene 0.020 0.041 0.061 0.026 0.032 0.034 


Isopentane 0.805 0.727 0.677 0.391 0.598 0.718 


1-Pentene 0.017 0.019 0.018 0.010 0.016 0.018 


n-Pentane 0.279 0.254 0.255 0.122 0.194 0.252 


Isoprene 0.007 0.015 0.013 0.001 0.010 0.009 


trans-2-Pentene 0.041 0.040 0.039 0.022 0.032 0.038 


cis-2-Pentene 0.023 0.022 0.025 0.012 0.018 0.021 


2,2-Dimethylbutane 0.050 0.046 0.044 0.027 0.038 0.045 


Cyclopentane 0.037 0.034 0.032 0.021 0.029 0.037 


2,3-Dimethylbutane 0.130 0.119 0.113 0.068 0.099 0.119 


2-Methylpentane 0.346 0.322 0.327 0.182 0.266 0.319 


3-Methylpentane 0.212 0.199 0.188 0.114 0.164 0.192 


1-Hexene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Hexane 0.156 0.149 0.154 0.085 0.127 0.148 


Methylcyclopentane 0.185 0.177 0.181 0.100 0.148 0.174 


2,4-Dimethylpentane 0.116 0.114 0.117 0.065 0.098 0.113 


Benzene 0.273 0.525 0.649 1.104 2.012 0.444 


Cyclohexane 0.056 0.056 0.064 0.031 0.047 0.055 


2-Methylhexane 0.098 0.102 0.100 0.047 0.084 0.099 


2,3-Dimethylpentane 0.159 0.160 0.158 0.087 0.136 0.157 


3-Methylhexane 0.102 0.106 0.121 0.041 0.082 0.099 


2,2,4-Trimethylpentane 0.215 0.225 0.245 0.127 0.197 0.221 


n-Heptane 0.047 0.052 0.060 0.016 0.039 0.051 


Methylcyclohexane 0.052 0.052 0.053 0.017 0.041 0.048 


2,3,4-Trimethylpentane 0.063 0.068 0.069 0.038 0.059 0.066 


Toluene 0.349 0.594 0.770 0.269 0.479 0.508 


2-Methylheptane 0.040 0.046 0.052 0.028 0.045 0.049 


3-Methylheptane 0.038 0.045 0.048 0.026 0.041 0.044 


n-Octane 0.041 0.041 0.051 0.022 0.042 0.040 


Ethylbenzene 0.071 0.113 0.158 0.051 0.091 0.090 


m/p-Xylenes 0.225 0.358 0.464 0.159 0.293 0.286 


Styrene 0.000 0.002 0.016 0.000 0.000 0.000 
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o-Xylene 0.077 0.118 0.165 0.052 0.096 0.092 


Nonane 0.016 0.020 0.025 0.011 0.019 0.018 


Isopropylbenzene 0.000 0.000 0.013 0.000 0.000 0.000 


n-Propylbenzene 0.000 0.011 0.036 0.000 0.000 0.000 


m-Ethyltoluene 0.061 0.091 0.110 0.041 0.080 0.073 


p-Ethyltoluene 0.031 0.042 0.059 0.019 0.039 0.036 


1,3,5-Trimethylbenzene 0.045 0.053 0.078 0.016 0.043 0.042 


o-Ethyltoluene 0.022 0.030 0.046 0.009 0.027 0.017 


1,2,4-Trimethylbenzene 0.070 0.106 0.140 0.050 0.095 0.085 


n-Decane 0.029 0.012 0.044 0.004 0.032 0.020 


1,2,3-Trimethylbenzene 0.196 0.078 0.079 0.000 0.046 0.074 


m-Diethylbenzene 0.274 0.104 0.081 0.000 0.045 0.103 


p-Diethylbenzene 0.049 0.020 0.008 0.000 0.010 0.017 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.029 0.000 0.031 0.000 0.000 0.000 


Ethanol 0.467 0.533 0.793 0.499 0.900 1.034 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.075 0.145 0.205 0.157 0.155 0.132 


Acetaldehyde   0.186 0.231 0.239 0.237 0.262 0.265 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.000 0.000 0.000 0.000 0.000 0.000 


Propionaldehyde   0.000 0.020 0.016 0.016 0.015 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.000 0.009 0.002 0.003 0.000 0.001 


Benzaldehyde  0.000 0.014 0.019 0.000 0.017 0.015 


Valeraldehyde   0.000 0.025 0.000 0.000 0.000 0.016 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.009 0.033 0.000 0.000 0.000 0.004 
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NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.006 0.007 0.007 0.005 0.006 0.006 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 Instrument problematic 0.027 0.024 0.030 0.027 0.031 


N2O-2 Instrument problematic 0.000 0.000 0.001 0.001 0.001 


N2O-3 Instrument problematic 0.031 0.020 0.047 0.039 0.047 


3N2O-w Instrument problematic 0.014 0.011 0.019 0.016 0.020 


NH3 


NH3-1 Instrument problematic 0.003 0.001 0.001 0.001 0.001 


NH3-2 Instrument problematic 0.001 0.001 0.004 0.003 0.002 


NH3-3 Instrument problematic 0.001 0.001 0.001 0.001 0.001 


3NH3-w Instrument problematic 0.001 0.001 0.002 0.002 0.002 


 


 


 


 


 


 


 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 31.919 ± 8.573 26.611 ± 6.099 
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2020MY KIA Optima 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.020 0.023 0.021 0.022 0.021 0.023 


THC-2 0.001 0.000 0.000 0.000 0.000 0.000 


THC-3 0.002 0.001 0.002 0.002 0.004 0.004 


3THC-w 0.005 0.005 0.005 0.005 0.005 0.006 


NMHC Emissions (g/mile) 


NMHC-1 0.015 0.017 0.016 0.016 0.016 0.017 


NMHC-2 0.000 0.000 0.000 0.000 0.000 0.000 


NMHC-3 0.000 0.000 0.000 0.000 0.002 0.002 


3NMHC-w 0.001 0.004 0.003 0.003 0.004 0.004 


CH4 Emissions (g/mile) 


CH4-1 0.005 0.006 0.006 0.006 0.005 0.006 


CH4-2 0.005 0.000 0.000 0.000 0.000 0.000 


CH4-3 0.001 0.001 0.001 0.002 0.002 0.002 


3CH4-W 0.004 0.002 0.002 0.002 0.002 0.002 


CO Emissions (g/mile) 


CO-1 0.398 0.308 0.362 0.535 0.234 0.361 


CO-2 0.000 0.035 0.000 0.000 0.000 0.050 


CO-3 0.082 0.036 0.010 0.056 0.026 0.079 


3CO-w 0.105 0.092 0.078 0.126 0.056 0.122 


NOx Emissions (g/mile) 


NOx-1 0.011 0.013 0.014 0.011 0.010 0.012 


NOx-2 0.014 0.010 0.010 0.012 0.011 0.013 


NOx-3 0.008 0.007 0.006 0.005 0.005 0.006 


3NOx-w 0.011 0.010 0.010 0.010 0.009 0.011 


CO2 Emissions (g/mile) 


CO2-1 287.652 290.619 274.798 288.802 280.969 304.688 


CO2-2 290.067 288.694 278.685 282.358 280.274 297.623 


CO2-3 251.777 250.230 238.856 242.858 236.027 249.825 


3CO2-w 279.058 278.517 266.938 272.834 268.232 285.964 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 29.526 29.238 30.909 28.814 29.664 27.340 


FE-2 29.350 29.484 30.549 29.564 29.784 28.040 


FE-3 33.795 34.014 35.640 34.359 35.359 33.396 
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3FE-w 30.488 30.549 31.877 30.572 31.109 29.170 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 2.576 3.024 2.597 2.500 2.646 2.931 


PM-soot 2 0.168 0.154 0.157 0.129 0.129 0.133 


PM-soot 3 0.118 0.125 0.113 0.102 0.097 0.090 


3PM-soot-w 0.653 0.741 0.651 0.614 0.642 0.699 


PM mass (mg/mile) 


 PM-1 2.731 3.635 2.993 2.841 2.993 3.249 


PM-2 0.135 0.062 0.210 0.210 0.227 0.097 


PM-3 0.109 0.104 0.154 0.196 0.173 0.096 


3PM mass-w 0.666 0.814 0.771 0.752 0.786 0.748 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 2.80E+12 3.08E+12 2.81E+12 2.73E+12 2.90E+12 3.06E+12 


SPN-2 5.10E+11 4.68E+11 5.05E+11 3.78E+11 3.97E+11 3.49E+11 


SPN-3 3.22E+11 3.24E+11 3.14E+11 2.74E+11 2.68E+11 2.17E+11 


3SPN-w 9.33E+11 9.70E+11 9.30E+11 8.38E+11 8.81E+11 8.76E+11 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 0.334 0.341 0.355 0.320 0.383 0.426 


Acetylene 0.147 0.263 0.205 0.253 0.230 0.237 


Ethane 0.113 0.170 0.155 0.142 0.214 0.169 


Propylene 0.241 0.260 0.259 0.244 0.281 0.267 


Propane 0.000 0.061 0.000 0.029 0.031 0.000 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.036 0.041 0.044 0.038 0.043 0.044 


1,3-Butadiene 0.000 0.000 0.000 0.000 0.000 0.000 
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n-Butane 0.008 0.017 0.011 0.006 0.004 0.001 


trans-2-Butene 0.022 0.023 0.024 0.022 0.023 0.025 


cis-2-Butene 0.015 0.017 0.018 0.016 0.017 0.018 


Isopentane 0.270 0.312 0.295 0.284 0.290 0.370 


1-Pentene 0.000 0.011 0.012 0.000 0.000 0.012 


n-Pentane 0.104 0.109 0.091 0.094 0.102 0.114 


Isoprene 0.003 0.005 0.005 0.004 0.000 0.005 


trans-2-Pentene 0.015 0.016 0.016 0.015 0.015 0.017 


cis-2-Pentene 0.000 0.000 0.000 0.000 0.000 0.000 


2,2-Dimethylbutane 0.022 0.024 0.023 0.023 0.024 0.028 


Cyclopentane 0.016 0.018 0.019 0.019 0.017 0.028 


2,3-Dimethylbutane 0.054 0.061 0.059 0.058 0.061 0.068 


2-Methylpentane 0.145 0.164 0.159 0.156 0.164 0.187 


3-Methylpentane 0.092 0.103 0.100 0.098 0.104 0.119 


1-Hexene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Hexane 0.078 0.086 0.081 0.079 0.083 0.095 


Methylcyclopentane 0.089 0.101 0.096 0.096 0.150 0.126 


2,4-Dimethylpentane 0.065 0.073 0.070 0.071 0.071 0.085 


Benzene 0.273 0.274 1.411 0.274 1.585 0.320 


Cyclohexane 0.031 0.035 0.033 0.033 0.034 0.037 


2-Methylhexane 0.055 0.064 0.062 0.063 0.067 0.081 


2,3-Dimethylpentane 0.098 0.113 0.110 0.107 0.116 0.134 


3-Methylhexane 0.060 0.062 0.069 0.058 0.075 0.078 


2,2,4-Trimethylpentane 0.153 0.174 0.170 0.170 0.180 0.204 


n-Heptane 0.024 0.031 0.028 0.030 0.032 0.040 


Methylcyclohexane 0.028 0.037 0.029 0.030 0.035 0.035 


2,3,4-Trimethylpentane 0.052 0.060 0.056 0.057 0.060 0.068 


Toluene 0.281 0.331 0.300 0.290 1.604 0.323 


2-Methylheptane 0.038 0.044 0.041 0.043 0.046 0.052 


3-Methylheptane 0.034 0.040 0.038 0.038 0.041 0.045 


n-Octane 0.028 0.040 0.033 0.033 0.043 0.035 


Ethylbenzene 0.077 0.063 0.059 0.058 0.064 0.072 


m/p-Xylenes 0.194 0.204 0.191 0.191 0.196 0.224 


Styrene 0.000 0.000 0.000 0.000 0.000 0.000 
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o-Xylene 0.064 0.072 0.066 0.066 0.069 0.079 


Nonane 0.018 0.016 0.016 0.017 0.019 0.017 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


m-Ethyltoluene 0.043 0.050 0.048 0.047 0.051 0.059 


p-Ethyltoluene 0.021 0.024 0.023 0.020 0.026 0.026 


1,3,5-Trimethylbenzene 0.031 0.038 0.024 0.024 0.031 0.029 


o-Ethyltoluene 0.031 0.000 0.011 0.013 0.019 0.019 


1,2,4-Trimethylbenzene 0.058 0.064 0.055 0.056 0.054 0.068 


n-Decane 0.038 0.036 0.016 0.012 0.037 0.000 


1,2,3-Trimethylbenzene 0.118 0.155 0.009 0.000 0.081 0.000 


m-Diethylbenzene 0.219 0.251 0.000 0.000 0.135 0.000 


p-Diethylbenzene 0.032 0.035 0.000 0.000 0.016 0.000 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.038 0.016 0.000 0.000 0.000 0.000 


Ethanol 0.324 0.373 0.331 0.491 0.544 0.477 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.166 0.181 0.141 0.097 0.131 0.119 


Acetaldehyde   0.100 0.128 0.127 0.154 0.151 0.134 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.000 0.000 0.000 0.000 0.000 0.015 


Propionaldehyde   0.000 0.000 0.014 0.000 0.000 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.000 0.005 0.005 0.003 0.003 0.002 


Benzaldehyde  0.000 0.016 0.016 0.000 0.016 0.015 


Valeraldehyde   0.000 0.000 0.000 0.000 0.016 0.015 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.006 0.014 0.000 0.000 0.015 0.000 
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NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.001 0.004 0.003 0.004 0.004 0.004 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.037 0.013 0.025 0.066 0.014 0.018 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.004 0.006 0.000 0.000 0.005 0.002 


3N2O-w 0.009 0.005 0.005 0.014 0.004 0.004 


NH3 


NH3-1 0.003 0.001 0.003 0.012 0.005 0.003 


NH3-2 0.001 0.002 0.004 0.002 0.001 0.003 


NH3-3 0.002 0.002 0.002 0.003 0.002 0.004 


3NH3-w 0.002 0.002 0.003 0.004 0.002 0.003 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 20.668 ± 3.805 21.726 ± 7.057 


 


 


 


 


 


 


 


 


 


2020MY Jeep Cherokee 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) THC-1 0.056 0.048 0.063 0.047 0.065 0.063 
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THC-2 0.001 0.000 0.001 0.001 0.001 0.001 


THC-3 0.007 0.005 0.009 0.003 0.008 0.007 


3THC-w 0.015 0.011 0.016 0.011 0.016 0.016 


NMHC Emissions (g/mile) 


NMHC-1 0.049 0.041 0.054 0.040 0.055 0.053 


NMHC-2 0.000 0.000 0.000 0.000 0.000 0.000 


NMHC-3 0.003 0.001 0.004 0.001 0.003 0.002 


3NMHC-w 0.011 0.008 0.012 0.009 0.012 0.012 


CH4 Emissions (g/mile) 


CH4-1 0.008 0.007 0.009 0.008 0.009 0.010 


CH4-2 0.001 0.001 0.001 0.001 0.001 0.002 


CH4-3 0.004 0.004 0.005 0.002 0.005 0.004 


3CH4-W 0.003 0.003 0.004 0.003 0.004 0.004 


CO Emissions (g/mile) 


CO-1 0.650 0.756 0.764 0.548 0.597 0.663 


CO-2 0.434 0.402 0.264 0.191 0.184 0.156 


CO-3 0.416 0.473 0.482 0.106 0.290 0.245 


3CO-w 0.474 0.495 0.428 0.242 0.299 0.286 


NOx Emissions (g/mile) 


NOx-1 0.009 0.008 0.006 0.010 0.008 0.006 


NOx-2 0.004 0.004 0.004 0.007 0.004 0.005 


NOx-3 0.003 0.003 0.003 0.003 0.004 0.003 


3NOx-w 0.005 0.004 0.004 0.006 0.005 0.005 


CO2 Emissions (g/mile) 


CO2-1 452.021 452.090 449.603 459.204 452.041 448.486 


CO2-2 475.150 472.891 469.293 477.659 469.795 466.034 


CO2-3 399.279 403.428 403.561 400.960 405.138 400.606 


3CO2-w 449.493 449.549 447.188 452.775 448.383 444.442 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 18.785 18.776 18.877 18.139 18.420 18.562 


FE-2 17.891 17.979 18.125 17.465 17.757 17.902 


FE-3 21.286 21.063 21.055 20.810 20.580 20.816 


3FE-w 18.907 18.904 19.007 18.420 18.596 18.761 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 
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Black carbon (mg/mile) 


PM-soot 1 0.314 0.326 0.290 0.343 0.291 0.179 


PM-soot 2 0.047 0.032 0.048 0.049 0.044 0.056 


PM-soot 3 0.085 0.046 0.068 0.066 0.050 0.070 


3PM-soot-w 0.113 0.097 0.104 0.115 0.097 0.085 


PM mass (mg/mile) 


 PM-1 0.565 0.297 0.276 0.624 0.441 0.186 


PM-2 0.000 0.000 0.000 0.059 0.000 0.016 


PM-3 0.213 0.044 0.110 0.044 0.246 0.000 


3PM mass-w 0.176 0.074 0.088 0.172 0.159 0.047 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 1.18E+12 1.64E+12 1.41E+12 1.23E+12 1.61E+12 8.69E+11 


SPN-2 1.47E+10 1.20E+10 1.40E+10 1.69E+10 1.20E+10 1.53E+10 


SPN-3 9.65E+10 1.38E+11 1.85E+11 1.37E+11 1.32E+11 1.43E+11 


3SPN-w 2.78E+11 3.84E+11 3.51E+11 3.01E+11 3.77E+11 2.27E+11 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 1.245 0.973 0.975 1.131 1.493 1.634 


Acetylene 0.051 0.049 0.094 0.120 0.047 0.091 


Ethane 0.526 0.464 0.703 0.655 0.665 0.664 


Propylene 0.987 0.800 1.214 0.804 1.198 1.257 


Propane 0.000 0.000 0.091 0.150 0.000 0.000 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.204 0.168 0.257 0.155 0.237 0.271 


1,3-Butadiene 0.024 0.000 0.035 0.009 0.037 0.047 


n-Butane 0.020 0.000 0.003 0.005 0.023 0.022 


trans-2-Butene 0.133 0.117 0.156 0.104 0.156 0.181 


cis-2-Butene 0.091 0.067 0.121 0.060 0.108 0.140 


Isopentane 0.747 0.673 0.794 0.676 0.825 0.845 


1-Pentene 0.029 0.024 0.032 0.024 0.030 0.034 
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n-Pentane 0.280 0.238 0.270 0.274 0.312 0.270 


Isoprene 0.024 0.000 0.025 0.018 0.027 0.029 


trans-2-Pentene 0.045 0.041 0.049 0.039 0.048 0.056 


cis-2-Pentene 0.026 0.023 0.029 0.022 0.026 0.033 


2,2-Dimethylbutane 0.057 0.053 0.064 0.055 0.067 0.064 


Cyclopentane 0.042 0.040 0.046 0.036 0.046 0.047 


2,3-Dimethylbutane 0.145 0.137 0.164 0.141 0.173 0.166 


2-Methylpentane 0.401 0.385 0.454 0.383 0.477 0.462 


3-Methylpentane 0.253 0.241 0.292 0.246 0.306 0.299 


1-Hexene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Hexane 0.210 0.199 0.236 0.198 0.252 0.244 


Methylcyclopentane 0.258 0.246 0.296 0.241 0.305 0.311 


2,4-Dimethylpentane 0.175 0.164 0.199 0.167 0.210 0.199 


Benzene 1.020 3.229 1.308 0.591 1.189 1.180 


Cyclohexane 0.089 0.084 0.101 0.080 0.102 0.101 


2-Methylhexane 0.178 0.168 0.206 0.164 0.227 0.218 


2,3-Dimethylpentane 0.269 0.260 0.299 0.258 0.337 0.309 


3-Methylhexane 0.184 0.167 0.205 0.175 0.241 0.221 


2,2,4-Trimethylpentane 0.407 0.394 0.454 0.395 0.509 0.465 


n-Heptane 0.100 0.093 0.113 0.092 0.141 0.121 


Methylcyclohexane 0.104 0.091 0.115 0.086 0.129 0.101 


2,3,4-Trimethylpentane 0.131 0.124 0.144 0.125 0.163 0.141 


Toluene 1.121 4.612 1.274 0.863 1.316 1.331 


2-Methylheptane 0.110 0.103 0.119 0.100 0.125 0.106 


3-Methylheptane 0.099 0.095 0.107 0.090 0.122 0.095 


n-Octane 0.089 0.099 0.095 0.080 0.126 0.093 


Ethylbenzene 0.227 0.179 0.253 0.180 0.402 0.256 


m/p-Xylenes 0.695 0.531 0.753 0.554 0.917 0.765 


Styrene 0.006 0.000 0.001 0.000 0.012 0.006 


o-Xylene 0.231 0.182 0.247 0.186 0.301 0.261 


Nonane 0.044 0.039 0.042 0.044 0.115 0.051 


Isopropylbenzene 0.000 0.000 0.000 0.933 0.000 0.000 


n-Propylbenzene 0.023 0.018 0.022 0.023 0.046 0.024 


m-Ethyltoluene 0.176 0.143 0.184 0.139 0.221 0.176 
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p-Ethyltoluene 0.077 0.071 0.087 0.064 0.106 0.077 


1,3,5-Trimethylbenzene 0.094 0.074 0.088 0.068 0.122 0.079 


o-Ethyltoluene 0.107 0.043 0.054 0.057 0.146 0.156 


1,2,4-Trimethylbenzene 0.227 0.150 0.199 0.149 0.336 0.293 


n-Decane 0.039 0.094 0.065 0.018 0.209 0.020 


1,2,3-Trimethylbenzene 0.111 0.019 0.000 0.000 0.011 0.000 


m-Diethylbenzene 0.159 0.013 0.000 0.000 0.000 0.000 


p-Diethylbenzene 0.023 0.004 0.000 0.000 0.115 0.015 


n-Undecane 0.000 0.000 0.000 0.037 0.362 0.000 


n-Dodecane 0.000 0.000 0.000 0.038 0.259 0.000 


Ethanol 0.692 0.000 0.944 1.040 1.722 3.225 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.269 0.205 0.217 0.256 0.319 0.309 


Acetaldehyde   0.304 0.253 0.319 0.416 0.449 0.415 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.008 0.000 0.000 0.000 0.000 0.000 


Propionaldehyde   0.037 0.028 0.033 0.000 0.028 0.028 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.015 0.000 0.005 0.000 0.000 0.000 


Benzaldehyde  0.000 0.000 0.029 0.000 0.000 0.000 


Valeraldehyde   0.000 0.025 0.027 0.000 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.001 0.000 0.000 0.000 0.000 


 


NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.012 0.009 0.012 0.009 0.013 0.013 
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N2O and NH3 


 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.017 0.017 0.025 0.022 0.031 0.028 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.000 0.000 0.000 0.001 0.003 0.000 


3N2O-w 0.004 0.004 0.005 0.005 0.007 0.006 


NH3 


NH3-1 0.005 0.002 0.003 0.002 0.010 0.003 


NH3-2 0.002 0.003 0.003 0.003 0.003 0.002 


NH3-3 0.002 0.005 0.002 0.002 0.002 0.002 


3NH3-w 0.003 0.003 0.003 0.003 0.004 0.002 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 71.637 ± 14.645 64.424 ± 11.575 


 


 


 


 


 


 


2020MY Nissan Armada 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.045 0.073 0.060 0.054 0.056 0.060 


THC-2 0.003 0.000 0.000 0.000 0.000 0.000 


THC-3 0.002 0.002 0.002 0.002 0.002 0.002 


3THC-w 0.011 0.016 0.013 0.012 0.012 0.013 


NMHC Emissions (g/mile) 


NMHC-1 0.031 0.069 0.042 0.040 0.041 0.057 


NMHC-2 0.001 0.000 0.000 0.000 0.000 0.000 


NMHC-3 0.000 0.000 0.000 0.000 0.000 0.000 


3NMHC-w 0.007 0.014 0.008 0.008 0.008 0.011 
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CH4 Emissions (g/mile) 


CH4-1 0.013 0.003 0.018 0.014 0.015 0.003 


CH4-2 0.002 0.001 0.001 0.001 0.002 0.000 


CH4-3 0.003 0.003 0.002 0.003 0.003 0.003 


3CH4-W 0.004 0.002 0.005 0.004 0.005 0.002 


CO Emissions (g/mile) 


CO-1 0.383 0.553 0.580 0.414 0.404 0.413 


CO-2 0.000 0.000 0.000 0.000 0.000 0.000 


CO-3 0.000 0.000 0.016 0.000 0.000 0.000 


3CO-w 0.079 0.115 0.125 0.086 0.084 0.086 


NOx Emissions (g/mile) 


NOx-1 0.037 0.044 0.038 0.039 0.039 0.040 


NOx-2 0.015 0.017 0.014 0.014 0.017 0.017 


NOx-3 0.010 0.016 0.014 0.012 0.013 0.007 


3NOx-w 0.018 0.022 0.019 0.018 0.020 0.019 


CO2 Emissions (g/mile) 


CO2-1 580.244 557.360 559.782 558.826 565.093 564.438 


CO2-2 567.168 555.821 562.981 556.381 556.637 559.132 


CO2-3 490.962 475.311 478.217 472.993 479.494 477.803 


3CO2-w 548.958 534.040 539.038 533.982 537.246 537.932 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 14.916 14.751 14.768 14.654 15.245 15.179 


FE-2 15.003 14.996 14.930 15.010 15.317 15.122 


FE-3 17.648 17.409 17.471 17.340 17.911 17.801 


3FE-w 15.628 15.533 15.513 15.504 15.935 15.787 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 9.071 11.588 11.131 8.889 10.364 11.901 


PM-soot 2 0.272 0.294 0.310 0.263 0.241 0.272 


PM-soot 3 0.414 0.388 0.380 0.330 0.329 0.339 


3PM-soot-w 2.134 2.663 2.575 2.071 2.362 2.704 


PM mass (mg/mile) 


 PM-1 9.964 12.317 11.558 9.337 11.154 12.868 


PM-2 0.265 0.240 0.053 0.132 0.087 0.390 


PM-3 0.546 0.270 0.411 0.164 0.378 0.737 
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3PM mass-w 2.352 2.753 2.538 2.050 2.458 3.075 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 1.62E+13 1.79E+13 1.82E+13 1.56E+13 1.74E+13 1.85E+13 


SPN-2 1.01E+12 1.08E+12 1.16E+12 9.55E+11 1.06E+12 1.04E+12 


SPN-3 1.79E+12 1.43E+12 1.55E+12 1.37E+12 1.44E+12 1.34E+12 


3SPN-w 4.36E+12 4.67E+12 4.80E+12 4.12E+12 4.55E+12 4.75E+12 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 0.706 0.709 0.713 0.627 0.656 0.738 


Acetylene 0.065 0.122 0.058 0.045 0.065 0.065 


Ethane 0.295 0.441 0.359 0.218 0.292 0.276 


Propylene 0.571 0.541 0.564 0.498 0.515 0.498 


Propane 0.000 0.074 0.000 0.000 0.000 0.000 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.110 0.095 0.102 0.083 0.081 0.087 


1,3-Butadiene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Butane 0.090 0.000 0.000 0.000 0.000 0.001 


trans-2-Butene 0.068 0.063 0.072 0.054 0.054 0.057 


cis-2-Butene 0.050 0.043 0.049 0.037 0.039 0.041 


Isopentane 1.553 0.797 0.892 0.835 0.883 0.826 


1-Pentene 0.038 0.000 0.000 0.026 0.000 0.000 


n-Pentane 0.534 0.247 0.313 0.245 0.283 0.281 


Isoprene 0.000 0.000 0.000 0.000 0.000 0.000 


trans-2-Pentene 0.058 0.037 0.039 0.038 0.037 0.036 


cis-2-Pentene 0.034 0.000 0.000 0.000 0.000 0.000 


2,2-Dimethylbutane 0.122 0.067 0.074 0.067 0.073 0.063 


Cyclopentane 0.061 0.044 0.045 0.045 0.046 0.048 


2,3-Dimethylbutane 0.282 0.151 0.178 0.163 0.180 0.149 


2-Methylpentane 0.737 0.422 0.464 0.431 0.469 0.392 
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3-Methylpentane 0.464 0.279 0.297 0.270 0.289 0.248 


1-Hexene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Hexane 0.347 0.284 0.227 0.213 0.226 0.196 


Methylcyclopentane 0.372 0.238 0.264 0.246 0.265 0.230 


2,4-Dimethylpentane 0.307 0.252 0.213 0.196 0.213 0.177 


Benzene 0.892 0.622 0.884 0.693 0.770 3.187 


Cyclohexane 0.129 0.077 0.090 0.083 0.090 0.080 


2-Methylhexane 0.277 0.161 0.196 0.177 0.196 0.153 


2,3-Dimethylpentane 0.472 0.332 0.340 0.298 0.324 0.273 


3-Methylhexane 0.346 0.137 0.203 0.163 0.180 0.134 


2,2,4-Trimethylpentane 0.718 0.274 0.553 0.491 0.532 0.442 


n-Heptane 0.165 0.018 0.104 0.088 0.099 0.073 


Methylcyclohexane 0.148 0.118 0.092 0.079 0.089 0.068 


2,3,4-Trimethylpentane 0.237 0.042 0.184 0.167 0.181 0.150 


Toluene 0.997 0.168 0.830 0.705 0.747 3.620 


2-Methylheptane 0.155 0.000 0.125 0.122 0.133 0.108 


3-Methylheptane 0.149 0.000 0.122 0.112 0.122 0.098 


n-Octane 0.128 0.000 0.107 0.101 0.111 0.082 


Ethylbenzene 0.191 0.000 0.162 0.143 0.147 0.141 


m/p-Xylenes 0.660 0.000 0.556 0.513 0.523 0.502 


Styrene 0.000 0.000 0.000 0.000 0.000 0.000 


o-Xylene 0.235 0.000 0.199 0.177 0.183 0.171 


Nonane 0.072 0.000 0.055 0.049 0.053 0.044 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.025 0.000 0.000 0.000 0.000 0.000 


m-Ethyltoluene 0.153 0.000 0.133 0.129 0.136 0.124 


p-Ethyltoluene 0.070 0.000 0.060 0.066 0.068 0.050 


1,3,5-Trimethylbenzene 0.093 0.000 0.080 0.074 0.082 0.070 


o-Ethyltoluene 0.245 0.000 0.147 0.035 0.028 0.032 


1,2,4-Trimethylbenzene 0.209 0.000 0.183 0.163 0.169 0.162 


n-Decane 0.028 0.000 0.014 0.048 0.074 0.018 


1,2,3-Trimethylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


m-Diethylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


p-Diethylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 
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n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.000 0.000 0.033 0.000 0.000 0.000 


Ethanol 1.079 0.489 0.793 0.826 0.520 0.522 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.267 0.335 0.275 0.231 0.254 0.317 


Acetaldehyde   0.583 0.355 0.275 0.485 0.511 0.434 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.000 0.000 0.000 0.000 0.000 0.025 


Propionaldehyde   0.039 0.000 0.000 0.039 0.036 0.036 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.035 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.015 0.001 0.000 0.008 0.001 0.000 


Benzaldehyde  0.000 0.000 0.000 0.038 0.000 0.036 


Valeraldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


 


NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.008 0.014 0.009 0.008 0.008 0.012 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.078 0.068 0.086 0.052 0.070 0.049 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.001 0.022 0.000 0.000 0.000 0.000 


3N2O-w 0.016 0.020 0.018 0.011 0.015 0.010 


NH3 NH3-1 0.009 0.007 0.012 0.007 0.016 0.003 
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NH3-2 0.030 0.035 0.034 0.005 0.027 0.027 


NH3-3 0.005 0.008 0.014 0.004 0.005 0.006 


3NH3-w 0.019 0.022 0.024 0.005 0.019 0.016 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 43.717 ± 8.843 40.857 ± 8.123 
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2020MY Toyota Prius 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.034 0.047 0.040 0.041 0.039 0.043 


THC-2 0.001 0.001 0.001 0.001 0.001 0.001 


THC-3 0.007 0.007 0.008 0.006 0.006 0.007 


3THC-w 0.010 0.012 0.011 0.010 0.010 0.011 


NMHC Emissions (g/mile) 


NMHC-1 0.029 0.042 0.035 0.036 0.035 0.038 


NMHC-2 0.001 0.001 0.001 0.000 0.001 0.001 


NMHC-3 0.006 0.006 0.006 0.004 0.004 0.005 


3NMHC-w 0.008 0.011 0.009 0.009 0.009 0.010 


CH4 Emissions (g/mile) 


CH4-1 0.005 0.005 0.005 0.005 0.005 0.005 


CH4-2 0.001 0.000 0.001 0.000 0.000 0.001 


CH4-3 0.002 0.001 0.002 0.002 0.002 0.002 


3CH4-W 0.002 0.001 0.002 0.002 0.002 0.002 


CO Emissions (g/mile) 


CO-1 0.109 0.199 0.200 0.228 0.249 0.277 


CO-2 0.000 0.000 0.004 0.000 0.046 0.000 


CO-3 0.031 0.036 0.026 0.019 0.080 0.022 


3CO-w 0.031 0.051 0.051 0.052 0.097 0.063 


NOx Emissions (g/mile) 


NOx-1 0.011 0.011 0.004 0.015 0.002 0.002 


NOx-2 0.000 0.000 0.000 0.000 0.000 0.000 


NOx-3 0.001 0.002 0.001 0.003 0.005 0.001 


3NOx-w 0.003 0.003 0.001 0.004 0.002 0.001 


CO2 Emissions (g/mile) 


CO2-1 198.531 181.795 196.567 197.760 171.716 173.158 


CO2-2 100.932 96.746 94.331 102.027 100.912 112.271 


CO2-3 158.790 164.381 167.952 161.413 164.350 167.206 


3CO2-w 137.105 133.039 135.708 138.173 132.932 139.907 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 42.823 46.713 43.215 42.108 48.469 48.052 


FE-2 84.346 87.995 90.240 81.815 82.660 74.350 


FE-3 53.591 51.767 50.670 51.701 50.747 49.907 







 


B68 


3FE-w 62.059 63.936 62.681 60.364 62.709 59.608 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 0.286 0.335 0.271 0.288 0.155 0.190 


PM-soot 2 0.010 0.013 0.011 0.010 0.012 0.013 


PM-soot 3 0.012 0.008 0.016 0.008 0.010 0.010 


3PM-soot-w 0.068 0.079 0.066 0.067 0.041 0.049 


PM mass (mg/mile) 


 PM-1 0.323 0.374 0.437 0.274 0.132 0.208 


PM-2 0.000 0.000 0.000 0.000 0.000 0.000 


PM-3 0.000 0.000 0.004 0.000 0.013 0.235 


3PM mass-w 0.067 0.078 0.092 0.057 0.031 0.107 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 1.30E+12 1.34E+12 1.07E+12 1.28E+12 7.18E+11 8.50E+11 


SPN-2 2.52E+10 4.94E+10 2.70E+10 2.35E+10 3.91E+10 5.18E+10 


SPN-3 1.77E+10 2.30E+10 1.37E+10 1.00E+10 1.51E+10 1.51E+10 


3SPN-w 2.87E+11 3.09E+11 2.40E+11 2.80E+11 1.73E+11 2.07E+11 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 0.595 0.823 0.737 0.794 0.763 0.748 


Acetylene 0.023 0.183 0.015 0.041 0.036 0.039 


Ethane 0.546 0.487 0.618 0.615 0.551 0.483 


Propylene 0.446 0.558 0.547 0.580 0.515 0.568 


Propane 0.000 0.022 0.375 0.227 0.125 0.037 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.156 


1-Butene 0.090 0.107 0.115 0.114 0.110 0.117 


1,3-Butadiene 0.000 0.039 0.009 0.005 0.003 0.026 
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n-Butane 0.054 0.072 0.044 0.063 0.083 0.122 


trans-2-Butene 0.068 0.057 0.077 0.085 0.072 0.072 


cis-2-Butene 0.040 0.039 0.042 0.047 0.040 0.043 


Isopentane 1.095 1.382 1.035 1.102 1.232 1.374 


1-Pentene 0.014 0.027 0.018 0.017 0.021 0.023 


n-Pentane 0.361 0.485 0.352 0.373 0.417 0.453 


Isoprene 0.000 0.017 0.010 0.011 0.010 0.016 


trans-2-Pentene 0.038 0.059 0.040 0.040 0.047 0.055 


cis-2-Pentene 0.020 0.032 0.022 0.021 0.025 0.030 


2,2-Dimethylbutane 0.083 0.098 0.082 0.079 0.088 0.090 


Cyclopentane 0.048 0.061 0.049 0.049 0.053 0.061 


2,3-Dimethylbutane 0.196 0.249 0.202 0.199 0.211 0.230 


2-Methylpentane 0.525 0.679 0.546 0.543 0.577 0.619 


3-Methylpentane 0.327 0.419 0.351 0.336 0.353 0.383 


1-Hexene 0.000 0.012 0.000 0.000 0.000 0.012 


n-Hexane 0.251 0.326 0.274 0.261 0.268 0.295 


Methylcyclopentane 0.289 0.386 0.321 0.302 0.315 0.353 


2,4-Dimethylpentane 0.203 0.262 0.234 0.219 0.222 0.242 


Benzene 0.325 0.396 0.371 0.416 0.376 0.373 


Cyclohexane 0.096 0.127 0.111 0.102 0.105 0.119 


2-Methylhexane 0.209 0.279 0.256 0.232 0.231 0.255 


2,3-Dimethylpentane 0.319 0.410 0.377 0.345 0.345 0.375 


3-Methylhexane 0.222 0.293 0.275 0.244 0.245 0.261 


2,2,4-Trimethylpentane 0.467 0.584 0.558 0.514 0.500 0.536 


n-Heptane 0.126 0.165 0.155 0.143 0.134 0.150 


Methylcyclohexane 0.114 0.155 0.151 0.128 0.125 0.141 


2,3,4-Trimethylpentane 0.135 0.175 0.172 0.156 0.150 0.161 


Toluene 0.557 0.715 0.727 1.304 0.642 0.697 


2-Methylheptane 0.087 0.111 0.115 0.107 0.098 0.107 


3-Methylheptane 0.085 0.110 0.111 0.101 0.095 0.101 


n-Octane 0.070 0.086 0.089 0.078 0.073 0.077 


Ethylbenzene 0.097 0.134 0.137 0.124 0.126 0.135 


m/p-Xylenes 0.282 0.400 0.398 0.371 0.361 0.389 


Styrene 0.000 0.000 0.000 0.000 0.000 0.000 
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o-Xylene 0.096 0.135 0.135 0.123 0.120 0.130 


Nonane 0.031 0.032 0.040 0.031 0.030 0.031 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.000 0.013 0.013 0.011 0.012 0.013 


m-Ethyltoluene 0.052 0.077 0.081 0.076 0.070 0.076 


p-Ethyltoluene 0.027 0.036 0.038 0.036 0.032 0.036 


1,3,5-Trimethylbenzene 0.038 0.045 0.052 0.047 0.038 0.040 


o-Ethyltoluene 0.024 0.028 0.033 0.033 0.025 0.024 


1,2,4-Trimethylbenzene 0.060 0.083 0.086 0.090 0.078 0.083 


n-Decane 0.024 0.017 0.030 0.013 0.008 0.003 


1,2,3-Trimethylbenzene 0.077 0.030 0.091 0.000 0.000 0.000 


m-Diethylbenzene 0.095 0.014 0.123 0.000 0.000 0.000 


p-Diethylbenzene 0.017 0.010 0.026 0.000 0.000 0.000 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.064 0.016 0.018 0.021 0.020 0.000 


Ethanol 0.708 0.908 0.655 1.406 1.320 1.573 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.009 0.040 0.041 0.099 0.100 0.165 


Acetaldehyde   0.225 0.400 0.270 0.460 0.469 0.502 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.000 0.000 0.000 0.000 0.000 0.000 


Propionaldehyde   0.000 0.017 0.000 0.018 0.016 0.017 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.000 0.002 0.000 0.002 0.000 0.000 


Benzaldehyde  0.000 0.000 0.000 0.000 0.000 0.000 


Valeraldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.000 0.000 0.000 0.000 0.000 
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NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.008 0.011 0.010 0.010 0.009 0.010 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 Instrument problematic 0.076 0.033 0.030 0.027 0.024 


N2O-2 Instrument problematic 0.003 0.002 0.000 0.002 0.001 


N2O-3 Instrument problematic 0.000 0.000 0.000 0.002 0.000 


3N2O-w Instrument problematic 0.017 0.008 0.006 0.007 0.006 


NH3 


NH3-1 Instrument problematic 0.001 0.001 0.001 0.001 0.001 


NH3-2 Instrument problematic 0.001 0.003 0.001 0.001 0.001 


NH3-3 Instrument problematic 0.001 0.001 0.001 0.006 0.006 


3NH3-w Instrument problematic 0.001 0.002 0.001 0.002 0.002 


 


 


 


 


 


OFP 


 
 E10 E15 


Total OFP (mg O3/mile) 32.401 ± 5.702 36.924 ± 4.718 
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2020MY GMC Acadia 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.064 0.075 0.076 0.061 0.067 0.074 


THC-2 0.007 0.007 0.006 0.005 0.006 0.008 


THC-3 0.014 0.018 0.020 0.016 0.025 0.023 


3THC-w 0.021 0.024 0.024 0.020 0.024 0.026 


NMHC Emissions (g/mile) 


NMHC-1 0.044 0.050 0.052 0.043 0.045 0.045 


NMHC-2 0.001 0.001 0.003 0.001 0.003 0.002 


NMHC-3 0.002 0.004 0.003 0.004 0.013 0.006 


3NMHC-w 0.010 0.012 0.013 0.010 0.014 0.012 


CH4 Emissions (g/mile) 


CH4-1 0.019 0.025 0.024 0.019 0.022 0.029 


CH4-2 0.006 0.006 0.003 0.004 0.003 0.007 


CH4-3 0.012 0.013 0.016 0.012 0.012 0.017 


3CH4-W 0.010 0.012 0.011 0.009 0.010 0.014 


CO Emissions (g/mile) 


CO-1 0.892 1.250 1.137 0.696 1.011 1.300 


CO-2 0.000 0.000 0.074 0.000 0.000 0.000 


CO-3 0.000 0.073 0.183 0.000 0.033 0.343 


3CO-w 0.185 0.279 0.324 0.145 0.219 0.364 


NOx Emissions (g/mile) 


NOx-1 0.012 0.015 0.017 0.017 0.014 0.017 


NOx-2 0.002 0.002 0.002 0.001 0.002 0.000 


NOx-3 0.004 0.003 0.003 0.004 0.003 0.001 


3NOx-w 0.004 0.005 0.006 0.005 0.005 0.004 


CO2 Emissions (g/mile) 


CO2-1 398.102 408.478 412.806 409.569 412.903 419.143 


CO2-2 424.237 421.584 426.903 434.551 443.539 439.229 


CO2-3 340.962 341.819 349.636 360.981 354.153 360.670 


3CO2-w 395.974 397.031 402.802 409.121 412.634 413.456 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 20.318 20.130 19.809 21.300 20.731 20.523 


FE-2 19.209 18.820 19.004 20.067 20.193 19.936 


FE-3 23.122 23.562 23.106 24.966 24.894 24.325 
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3FE-w 20.389 20.210 20.158 21.481 21.415 21.105 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 0.737 0.743 0.715 0.811 1.009 0.933 


PM-soot 2 0.083 0.072 0.060 0.062 0.063 0.076 


PM-soot 3 0.131 0.114 0.096 0.094 0.095 0.107 


3PM-soot-w 0.232 0.223 0.205 0.226 0.268 0.262 


PM mass (mg/mile) 


 PM-1 0.928 0.762 0.838 0.964 1.126 0.988 


PM-2 0.040 0.000 0.045 0.041 0.000 0.000 


PM-3 0.057 0.042 0.144 0.081 0.065 0.020 


3PM mass-w 0.229 0.169 0.236 0.243 0.251 0.210 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 2.31E+12 2.68E+12 2.60E+12 2.35E+12 2.25E+12 2.21E+12 


SPN-2 2.46E+11 2.46E+11 3.23E+11 2.78E+11 2.62E+11 2.14E+11 


SPN-3 4.38E+11 4.47E+11 4.64E+11 5.01E+11 4.79E+11 3.61E+11 


3SPN-w 7.26E+11 8.05E+11 8.33E+11 7.70E+11 7.33E+11 6.68E+11 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 1.116 1.381 1.057 0.942 1.312 1.049 


Acetylene 0.831 1.046 0.739 0.654 0.912 0.908 


Ethane 0.564 0.675 0.653 0.623 0.713 0.630 


Propylene 0.707 0.836 0.690 0.604 0.897 0.748 


Propane 0.000 0.045 0.019 6.290 0.317 1.323 


Isobutane 0.000 0.000 0.000 0.008 0.000 0.105 


1-Butene 0.105 0.167 0.124 0.084 0.125 0.121 


1,3-Butadiene 0.039 0.042 0.041 0.017 0.045 0.037 
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n-Butane 0.029 0.003 0.054 0.038 0.025 0.047 


trans-2-Butene 0.061 0.079 0.066 0.045 0.074 0.064 


cis-2-Butene 0.049 0.092 0.062 0.037 0.058 0.050 


Isopentane 0.823 0.822 1.345 1.044 0.870 0.792 


1-Pentene 0.027 0.033 0.034 0.031 0.026 0.025 


n-Pentane 0.300 0.347 0.415 0.383 0.294 0.262 


Isoprene 0.020 0.020 0.021 0.015 0.020 0.020 


trans-2-Pentene 0.043 0.047 0.062 0.070 0.043 0.040 


cis-2-Pentene 0.026 0.028 0.037 0.039 0.026 0.024 


2,2-Dimethylbutane 0.060 0.061 0.084 0.073 0.066 0.059 


Cyclopentane 0.042 0.043 0.063 0.056 0.045 0.039 


2,3-Dimethylbutane 0.148 0.159 0.215 0.219 0.174 0.148 


2-Methylpentane 0.400 0.432 0.578 0.594 0.466 0.396 


3-Methylpentane 0.251 0.270 0.358 0.381 0.301 0.254 


1-Hexene 0.000 0.018 0.000 0.000 0.000 0.000 


n-Hexane 0.206 0.223 0.279 0.361 0.241 0.205 


Methylcyclopentane 0.248 0.274 0.348 0.464 0.304 0.248 


2,4-Dimethylpentane 0.176 0.193 0.233 0.286 0.206 0.176 


Benzene 0.801 1.160 0.859 1.040 1.355 0.992 


Cyclohexane 0.086 0.095 0.119 0.123 0.100 0.086 


2-Methylhexane 0.169 0.197 0.237 0.277 0.214 0.178 


2,3-Dimethylpentane 0.272 0.305 0.363 0.491 0.332 0.280 


3-Methylhexane 0.182 0.203 0.237 0.298 0.249 0.185 


2,2,4-Trimethylpentane 0.408 0.452 0.516 0.654 0.500 0.427 


n-Heptane 0.095 0.108 0.128 0.216 0.126 0.097 


Methylcyclohexane 0.093 0.108 0.128 0.176 0.122 0.093 


2,3,4-Trimethylpentane 0.135 0.151 0.168 0.222 0.167 0.143 


Toluene 0.998 1.022 1.061 2.545 1.113 0.969 


2-Methylheptane 0.083 0.097 0.107 0.144 0.119 0.100 


3-Methylheptane 0.091 0.103 0.110 0.125 0.117 0.097 


n-Octane 0.079 0.087 0.088 0.138 0.097 0.081 


Ethylbenzene 0.232 0.216 0.206 0.316 0.199 0.197 


m/p-Xylenes 0.644 0.635 0.632 1.234 0.670 0.602 


Styrene 0.000 0.000 0.000 0.000 0.000 0.000 
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o-Xylene 0.296 0.217 0.219 0.345 0.236 0.205 


Nonane 0.055 0.043 0.043 0.052 0.052 0.045 


Isopropylbenzene 0.020 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.042 0.027 0.027 0.038 0.025 0.026 


m-Ethyltoluene 0.155 0.162 0.156 0.192 0.153 0.152 


p-Ethyltoluene 0.063 0.073 0.068 0.094 0.069 0.072 


1,3,5-Trimethylbenzene 0.131 0.095 0.093 0.118 0.106 0.084 


o-Ethyltoluene 0.089 0.059 0.058 0.070 0.080 0.051 


1,2,4-Trimethylbenzene 0.238 0.199 0.193 0.276 0.213 0.194 


n-Decane 0.118 0.035 0.009 0.264 0.035 0.029 


1,2,3-Trimethylbenzene 0.077 0.085 0.000 0.161 0.079 0.005 


m-Diethylbenzene 0.128 0.125 0.000 0.210 0.082 0.000 


p-Diethylbenzene 0.031 0.028 0.017 0.047 0.028 0.005 


n-Undecane 0.194 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.070 0.025 0.000 0.030 0.132 0.000 


Ethanol 0.800 0.651 0.879 Outlier* 1.663 1.504 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


*Outlier: Ethanol emissions for this datapoint were calculated at 30.14 mg/mile. While no analytical issue was reported, this value was removed from 


the dataset as an outlier. Additional analysis detected this value as a significant outlier (P<0.05).  


 
 


 


Carbonyls 


Pollutants (mg/mile) E10 E15 
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Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.314 0.317 0.334 0.300 0.348 0.410 


Acetaldehyde   0.229 0.267 0.270 0.295 0.399 0.340 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.000 0.000 0.075 0.000 0.000 0.000 


Propionaldehyde   0.000 0.031 0.033 0.000 0.025 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.000 0.001 0.001 0.000 0.000 0.000 


Benzaldehyde  0.000 0.000 0.025 0.000 0.000 0.000 


Valeraldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


 


NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.011 0.013 0.014 0.011 0.015 0.013 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.020 0.015 0.017 0.019 0.025 0.024 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.012 0.003 0.005 0.001 0.007 0.004 


3N2O-w 0.007 0.004 0.005 0.004 0.007 0.006 


NH3 


NH3-1 0.003 0.003 0.002 0.002 0.009 0.002 


NH3-2 0.001 0.001 0.003 0.001 0.002 0.001 


NH3-3 0.002 0.002 0.002 0.002 0.002 0.003 


3NH3-w 0.002 0.002 0.002 0.002 0.003 0.002 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 56.448 ± 8.818 62.567 ± 19.504 
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2020MY Buick Enclave 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.081 0.081 0.082 0.112 0.073 0.073 


THC-2 0.006 0.005 0.006 0.007 0.007 0.006 


THC-3 0.017 0.015 0.018 0.016 0.018 0.016 


3THC-w 0.024 0.023 0.025 0.031 0.024 0.023 


NMHC Emissions (g/mile) 


NMHC-1 0.059 0.059 0.059 0.085 0.051 0.070 


NMHC-2 0.000 0.000 0.000 0.001 0.002 0.000 


NMHC-3 0.006 0.005 0.006 0.005 0.016 0.004 


3NMHC-w 0.014 0.014 0.014 0.019 0.016 0.016 


CH4 Emissions (g/mile) 


CH4-1 0.022 0.022 0.022 0.028 0.022 0.004 


CH4-2 0.005 0.005 0.006 0.006 0.006 0.006 


CH4-3 0.011 0.010 0.012 0.012 0.003 0.012 


3CH4-W 0.011 0.010 0.011 0.012 0.008 0.007 


CO Emissions (g/mile) 


CO-1 0.972 0.959 1.325 1.717 0.966 0.969 


CO-2 0.000 0.000 0.000 0.043 0.000 0.000 


CO-3 0.046 0.038 0.018 0.028 0.019 0.000 


3CO-w 0.214 0.209 0.279 0.385 0.206 0.200 


NOx Emissions (g/mile) 


NOx-1 0.023 0.021 0.012 0.019 0.026 0.017 


NOx-2 0.002 0.002 0.002 0.002 0.002 0.002 


NOx-3 0.006 0.005 0.005 0.004 0.007 0.005 


3NOx-w 0.007 0.006 0.005 0.006 0.008 0.006 
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CO2 Emissions (g/mile) 


CO2-1 417.458 424.235 420.868 429.026 420.920 420.380 


CO2-2 461.154 462.185 465.925 468.223 463.922 459.892 


CO2-3 366.043 370.518 370.953 373.602 370.430 369.195 


3CO2-w 426.051 429.222 430.581 434.171 429.381 426.812 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 20.307 19.985 20.117 19.321 19.750 19.775 


FE-2 18.460 18.419 18.271 17.825 17.993 18.150 


FE-3 23.250 22.971 22.945 22.338 22.530 22.607 


3FE-w 19.963 19.816 19.748 19.196 19.423 19.540 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 2.920 2.857 2.921 3.105 2.339 2.216 


PM-soot 2 0.180 0.135 0.154 0.106 0.100 0.082 


PM-soot 3 0.452 0.382 0.402 0.319 0.345 0.363 


3PM-soot-w 0.821 0.765 0.794 0.785 0.632 0.601 


PM mass (mg/mile) 


 PM-1 3.496 3.177 3.224 3.692 2.529 2.418 


PM-2 0.282 0.101 0.000 0.050 0.000 0.000 


PM-3 0.473 0.437 0.414 0.252 0.244 0.362 


3PM mass-w 0.999 0.829 0.780 0.859 0.591 0.600 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 7.11E+12 7.02E+12 6.98E+12 7.34E+12 6.17E+12 5.74E+12 


SPN-2 9.25E+11 6.85E+11 6.91E+11 4.79E+11 4.45E+11 4.12E+11 


SPN-3 1.63E+12 1.42E+12 1.32E+12 1.03E+12 1.12E+12 1.27E+12 


3SPN-w 2.40E+12 2.20E+12 2.16E+12 2.05E+12 1.82E+12 1.75E+12 


 


Hydrocarbon species 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 1.476 1.448 1.595 2.297 1.107 1.108 
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Acetylene 1.274 1.270 1.167 1.970 0.813 0.873 


Ethane 0.652 0.650 0.672 0.772 0.641 0.577 


Propylene 0.862 0.890 1.094 1.208 0.647 0.642 


Propane 0.000 0.001 0.004 0.000 0.105 0.000 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.133 0.143 0.211 0.240 0.113 0.111 


1,3-Butadiene 0.088 0.108 0.082 0.135 0.046 0.053 


n-Butane 0.056 0.048 0.058 0.057 0.030 0.072 


trans-2-Butene 0.070 0.071 0.137 0.107 0.056 0.056 


cis-2-Butene 0.056 0.058 0.134 0.121 0.048 0.046 


Isopentane 1.368 1.214 1.342 0.000 0.882 1.125 


1-Pentene 0.037 0.036 0.039 0.044 0.026 0.032 


n-Pentane 0.488 0.392 0.452 0.479 0.292 0.363 


Isoprene 0.034 0.036 0.033 0.046 0.022 0.023 


trans-2-Pentene 0.061 0.054 0.069 0.074 0.037 0.053 


cis-2-Pentene 0.036 0.032 0.041 0.043 0.022 0.030 


2,2-Dimethylbutane 0.086 0.082 0.086 0.096 0.065 0.076 


Cyclopentane 0.065 0.056 0.059 0.069 0.041 0.050 


2,3-Dimethylbutane 0.219 0.209 0.218 0.258 0.161 0.194 


2-Methylpentane 0.671 0.564 0.672 0.700 0.430 0.520 


3-Methylpentane 0.371 0.357 0.425 0.444 0.272 0.330 


1-Hexene 0.000 0.000 0.020 0.025 0.000 0.000 


n-Hexane 0.293 0.288 0.303 0.350 0.217 0.254 


Methylcyclopentane 0.358 0.353 0.359 0.433 0.265 0.308 


2,4-Dimethylpentane 0.240 0.249 0.246 0.291 0.195 0.215 


Benzene 1.211 1.199 1.330 1.823 0.886 0.877 


Cyclohexane 0.123 0.123 0.127 0.147 0.092 0.104 


2-Methylhexane 0.258 0.264 0.285 0.319 0.202 0.217 


2,3-Dimethylpentane 0.379 0.399 0.393 0.463 0.316 0.340 


3-Methylhexane 0.264 0.310 0.328 0.330 0.216 0.234 


2,2,4-Trimethylpentane 0.544 0.585 0.577 0.673 0.483 0.500 


n-Heptane 0.142 0.159 0.159 0.190 0.116 0.215 


Methylcyclohexane 0.142 0.154 0.148 0.187 0.112 0.115 


2,3,4-Trimethylpentane 0.179 0.197 0.191 0.224 0.169 0.167 
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Toluene 1.178 1.209 1.431 1.688 0.926 0.978 


2-Methylheptane 0.123 0.132 0.136 0.162 0.113 0.110 


3-Methylheptane 0.123 0.138 0.135 0.160 0.116 0.112 


n-Octane 0.102 0.125 0.145 0.134 0.099 0.094 


Ethylbenzene 0.212 0.237 0.301 0.322 0.193 0.192 


m/p-Xylenes 0.684 0.747 0.898 0.981 0.608 0.606 


Styrene 0.006 0.018 0.037 0.038 0.000 0.000 


o-Xylene 0.239 0.260 0.315 0.360 0.212 0.209 


Nonane 0.052 0.081 0.138 0.069 0.056 0.049 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.027 0.032 0.043 0.039 0.027 0.024 


m-Ethyltoluene 0.169 0.194 0.197 0.242 0.162 0.157 


p-Ethyltoluene 0.077 0.087 0.082 0.107 0.070 0.073 


1,3,5-Trimethylbenzene 0.114 0.131 0.157 0.157 0.112 0.096 


o-Ethyltoluene 0.076 0.075 0.147 0.078 0.057 0.061 


1,2,4-Trimethylbenzene 0.228 0.243 1.043 0.299 0.220 0.192 


n-Decane 0.045 0.108 0.106 0.041 0.042 0.027 


1,2,3-Trimethylbenzene 0.103 0.149 0.128 0.147 0.114 0.040 


m-Diethylbenzene 0.209 0.381 0.302 0.281 0.244 0.103 


p-Diethylbenzene 0.016 0.039 0.041 0.044 0.024 0.015 


n-Undecane 0.000 0.071 0.057 0.000 0.000 0.000 


n-Dodecane 0.035 0.052 0.067 0.025 0.024 0.027 


Ethanol 0.937 0.765 1.077 1.961 1.003 1.261 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.329 0.295 0.276 0.323 0.252 0.262 


Acetaldehyde   0.284 0.254 0.247 0.426 0.306 0.299 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.026 0.040 0.030 0.000 0.000 0.060 


Propionaldehyde   0.026 0.000 0.000 0.025 0.000 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 
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Methacrolein 0.000 0.000 0.000 0.000 0.000 0.000 


MEK & Butyraldehyde 0.000 0.001 0.002 0.008 0.000 0.005 


Benzaldehyde  0.000 0.031 0.033 0.039 0.032 0.030 


Valeraldehyde   0.000 0.000 0.000 0.000 0.000 0.025 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.002 0.000 0.000 0.000 0.000 


 


NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.014 0.014 0.015 0.020 0.016 0.016 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.043 0.046 0.037 0.047 0.045 0.038 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.001 0.001 0.005 0.003 0.013 0.006 


3N2O-w 0.009 0.010 0.009 0.011 0.013 0.009 


NH3 


NH3-1 0.002 0.001 0.005 0.002 0.002 0.008 


NH3-2 0.002 0.002 0.002 0.001 0.002 0.002 


NH3-3 0.002 0.002 0.002 0.002 0.002 0.003 


3NH3-w 0.002 0.002 0.003 0.002 0.002 0.003 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 68.385 ± 11.518 63.742 ± 19.072 


 


 


 


 


 


 


 


 







 


B82 


2021MY Chevrolet Colorado 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.070 0.066 0.075 0.059 0.070 0.072 


THC-2 0.009 0.008 0.008 0.009 0.008 0.010 


THC-3 0.016 0.020 0.014 0.012 0.011 0.014 


3THC-w 0.024 0.023 0.024 0.020 0.022 0.024 


NMHC Emissions (g/mile) 


NMHC-1 0.050 0.044 0.053 0.038 0.048 0.050 


NMHC-2 0.006 0.000 0.001 0.001 0.001 0.001 


NMHC-3 0.002 0.006 0.002 0.001 0.001 0.001 


3NMHC-w 0.014 0.011 0.012 0.008 0.011 0.011 


CH4 Emissions (g/mile) 


CH4-1 0.021 0.022 0.023 0.021 0.023 0.022 


CH4-2 0.003 0.008 0.008 0.008 0.007 0.009 


CH4-3 0.014 0.013 0.012 0.010 0.010 0.013 


3CH4-W 0.009 0.013 0.012 0.011 0.011 0.013 


CO Emissions (g/mile) 


CO-1 0.299 0.479 0.452 0.278 0.372 0.426 


CO-2 0.072 0.331 0.275 0.174 0.074 0.193 


CO-3 0.215 0.364 0.308 0.094 0.055 0.134 


3CO-w 0.158 0.371 0.321 0.173 0.131 0.225 


NOx Emissions (g/mile) 


NOx-1 0.026 0.025 0.031 0.036 0.028 0.028 


NOx-2 0.000 0.000 0.000 0.000 0.001 0.000 


NOx-3 0.001 0.001 0.001 0.002 0.002 0.001 


3NOx-w 0.006 0.006 0.007 0.008 0.006 0.006 


CO2 Emissions (g/mile) 


CO2-1 470.886 468.653 460.672 457.292 462.624 457.924 


CO2-2 450.877 448.778 446.871 446.160 448.569 445.511 


CO2-3 405.707 401.313 404.843 399.865 397.560 399.121 


3CO2-w 442.618 439.870 438.212 435.734 437.482 435.359 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 18.053 18.129 18.443 18.230 18.013 18.194 


FE-2 18.876 18.947 19.032 18.697 18.604 18.723 


FE-3 20.964 21.181 21.002 20.866 20.991 20.902 
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3FE-w 19.220 19.326 19.402 19.143 19.069 19.155 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 1.643 1.846 1.809 1.362 1.797 1.412 


PM-soot 2 0.195 0.197 0.218 0.196 0.217 0.210 


PM-soot 3 0.320 0.343 0.389 0.448 0.466 0.506 


3PM-soot-w 0.529 0.579 0.595 0.507 0.613 0.540 


PM mass (mg/mile) 


 PM-1 2.006 1.883 1.962 1.317 2.015 1.507 


PM-2 0.048 0.086 0.118 0.126 0.047 0.000 


PM-3 0.262 0.258 0.397 0.322 0.300 Problematic (PM filter damaged) 


3PM mass-w 0.512 0.506 0.577 0.427 0.524 Problematic (No results due to no phase 3 PM mass data) 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 4.70E+12 4.86E+12 4.83E+12 4.20E+12 4.82E+12 4.19E+12 


SPN-2 8.07E+11 8.27E+11 8.87E+11 8.05E+11 8.15E+11 7.53E+11 


SPN-3 1.32E+12 1.39E+12 1.33E+12 1.38E+12 1.43E+12 1.34E+12 


3SPN-w 1.75E+12 1.82E+12 1.82E+12 1.67E+12 1.81E+12 1.62E+12 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 0.861 0.904 0.766 0.823 0.931 0.843 


Acetylene 0.311 0.234 0.248 0.311 0.344 0.238 


Ethane 0.606 0.652 0.539 0.593 0.614 0.572 


Propylene 0.600 0.623 0.570 0.503 0.615 0.575 


Propane 0.017 0.000 0.000 0.091 0.005 0.000 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.097 0.105 0.101 0.080 0.100 0.125 


1,3-Butadiene 0.048 0.027 0.026 0.019 0.036 0.010 
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n-Butane 0.095 0.072 0.030 0.000 0.019 0.048 


trans-2-Butene 0.056 0.059 0.056 0.043 0.055 0.056 


cis-2-Butene 0.041 0.047 0.044 0.031 0.044 0.052 


Isopentane 1.439 1.243 1.247 0.763 0.982 1.180 


1-Pentene 0.039 0.034 0.035 0.024 0.031 0.036 


n-Pentane 0.458 0.400 0.508 0.317 0.313 0.389 


Isoprene 0.025 0.020 0.020 0.016 0.024 0.016 


trans-2-Pentene 0.065 0.050 0.060 0.035 0.047 0.057 


cis-2-Pentene 0.037 0.029 0.035 0.021 0.028 0.044 


2,2-Dimethylbutane 0.097 0.088 0.097 0.064 0.074 0.082 


Cyclopentane 0.062 0.053 0.059 0.037 0.046 0.051 


2,3-Dimethylbutane 0.244 0.215 0.244 0.158 0.186 0.206 


2-Methylpentane 0.684 0.568 0.654 0.415 0.497 0.628 


3-Methylpentane 0.401 0.354 0.416 0.272 0.309 0.344 


1-Hexene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Hexane 0.309 0.272 0.314 0.203 0.239 0.275 


Methylcyclopentane 0.368 0.332 0.374 0.239 0.286 0.337 


2,4-Dimethylpentane 0.252 0.237 0.262 0.174 0.204 0.206 


Benzene 0.550 0.774 0.535 0.422 0.541 0.520 


Cyclohexane 0.124 0.113 0.121 0.079 0.094 0.103 


2-Methylhexane 0.263 0.236 0.261 0.163 0.197 0.222 


2,3-Dimethylpentane 0.401 0.372 0.404 0.270 0.313 0.327 


3-Methylhexane 0.296 0.252 0.265 0.172 0.201 0.251 


2,2,4-Trimethylpentane 0.561 0.551 0.587 0.408 0.468 0.475 


n-Heptane 0.138 0.130 0.140 0.084 0.103 0.119 


Methylcyclohexane 0.133 0.123 0.129 0.079 0.099 0.102 


2,3,4-Trimethylpentane 0.178 0.177 0.182 0.131 0.147 0.147 


Toluene 0.777 0.853 1.076 0.592 0.773 0.826 


2-Methylheptane 0.109 0.110 0.110 0.077 0.089 0.090 


3-Methylheptane 0.113 0.115 0.114 0.081 0.093 0.094 


n-Octane 0.096 0.097 0.091 0.066 0.074 0.093 


Ethylbenzene 0.161 0.159 0.169 0.119 0.150 0.159 


m/p-Xylenes 0.520 0.538 0.550 0.376 0.479 0.495 


Styrene 0.000 0.000 0.000 0.000 0.000 0.000 
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o-Xylene 0.184 0.183 0.193 0.132 0.166 0.171 


Nonane 0.042 0.045 0.045 0.032 0.034 0.044 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.024 0.021 0.023 0.000 0.021 0.023 


m-Ethyltoluene 0.134 0.132 0.137 0.094 0.120 0.119 


p-Ethyltoluene 0.061 0.060 0.063 0.041 0.055 0.057 


1,3,5-Trimethylbenzene 0.078 0.087 0.079 0.056 0.069 0.058 


o-Ethyltoluene 0.000 0.055 0.050 0.034 0.045 0.050 


1,2,4-Trimethylbenzene 0.189 0.174 0.174 0.113 0.154 0.141 


n-Decane 0.039 0.038 0.013 0.009 0.009 0.041 


1,2,3-Trimethylbenzene 0.015 0.000 0.000 0.092 0.035 0.000 


m-Diethylbenzene 0.061 0.000 0.000 0.208 0.097 0.000 


p-Diethylbenzene 0.011 0.000 0.000 0.028 0.011 0.000 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.043 


n-Dodecane 0.067 0.033 0.000 0.023 0.000 0.000 


Ethanol 0.899 0.730 1.020 0.497 0.909 2.138 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.318 0.308 0.248 0.230 0.442 0.409 


Acetaldehyde   0.335 0.300 0.310 0.384 0.475 0.393 


Acrolein 0.000 0.000 0.000 0.000 0.000 0.000 


Acetone 0.000 0.063 0.109 0.000 0.000 0.000 


Propionaldehyde   0.000 0.027 0.028 0.000 0.000 0.000 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.000 0.000 0.027 0.000 0.000 0.000 


MEK & Butyraldehyde 0.000 0.002 0.016 0.000 0.000 0.001 


Benzaldehyde  0.026 0.000 0.029 0.000 0.027 0.026 


Valeraldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.000 0.000 0.000 0.000 0.000 
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NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.015 0.011 0.012 0.009 0.011 0.012 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.023 0.025 0.038 0.032 0.032 0.027 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.004 0.007 0.007 0.001 0.001 0.000 


3N2O-w 0.006 0.007 0.010 0.007 0.007 0.006 


NH3 


NH3-1 0.002 0.002 0.007 0.019 0.019 0.007 


NH3-2 0.006 0.006 0.005 0.005 0.005 0.008 


NH3-3 0.008 0.009 0.008 0.007 0.007 0.010 


3NH3-w 0.006 0.006 0.006 0.008 0.008 0.008 


 


 


 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 54.634 ± 9.262 45.182 ± 9.458 


 


 


 


 


2017MY Ford F150 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.137 0.172 0.142 0.081 0.119 0.101 


THC-2 0.013 0.012 0.012 0.012 0.014 0.012 


THC-3 0.028 0.030 0.032 0.029 0.030 0.032 







 


B87 


3THC-w 0.043 0.050 0.045 0.031 0.040 0.036 


NMHC Emissions (g/mile) 


NMHC-1 0.104 0.133 0.108 0.055 0.087 0.071 


NMHC-2 0.001 0.001 0.002 0.001 0.001 0.000 


NMHC-3 0.008 0.010 0.012 0.008 0.009 0.011 


3NMHC-w 0.024 0.031 0.027 0.014 0.021 0.018 


CH4 Emissions (g/mile) 


CH4-1 0.033 0.039 0.034 0.026 0.032 0.030 


CH4-2 0.012 0.011 0.010 0.011 0.013 0.011 


CH4-3 0.020 0.019 0.020 0.021 0.021 0.021 


3CH4-W 0.019 0.019 0.018 0.017 0.019 0.018 


CO Emissions (g/mile) 


CO-1 2.331 3.045 3.022 1.094 1.749 2.166 


CO-2 0.033 0.083 0.000 0.000 0.000 0.000 


CO-3 0.851 1.028 0.828 0.603 0.869 0.944 


3CO-w 0.735 0.957 0.855 0.393 0.603 0.707 


NOx Emissions (g/mile) 


NOx-1 0.029 0.033 0.032 0.026 0.027 0.026 


NOx-2 0.009 0.011 0.010 0.009 0.009 0.009 


NOx-3 0.016 0.009 0.009 0.007 0.010 0.018 


3NOx-w 0.015 0.015 0.014 0.012 0.013 0.015 


CO2 Emissions (g/mile) 


CO2-1 471.522 503.339 489.589 485.108 478.680 473.469 


CO2-2 432.414 442.780 442.569 441.396 442.360 435.580 


CO2-3 407.016 424.720 420.541 408.434 411.756 404.156 


3CO2-w 433.548 450.376 446.280 441.419 441.492 434.814 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 17.900 16.737 17.207 17.138 17.327 17.494 


FE-2 19.684 19.220 19.235 18.910 18.869 19.163 


FE-3 20.844 19.965 20.177 20.386 20.202 20.574 


3FE-w 19.579 18.834 19.013 18.880 18.862 19.144 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 
PM-soot 1 5.891 8.257 5.411 3.641 5.263 4.240 


PM-soot 2 0.118 0.160 0.128 0.086 0.124 0.134 
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PM-soot 3 0.223 0.297 0.305 0.132 0.173 0.135 


3PM-soot-w 1.346 1.876 1.274 0.838 1.205 0.984 


PM mass (mg/mile) 


 PM-1 6.386 9.077 6.011 4.017 5.751 4.797 


PM-2 0.000 0.225 0.000 0.000 0.000 0.000 


PM-3 0.127 0.283 0.229 1.890 0.143 0.189 


3PM mass-w 1.361 2.076 1.312 1.356 1.235 1.045 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 1.18E+13 1.43E+13 1.10E+13 8.84E+12 1.13E+13 1.13E+13 


SPN-2 3.06E+11 3.74E+11 3.10E+11 2.38E+11 3.57E+11 3.57E+11 


SPN-3 4.31E+11 5.02E+11 5.32E+11 3.14E+11 3.96E+11 3.96E+11 


3SPN-w 2.74E+12 3.29E+12 2.59E+12 2.05E+12 2.64E+12 2.64E+12 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 2.797 3.994 3.451 1.293 2.281 2.391 


Acetylene 0.973 1.148 1.134 0.409 0.654 0.854 


Ethane 1.241 1.565 1.268 0.845 0.984 1.153 


Propylene 1.577 2.287 1.881 0.807 1.272 1.366 


Propane 0.014 0.176 0.240 0.030 0.084 0.053 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.282 0.472 0.366 0.122 0.228 0.247 


1,3-Butadiene 0.078 0.105 0.082 0.022 0.035 0.064 


n-Butane 0.140 0.118 0.104 0.103 0.088 0.120 


trans-2-Butene 0.162 0.251 0.206 0.085 0.136 0.142 


cis-2-Butene 0.154 0.273 0.238 0.069 0.145 0.136 


Isopentane 2.188 2.215 1.981 1.812 1.627 1.877 


1-Pentene 0.043 0.050 0.047 0.036 0.034 0.039 


n-Pentane 0.702 0.735 0.665 0.795 0.577 0.707 


Isoprene 0.036 0.044 0.043 0.025 0.026 0.037 
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trans-2-Pentene 0.071 0.089 0.081 0.053 0.058 0.064 


cis-2-Pentene 0.042 0.052 0.048 0.031 0.034 0.037 


2,2-Dimethylbutane 0.169 0.179 0.154 0.151 0.134 0.153 


Cyclopentane 0.095 0.098 0.083 0.059 0.069 0.080 


2,3-Dimethylbutane 0.414 0.451 0.385 0.290 0.299 0.355 


2-Methylpentane 1.099 1.210 1.087 0.763 0.789 0.935 


3-Methylpentane 0.705 0.773 0.653 0.466 0.500 0.590 


1-Hexene 0.023 0.026 0.024 0.000 0.000 0.019 


n-Hexane 0.538 0.619 0.518 0.341 0.386 0.455 


Methylcyclopentane 0.637 0.726 0.605 0.478 0.469 0.568 


2,4-Dimethylpentane 0.474 0.532 0.452 0.292 0.333 0.400 


Benzene 2.506 3.586 2.948 1.108 1.996 2.138 


Cyclohexane 0.220 0.253 0.202 0.225 0.171 0.213 


2-Methylhexane 0.535 0.628 0.507 0.306 0.360 0.443 


2,3-Dimethylpentane 0.783 0.901 0.741 0.476 0.540 0.658 


3-Methylhexane 0.586 0.693 0.572 0.350 0.388 0.466 


2,2,4-Trimethylpentane 1.154 1.329 1.096 0.712 0.812 0.976 


n-Heptane 0.351 0.408 0.315 0.174 0.214 0.272 


Methylcyclohexane 0.310 0.374 0.284 0.166 0.202 0.252 


2,3,4-Trimethylpentane 0.383 0.443 0.365 0.229 0.269 0.322 


Toluene 1.933 2.813 2.464 0.912 1.519 1.703 


2-Methylheptane 0.288 0.298 0.241 0.134 0.175 0.202 


3-Methylheptane 0.258 0.319 0.252 0.130 0.178 0.217 


n-Octane 0.207 0.270 0.218 0.117 0.146 0.186 


Ethylbenzene 0.355 0.540 0.444 0.174 0.273 0.309 


m/p-Xylenes 1.122 1.652 1.319 0.555 0.843 0.952 


Styrene 0.029 0.054 0.053 0.000 0.000 0.025 


o-Xylene 0.382 0.556 0.443 0.193 0.284 0.322 


Nonane 0.101 0.135 0.101 0.057 0.073 0.087 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.033 0.048 0.039 0.020 0.027 0.030 


m-Ethyltoluene 0.246 0.406 0.318 0.142 0.201 0.230 


p-Ethyltoluene 0.112 0.198 0.152 0.065 0.100 0.110 


1,3,5-Trimethylbenzene 0.215 0.290 0.223 0.095 0.139 0.171 
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o-Ethyltoluene 0.085 0.185 0.091 0.046 0.059 0.074 


1,2,4-Trimethylbenzene 0.326 0.512 0.373 0.198 0.247 0.303 


n-Decane 0.037 0.109 0.124 0.019 0.035 0.052 


1,2,3-Trimethylbenzene 0.156 0.042 0.117 0.000 0.000 0.015 


m-Diethylbenzene 0.200 0.000 0.232 0.000 0.000 0.000 


p-Diethylbenzene 0.045 0.090 0.061 0.003 0.005 0.026 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.000 0.000 0.018 0.000 0.000 0.000 


Ethanol 0.563 0.172 0.467 0.364 0.407 0.471 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.541 0.654 0.730 0.542 0.672 0.684 


Acetaldehyde   0.369 0.540 0.527 0.427 0.589 0.554 


Acrolein 0.025 0.032 0.025 0.028 0.033 0.029 


Acetone 0.000 0.000 0.000 0.154 0.068 0.000 


Propionaldehyde   0.033 0.044 0.041 0.033 0.044 0.043 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.027 0.030 0.027 0.028 0.030 0.028 


MEK & Butyraldehyde 0.005 0.010 0.007 0.001 0.007 0.008 


Benzaldehyde  0.046 0.053 0.052 0.034 0.053 0.042 


Valeraldehyde   0.000 0.000 0.000 0.026 0.030 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


 


NMOG 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.025 0.031 0.027 0.015 0.022 0.019 


 


N2O and NH3 


Pollutants (g/mile) Phase E10  E15 
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Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.138 0.126 0.055 0.058 0.097 0.052 


N2O-2 0.004 0.005 0.003 0.000 0.002 0.001 


N2O-3 0.099 0.184 0.125 0.073 0.133 0.145 


3N2O-w 0.058 0.079 0.047 0.032 0.058 0.051 


NH3 


NH3-1 0.003 0.005 0.013 0.012 0.021 0.019 


NH3-2 0.002 0.003 0.004 0.006 0.006 0.006 


NH3-3 0.003 0.005 0.005 0.007 0.004 0.005 


3NH3-w 0.002 0.004 0.006 0.008 0.009 0.008 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 137.135 ± 19.783 91.661 ± 19.293 


 


 


 


 


 


 


 


 


2021MY Hyundai Accent 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.075 0.073 0.070 0.078 0.070 0.079 


THC-2 0.001 0.002 0.004 0.002 0.002 0.002 


THC-3 0.003 0.003 0.003 0.003 0.003 0.003 


3THC-w 0.017 0.017 0.017 0.018 0.016 0.018 


NMHC Emissions (g/mile) 


NMHC-1 0.069 0.067 0.063 0.071 0.063 0.072 


NMHC-2 0.000 0.001 0.003 0.001 0.000 0.001 


NMHC-3 0.001 0.001 0.001 0.001 0.001 0.001 


3NMHC-w 0.014 0.015 0.015 0.016 0.014 0.015 
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CH4 Emissions (g/mile) 


CH4-1 0.006 0.007 0.007 0.007 0.007 0.007 


CH4-2 0.001 0.001 0.001 0.001 0.001 0.001 


CH4-3 0.002 0.002 0.002 0.002 0.002 0.002 


3CH4-W 0.002 0.002 0.003 0.002 0.003 0.003 


CO Emissions (g/mile) 


CO-1 0.298 0.411 0.405 0.297 0.354 0.334 


CO-2 0.000 0.006 0.000 0.000 0.000 0.000 


CO-3 0.040 0.018 0.000 0.000 0.000 0.003 


3CO-w 0.073 0.093 0.084 0.061 0.074 0.070 


NOx Emissions (g/mile) 


NOx-1 0.022 0.023 0.022 0.022 0.022 0.023 


NOx-2 0.020 0.017 0.018 0.020 0.019 0.020 


NOx-3 0.005 0.004 0.006 0.006 0.005 0.006 


3NOx-w 0.016 0.015 0.016 0.017 0.016 0.017 


CO2 Emissions (g/mile) 


CO2-1 213.806 211.330 209.496 217.305 214.539 214.163 


CO2-2 194.357 192.420 190.772 199.524 199.875 196.364 


CO2-3 185.190 184.181 187.461 189.204 188.933 186.661 


3CO2-w 195.866 194.077 193.736 200.369 199.913 197.388 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 38.291 38.771 38.840 39.690 40.121 40.474 


FE-2 41.836 41.763 42.510 43.802 44.241 44.623 


FE-3 44.117 44.181 44.717 45.954 46.214 45.412 


3FE-w 41.630 41.722 42.255 43.429 43.821 43.902 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 0.099 0.080 0.070 0.103 0.076 0.122 


PM-soot 2 0.018 0.014 0.020 0.020 0.017 0.017 


PM-soot 3 0.013 0.012 0.015 0.014 0.013 0.012 


3PM-soot-w 0.033 0.027 0.029 0.036 0.028 0.037 


PM mass (mg/mile) 


 PM-1 0.063 0.010 0.000 0.014 0.054 0.136 


PM-2 0.000 0.000 0.000 0.000 0.000 0.000 


PM-3 0.000 0.000 0.000 0.000 0.000 0.000 
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3PM mass-w 0.013 0.002 0.000 0.003 0.011 0.028 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 


SPN-1 4.71E+11 3.94E+11 3.15E+11 4.88E+11 3.80E+11 5.73E+11 


SPN-2 2.89E+09 3.35E+09 2.80E+09 2.75E+09 2.51E+09 2.46E+09 


SPN-3 2.34E+09 2.31E+09 2.24E+09 1.85E+09 1.86E+09 1.85E+09 


3SPN-w 9.95E+10 8.41E+10 6.73E+10 1.03E+11 8.07E+10 1.20E+11 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 1.399 1.386 1.327 1.469 1.245 1.485 


Acetylene 0.045 0.119 0.103 0.098 0.101 0.108 


Ethane 0.449 0.478 0.452 0.437 0.376 0.447 


Propylene 1.135 1.096 1.072 1.148 1.028 1.189 


Propane 0.031 0.085 0.037 0.000 0.129 0.000 


Isobutane 0.000 0.007 0.020 0.000 0.000 0.000 


1-Butene 0.272 0.252 0.248 0.279 0.244 0.272 


1,3-Butadiene 0.063 0.076 0.077 0.082 0.067 0.000 


n-Butane 0.093 0.093 0.127 0.072 0.048 0.062 


trans-2-Butene 0.163 0.148 0.147 0.157 0.146 0.169 


cis-2-Butene 0.210 0.199 0.206 0.198 0.189 0.209 


Isopentane 1.536 1.321 1.397 1.454 1.108 1.402 


1-Pentene 0.041 0.037 0.038 0.042 0.032 0.042 


n-Pentane 0.508 0.439 0.475 0.490 0.370 0.472 


Isoprene 0.034 0.037 0.034 0.037 0.032 0.000 


trans-2-Pentene 0.083 0.068 0.068 0.080 0.063 0.078 


cis-2-Pentene 0.049 0.041 0.042 0.047 0.037 0.046 


2,2-Dimethylbutane 0.106 0.092 0.092 0.100 0.079 0.099 


Cyclopentane 0.071 0.060 0.062 0.068 0.053 0.066 


2,3-Dimethylbutane 0.288 0.242 0.236 0.276 0.214 0.270 


2-Methylpentane 0.783 0.659 0.643 0.744 0.582 0.736 
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3-Methylpentane 0.483 0.410 0.401 0.458 0.362 0.458 


1-Hexene 0.019 0.019 0.018 0.020 0.017 0.000 


n-Hexane 0.383 0.330 0.323 0.367 0.295 0.365 


Methylcyclopentane 0.475 0.405 0.400 0.454 0.360 0.451 


2,4-Dimethylpentane 0.319 0.276 0.270 0.306 0.247 0.300 


Benzene 0.615 0.596 0.583 0.624 0.548 0.633 


Cyclohexane 0.154 0.136 0.139 0.149 0.120 0.147 


2-Methylhexane 0.360 0.314 0.307 0.341 0.275 0.342 


2,3-Dimethylpentane 0.507 0.441 0.434 0.484 0.394 0.486 


3-Methylhexane 0.370 0.321 0.322 0.349 0.279 0.361 


2,2,4-Trimethylpentane 0.712 0.639 0.628 0.684 0.570 0.689 


n-Heptane 0.223 0.195 0.187 0.213 0.171 0.213 


Methylcyclohexane 0.210 0.183 0.181 0.205 0.160 0.205 


2,3,4-Trimethylpentane 0.242 0.216 0.212 0.229 0.191 0.226 


Toluene 1.303 1.193 1.219 1.287 1.111 1.354 


2-Methylheptane 0.161 0.144 0.142 0.159 0.128 0.151 


3-Methylheptane 0.167 0.152 0.149 0.166 0.137 0.164 


n-Octane 0.142 0.128 0.128 0.149 0.118 0.138 


Ethylbenzene 0.317 0.306 0.293 0.326 0.285 0.338 


m/p-Xylenes 0.960 0.943 0.913 0.993 0.873 1.036 


Styrene 0.016 0.027 0.017 0.023 0.012 0.000 


o-Xylene 0.339 0.330 0.324 0.353 0.306 0.364 


Nonane 0.072 0.066 0.068 0.072 0.060 0.095 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.045 0.046 0.043 0.044 0.036 0.050 


m-Ethyltoluene 0.292 0.279 0.267 0.286 0.249 0.296 


p-Ethyltoluene 0.140 0.132 0.129 0.126 0.112 0.134 


1,3,5-Trimethylbenzene 0.175 0.167 0.167 0.191 0.153 0.181 


o-Ethyltoluene 0.089 0.084 0.077 0.086 0.078 0.092 


1,2,4-Trimethylbenzene 0.353 0.346 0.326 0.358 0.308 0.354 


n-Decane 0.072 0.054 0.046 0.046 0.044 0.048 


1,2,3-Trimethylbenzene 0.077 0.045 0.055 0.106 0.059 0.049 


m-Diethylbenzene 0.061 0.000 0.046 0.131 0.051 0.000 


p-Diethylbenzene 0.079 0.068 0.076 0.135 0.091 0.075 







 


B95 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.015 


n-Dodecane 0.000 0.000 0.000 0.012 0.015 0.000 


Ethanol 0.421 0.414 0.495 1.470 0.605 0.000 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) 


E10 E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.297 0.269 0.275 0.266 0.167 0.182 


Acetaldehyde   0.438 0.439 0.423 0.631 0.575 0.614 


Acrolein 0.000 0.000 0.000 0.031 0.000 0.000 


Acetone 0.000 0.000 0.000 0.000 0.000 0.000 


Propionaldehyde   0.035 0.030 0.030 0.038 0.031 0.032 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.015 0.000 0.015 0.000 0.000 0.016 


MEK & Butyraldehyde 0.013 0.008 0.008 0.017 0.007 0.009 


Benzaldehyde  0.024 0.022 0.021 0.030 0.024 0.025 


Valeraldehyde   0.000 0.014 0.000 0.023 0.000 0.000 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.000 0.000 0.027 0.000 0.000 


 


NMOG 


 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.015 0.015 0.015 0.017 0.014 0.016 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.090 0.090 0.058 0.063 0.069 0.091 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.003 0.003 0.002 0.003 0.003 0.002 


3N2O-w 0.019 0.019 0.013 0.014 0.015 0.020 
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NH3 


NH3-1 0.001 0.001 0.001 0.001 0.001 0.002 


NH3-2 0.002 0.002 0.001 0.004 0.001 0.007 


NH3-3 0.002 0.002 0.001 0.002 0.001 0.002 


3NH3-w 0.002 0.002 0.001 0.003 0.001 0.005 


 


OFP 
 E10 E15 


Total OFP (mg O3/mile) 62.971 ± 3.438 63.476 ± 7.141 


 


 


 


 


 


 


 


2018MY Chevrolet Suburban 


 


Gaseous and fuel economy 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


THC Emissions (g/mile) 


THC-1 0.175 0.153 0.180 0.141 0.144 0.142 


THC-2 0.007 0.006 0.007 0.005 0.007 0.006 


THC-3 0.017 0.014 0.013 0.014 0.014 0.013 


3THC-w 0.044 0.039 0.044 0.036 0.037 0.036 


NMHC Emissions (g/mile) 


NMHC-1 0.135 0.114 0.137 0.104 0.107 0.102 


NMHC-2 0.000 0.000 0.000 0.000 0.001 0.000 


NMHC-3 0.002 0.002 0.001 0.001 0.002 0.000 


3NMHC-w 0.028 0.024 0.028 0.021 0.023 0.021 


CH4 Emissions (g/mile) 


CH4-1 0.040 0.039 0.042 0.036 0.037 0.040 


CH4-2 0.007 0.007 0.008 0.006 0.007 0.006 


CH4-3 0.015 0.012 0.012 0.013 0.012 0.013 


3CH4-W 0.016 0.015 0.016 0.014 0.014 0.015 


CO Emissions (g/mile) 
CO-1 2.900 1.983 2.397 1.834 1.811 2.033 


CO-2 0.073 0.119 0.159 0.190 0.000 0.000 
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CO-3 0.189 0.358 0.369 0.316 0.063 0.166 


3CO-w 0.692 0.571 0.681 0.566 0.393 0.467 


NOx Emissions (g/mile) 


NOx-1 0.017 0.021 0.017 0.018 0.029 0.038 


NOx-2 0.006 0.006 0.007 0.005 0.006 0.007 


NOx-3 0.006 0.004 0.004 0.005 0.005 0.004 


3NOx-w 0.008 0.009 0.008 0.008 0.010 0.013 


CO2 Emissions (g/mile) 


CO2-1 542.531 557.435 548.138 556.535 555.002 560.452 


CO2-2 526.540 531.994 527.903 533.860 529.141 534.759 


CO2-3 481.678 478.386 478.093 482.482 485.296 483.005 


3CO2-w 517.520 522.521 518.404 524.431 522.459 525.874 


Fuel economy-carbon balanced method (miles per gallon) 


FE-1 14.911 14.952 14.799 15.546 15.175 15.410 


FE-2 15.627 15.775 15.609 16.164 15.997 16.119 


FE-3 17.282 17.196 17.272 17.662 17.774 17.784 


3FE-w 15.887 15.955 15.848 16.412 16.261 16.384 


 


PM mass and black carbon 


Pollutants  Phase  
E10  E15 


Run1 Run2 Run3 Run1 Run1 Run2 


Black carbon (mg/mile) 


PM-soot 1 1.677 3.865 4.269 3.606 2.652 3.954 


PM-soot 2 0.176 0.222 0.214 0.179 0.153 0.160 


PM-soot 3 0.078 0.089 0.120 0.103 0.121 0.095 


3PM-soot-w 0.461 0.941 1.031 0.870 0.662 0.928 


PM mass (mg/mile) 


 PM-1 1.752 4.131 3.790 3.899 3.468 4.090 


PM-2 0.000 0.003 0.044 0.047 0.000 0.000 


PM-3 0.000 0.105 0.000 0.000 0.165 0.000 


3PM mass-w 0.364 0.887 0.810 0.833 0.765 0.848 


 


SPN 


Pollutant Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


SPN (#/mile) 
SPN-1 6.98E+12 5.49E+12 9.00E+12 9.31E+12 1.07E+13 5.64E+12 


SPN-2 6.60E+11 1.38E+11 8.51E+11 7.19E+11 5.22E+11 5.81E+11 
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SPN-3 2.68E+11 1.35E+11 3.07E+11 4.25E+11 4.41E+11 4.35E+11 


3SPN-w 1.86E+12 1.25E+12 2.39E+12 2.42E+12 2.61E+12 1.59E+12 


 


Hydrocarbon species and ethanol 


Pollutants (mg/mile) 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


Ethylene 4.812 3.608 21.551 3.264 3.005 3.191 


Acetylene 1.612 1.081 1.840 1.160 0.966 0.897 


Ethane 1.668 1.578 8.103 1.309 1.301 1.254 


Propylene 2.869 2.046 2.628 1.696 1.893 1.896 


Propane 0.105 0.001 0.013 0.078 0.104 0.011 


Isobutane 0.000 0.000 0.000 0.000 0.000 0.000 


1-Butene 0.527 0.348 0.485 0.295 0.334 0.326 


1,3-Butadiene 0.107 0.070 0.154 0.000 0.070 0.062 


n-Butane 0.122 0.110 0.132 0.371 0.133 0.111 


trans-2-Butene 0.396 0.226 0.300 0.138 0.206 0.213 


cis-2-Butene 0.360 0.187 0.265 0.131 0.170 0.178 


Isopentane 2.171 2.124 2.649 1.977 2.449 2.022 


1-Pentene 0.066 0.059 0.081 0.000 0.072 0.054 


n-Pentane 0.964 0.824 1.017 0.904 1.158 0.983 


Isoprene 0.113 0.072 0.110 0.016 0.070 0.103 


trans-2-Pentene 0.130 0.099 0.151 0.058 0.101 0.092 


cis-2-Pentene 0.073 0.058 0.086 0.034 0.060 0.053 


2,2-Dimethylbutane 0.229 0.207 0.240 0.207 0.224 0.224 


Cyclopentane 0.100 0.090 0.136 0.082 0.094 0.087 


2,3-Dimethylbutane 0.489 0.480 0.589 0.382 0.428 0.466 


2-Methylpentane 1.233 1.229 1.532 0.982 1.073 1.140 


3-Methylpentane 0.785 0.778 0.961 0.622 0.679 0.720 


1-Hexene 0.035 0.031 0.041 0.000 0.031 0.028 


n-Hexane 0.561 0.554 0.706 0.453 0.504 0.497 


Methylcyclopentane 0.872 0.782 0.991 0.695 0.784 0.827 


2,4-Dimethylpentane 0.471 0.465 0.583 0.383 0.432 0.423 


Benzene 3.339 2.550 3.184 2.570 2.343 2.585 


Cyclohexane 0.360 0.296 0.362 0.308 0.366 0.360 
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2-Methylhexane 0.506 0.511 0.632 0.400 0.462 0.451 


2,3-Dimethylpentane 0.742 0.775 0.918 0.623 0.695 0.679 


3-Methylhexane 0.537 0.534 0.653 0.433 0.493 0.472 


2,2,4-Trimethylpentane 1.131 1.169 1.325 0.961 1.053 1.044 


n-Heptane 0.308 0.307 0.382 0.242 0.277 0.270 


Methylcyclohexane 0.344 0.326 0.405 0.238 0.271 0.308 


2,3,4-Trimethylpentane 0.373 0.391 0.421 0.305 0.351 0.346 


Toluene 3.242 2.239 3.042 2.213 2.164 2.274 


2-Methylheptane 0.247 0.248 0.276 2.442 0.231 0.218 


3-Methylheptane 0.258 0.258 0.289 0.210 0.236 0.234 


n-Octane 0.209 0.204 0.231 0.177 0.192 0.193 


Ethylbenzene 0.631 0.453 0.587 0.441 0.428 0.425 


m/p-Xylenes 1.896 1.478 1.785 1.206 1.384 1.406 


Styrene 0.017 0.014 0.027 0.000 0.007 0.002 


o-Xylene 0.630 0.507 0.605 0.442 0.479 0.490 


Nonane 0.106 0.106 0.107 0.086 0.098 0.101 


Isopropylbenzene 0.000 0.000 0.000 0.000 0.000 0.000 


n-Propylbenzene 0.058 0.054 0.061 0.048 0.051 0.051 


m-Ethyltoluene 0.449 0.374 0.418 0.301 0.346 0.361 


p-Ethyltoluene 0.207 0.174 0.193 0.151 0.156 0.163 


1,3,5-Trimethylbenzene 0.256 0.243 0.242 0.152 0.236 0.238 


o-Ethyltoluene 0.134 0.119 0.142 0.094 0.097 0.117 


1,2,4-Trimethylbenzene 0.529 0.496 0.522 0.351 0.495 0.517 


n-Decane 0.023 0.026 0.051 0.061 0.040 0.045 


1,2,3-Trimethylbenzene 0.000 0.000 0.000 0.057 0.000 0.000 


m-Diethylbenzene 0.000 0.000 0.000 0.171 0.000 0.000 


p-Diethylbenzene 0.063 0.043 0.066 0.048 0.060 0.061 


n-Undecane 0.000 0.000 0.000 0.000 0.000 0.000 


n-Dodecane 0.000 0.000 0.000 0.000 0.000 0.000 


Ethanol 1.195 0.000 2.112 4.425 2.801 1.972 


Naphthalene 0.000 0.000 0.000 0.000 0.000 0.000 


 


Carbonyls 


Pollutants (mg/mile) E10 E15 
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Run1 Run2 Run3 Run1 Run2 Run3 


Formaldehyde  0.865 0.655 0.801 0.938 0.911 0.750 


Acetaldehyde   0.713 0.653 0.737 0.917 0.877 0.840 


Acrolein 0.058 0.065 0.000 0.057 0.062 0.052 


Acetone 0.597 0.329 0.365 5.538 0.282 0.914 


Propionaldehyde   0.065 0.056 0.000 0.068 0.061 0.060 


Crotonaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 


Methacrolein 0.043 0.044 0.047 0.043 0.041 0.039 


MEK & Butyraldehyde 0.024 0.023 0.021 0.014 0.014 0.015 


Benzaldehyde  0.068 0.070 0.076 0.067 0.068 0.058 


Valeraldehyde   0.040 0.036 0.045 0.000 0.042 0.039 


m-Tolualdehyde   0.000 0.000 0.000 0.000 0.000 0.000 


Hexaldehyde   0.000 0.000 0.000 0.000 0.000 0.000 


 


NMOG 


 
  E10 E15 


  Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 


NMOG (g/mile) 0.030 0.024 0.030 0.024 0.025 0.023 


 


N2O and NH3 


Pollutants (g/mile) Phase 
E10  E15 


Run1 Run2 Run3 Run1 Run2 Run3 


N2O 


N2O-1 0.014 0.026 0.016 0.057 0.055 0.027 


N2O-2 0.000 0.000 0.000 0.000 0.000 0.000 


N2O-3 0.000 0.000 0.000 0.005 0.004 0.000 


3N2O-w 0.003 0.005 0.003 0.013 0.013 0.006 


NH3 


NH3-1 0.003 0.003 0.003 0.008 0.010 0.004 


NH3-2 0.005 0.011 0.004 0.009 0.007 0.006 


NH3-3 0.004 0.003 0.003 0.004 0.004 0.005 


3NH3-w 0.005 0.007 0.003 0.007 0.007 0.005 


 


OFP 
 E10 E15 
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Total OFP (mg O3/mile) 146.866 ± 18.323 123.465 ± 17.128 
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Appendix C 
Detailed Statistical Analysis Results for the Twenty Vehicles 


 


1  THC 


 
1) THC_1 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 99 4.76 0.0315 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -2.7787 0.1187 99 -23.41 <.0001 


Fuel E15 -2.8416 0.1187 99 -23.94 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.06292 0.02884 99 2.18 0.0315 Tukey-Kramer 0.0315 


 


2) THC_2 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 99 2.25 0.1364 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -6.2750 0.2545 99 -24.66 <.0001 


Fuel E15 -6.3948 0.2545 99 -25.13 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.1198 0.07977 99 1.50 0.1364 Tukey-Kramer 0.1364 


 


 


3) THC_3 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 0.00 0.9538 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -5.0422 0.1931 19 -26.11 <.0001 
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Fuel E15 -5.0451 0.1931 19 -26.13 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.002979 0.05070 19 0.06 0.9538 Tukey-Kramer 0.9538 


 


4) THC_w 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 99 5.45 0.0216 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -4.1307 0.1295 99 -31.89 <.0001 


Fuel E15 -4.1800 0.1295 99 -32.27 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.04935 0.02114 99 2.33 0.0216 Tukey-Kramer 0.0216 


 


2 NMHC 


 
1) NMHC_1 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 99 4.62 0.0340 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -3.0197 0.1179 99 -25.61 <.0001 


Fuel E15 -3.0871 0.1179 99 -26.18 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.06746 0.03137 99 2.15 0.0340 Tukey-Kramer 0.0340 


 


 


2) NMHC_2 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 99 0.33 0.5674 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -6.6219 0.08004 99 -82.74 <.0001 
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Fuel E15 -6.6592 0.08004 99 -83.20 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.03734 0.06507 99 0.57 0.5674 Tukey-Kramer 0.5674 


 


3) NMHC_3 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 99 3.37 0.0694 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -6.0988 0.2111 99 -28.89 <.0001 


Fuel E15 -6.2236 0.2111 99 -29.48 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.1249 0.06802 99 1.84 0.0694 Tukey-Kramer 0.0694 


 


4) NMHC_w 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 3.25 0.0875 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 0.01267 0.001443 19 8.79 <.0001 


Fuel E15 0.01164 0.001443 19 8.07 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.001033 0.000573 19 1.80 0.0875 Tukey-Kramer 0.0875 


 


 


3 CO 


 
1) CO_1 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 99 6.66 0.0113 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 1.0847 0.1724 99 6.29 <.0001 
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Fuel E15 0.9537 0.1724 99 5.53 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.1310 0.05076 99 2.58 0.0113 Tukey-Kramer 0.0113 


 


2) CO_2 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 99 0.02 0.8934 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -4.9612 0.4107 99 -12.08 <.0001 


Fuel E15 -4.9975 0.4107 99 -12.17 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.03627 0.2700 99 0.13 0.8934 Tukey-Kramer 0.8934 


 


 


3) CO_3 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 99 8.44 0.0045 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 0.2919 0.08372 99 3.49 0.0007 


Fuel E15 0.2142 0.08372 99 2.56 0.0120 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.07768 0.02674 99 2.91 0.0045 Tukey-Kramer 0.0045 


 


4) CO_w 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 6.49 0.0196 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 0.3334 0.05590 19 5.96 <.0001 


Fuel E15 0.2770 0.05590 19 4.95 <.0001 
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Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.05643 0.02215 19 2.55 0.0196 Tukey-Kramer 0.0196 


 


4 NOx 


 
1) NOx_1 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 1.07 0.3148 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 0.02302 0.003585 19 6.42 <.0001 


Fuel E15 0.02153 0.003585 19 6.01 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.001492 0.001445 19 1.03 0.3148 Tukey-Kramer 0.3148 


 


 


2) NOx_2 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 0.28 0.6028 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -5.8745 0.4036 19 -14.55 <.0001 


Fuel E15 -5.9202 0.4036 19 -14.67 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.04567 0.08629 19 0.53 0.6028 Tukey-Kramer 0.6028 


 


 


3) NOx_3 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 0.56 0.4619 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -5.4955 0.2577 19 -21.33 <.0001 


Fuel E15 -5.6566 0.2577 19 -21.95 <.0001 







 


C6 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.1611 0.2145 19 0.75 0.4619 Tukey-Kramer 0.4619 


 


4) NOx_w 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 0.47 0.4997 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -4.9107 0.1989 19 -24.68 <.0001 


Fuel E15 -4.9441 0.1989 19 -24.85 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.03337 0.04849 19 0.69 0.4997 Tukey-Kramer 0.4997 


 


5 CO2 


 
1) CO2_1 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 0.97 0.3360 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 363.11 26.1488 19 13.89 <.0001 


Fuel E15 361.39 26.1488 19 13.82 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 1.7188 1.7413 19 0.99 0.3360 Tukey-Kramer 0.3360 


 


2) CO2_2 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 1.75 0.2015 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 352.37 28.5271 19 12.35 <.0001 


Fuel E15 354.63 28.5271 19 12.43 <.0001 
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Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 -2.2637 1.7109 19 -1.32 0.2015 Tukey-Kramer 0.2015 


 


3) CO2_3 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 99 3.25 0.0746 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 311.49 22.2356 99 14.01 <.0001 


Fuel E15 309.89 22.2356 99 13.94 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 1.6012 0.8885 99 1.80 0.0746 Tukey-Kramer 0.0746 


 


4) CO2_w 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 0.08 0.7793 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 343.38 26.1706 19 13.12 <.0001 


Fuel E15 343.75 26.1706 19 13.13 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 -0.3678 1.2938 19 -0.28 0.7793 Tukey-Kramer 0.7793 


 


 


6 PM 


 
1) PM_1 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 6.52 0.0194 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 3.3414 0.7024 19 4.76 0.0001 


Fuel E15 2.7860 0.7024 19 3.97 0.0008 
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Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.5554 0.2175 19 2.55 0.0194 Tukey-Kramer 0.0194 


 


2) PM_2 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 6.21 0.0221 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -3.4967 0.4714 19 -7.42 <.0001 


Fuel E15 -4.2422 0.4714 19 -9.00 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.7455 0.2991 19 2.49 0.0221 Tukey-Kramer 0.0221 


 


3) PM_3 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 3.44 0.0794 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -2.6081 0.4880 19 -5.34 <.0001 


Fuel E15 -3.1283 0.4888 19 -6.40 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.5202 0.2806 19 1.85 0.0794 Tukey-Kramer 0.0794 


 


4) PM_w 


 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 5.70 0.0275 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 0.8576 0.1788 19 4.80 0.0001 


Fuel E15 0.6958 0.1789 19 3.89 0.0010 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 
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Fuel E10 E15 0.1617 0.06772 19 2.39 0.0275 Tukey-Kramer 0.0275 


 


6 FEw 


 
Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 8.40 0.0092 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 3.2846 0.08353 19 39.32 <.0001 


Fuel E15 3.2728 0.08353 19 39.18 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.01184 0.004086 19 2.90 0.0092 Tukey-Kramer 0.0092 


 


7 SPN_w 


 
Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 9.16 0.0069 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 27.5886 0.2710 19 101.81 <.0001 


Fuel E15 27.4552 0.2710 19 101.32 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.1335 0.04409 19 3.03 0.0069 Tukey-Kramer 0.0069 


 


8 1,3-Butadiene 


 
Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 0.01 0.9192 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -3.6269 0.3324 19 -10.91 <.0001 


Fuel E15 -3.6464 0.3324 19 -10.97 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.01949 0.1896 19 0.10 0.9192 Tukey-Kramer 0.9192 


 







 


C10 


9  Benzene 


 
Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 0.00 0.9658 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -0.1380 0.1400 19 -0.99 0.3365 


Fuel E15 -0.1350 0.1400 19 -0.96 0.3469 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 -0.00300 0.06908 19 -0.04 0.9658 Tukey-Kramer 0.9658 


 


10 Toluene 


 
Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 0.37 0.5508 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -0.1115 0.1557 19 -0.72 0.4825 


Fuel E15 -0.01816 0.1557 19 -0.12 0.9084 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 -0.09337 0.1537 19 -0.61 0.5508 Tukey-Kramer 0.5508 


 


11 Ethylbenzene 
 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 4.39 0.0498 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 0.2312 0.02798 19 8.26 <.0001 


Fuel E15 0.2053 0.02795 19 7.34 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.02588 0.01236 19 2.09 0.0498 Tukey-Kramer 0.0498 


 


12 m/p-Xylenes 


 







 


C11 


Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 3.84 0.0649 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 0.7400 0.09193 19 8.05 <.0001 


Fuel E15 0.6660 0.09185 19 7.25 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.07402 0.03778 19 1.96 0.0649 Tukey-Kramer 0.0649 


 


13 o-Xylene 


 
Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 4.36 0.0504 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 0.2543 0.03186 19 7.98 <.0001 


Fuel E15 0.2291 0.03184 19 7.19 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 0.02521 0.01207 19 2.09 0.0504 Tukey-Kramer 0.0504 


 


14 Ethanol 


 
Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 8.56 0.0087 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -0.7293 0.2028 19 -3.60 0.0019 


Fuel E15 -0.1815 0.2012 19 -0.90 0.3783 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 -0.5478 0.1872 19 -2.93 0.0087 Tukey-Kramer 0.0087 


 


15 Formaldehyde 


 
Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 







 


C12 


Fuel 1 19 0.62 0.4393 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -1.5663 0.1762 19 -8.89 <.0001 


Fuel E15 -1.4883 0.1762 19 -8.44 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 -0.07799 0.09872 19 -0.79 0.4393 Tukey-Kramer 0.4393 


 


16 Acetaldehyde 


 
Type 3 Tests of Fixed Effects 


Effect Num DF Den DF F Value Pr > F 


Fuel 1 19 131.48 <.0001 


 


Least Squares Means 


Effect Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| 


Fuel E10 -1.2593 0.1084 19 -11.62 <.0001 


Fuel E15 -0.9852 0.1084 19 -9.09 <.0001 


 


Differences of Least Squares Means 


Effect Fuel Fuel Estimate 
Standard 


Error 
DF t Value Pr > |t| Adjustment Adj P 


Fuel E10 E15 -0.2741 0.02390 19 -11.47 <.0001 Tukey-Kramer <.0001 
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Appendix D 
Detailed Hydrocarbon Analysis Summary 


 
Detailed Hydrocarbon Analysis Summary Report - Report Date: 11/2/2020 8:41:20 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\102F0201.D\102F0201.CDF Acquired: 10/30/20 23:25:35 


Sample: ODDB:54925 Analyzed: 11/2/2020 8:40:44 PM 


Processed 630 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Location: GC 12 D6730 
Normalized to 100.000% 
 


  


 
  SUMMARY REPORT  


 Group Type Total(Mass%) Total(Vol%) Total(Mol%) 


 Paraffins: 7.892 8.847  8.108 


 I-Paraffins: 39.668 43.130  35.978 


 Olefins: 4.191 4.507  4.542 


 Naphthenes: 12.216 11.784  10.854 


 Aromatics: 23.326 19.661  18.791 


 Total C14+: 0.325 0.313  0.144 


Total Unknowns: 1.756 1.846  1.289 


      


Oxygenates:      


Total:  10.625(Mass%) 9.912(Vol%)   


Total Oxygen Content: 3.690(Mass%)    


Multisubstituted Aromatics: 14.821(Mass%) 12.526(Vol%)  


Average Molecular Weight: 87.989     


Relative Density: 0.736      


Vapor Pressure :      


Calculated Octane Number: 85.9     


Motor Octane Number (Jenkins Calculation): 78.1    


 IBP T10 T50 T90 FBP 


BP by Mass (Deg F) 31.10 173.30 210.63 334.04 449.60 


BP by Vol (Deg F) 31.10 173.30 210.63 334.04 423.50 


Percent Carbon: 83.879  Percent Hydrogen: 12.431   


Bromine Number (Calc): 7.861 
Particulate Matter Index: 1.145 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 8:42:17 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\102F0201.D\102F0201.CDF Acquired: 10/30/20 23:25:35 


Sample: ODDB:54925 Analyzed: 11/2/2020 8:40:44 PM 


Processed 630 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


 
 
 


 


Oxygenates     


Compound Mass% Mass% Oxygen Vol% 


ethanol : X2 10.625 3.690 9.912 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 8:42:17 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\102F0201.D\102F0201.CDF Acquired: 10/30/20 23:25:35 


Sample: ODDB:54925 Analyzed: 11/2/2020 8:40:44 PM 


Processed 630 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


  
 
Totals by Group Type & Carbon Number (in Mass Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.002 0.000  0.000 0.000 0.000 0.000 0.002 


C4 0.511 0.106  0.048 0.000 0.000 0.000 0.666 


C5 2.499 7.035  1.802 0.341 0.000 0.001 11.678 


C6 1.895 7.933  1.199 3.285 0.724 0.045 15.082 


C7 1.389 8.657  0.758 3.943 4.742 0.007 19.496 


C8 0.835 9.936  0.073 2.873 7.622 0.209 21.548 


C9 0.391 3.401  0.203 1.390 5.871 0.191 11.447 


C10 0.207 1.784  0.073 0.315 3.587 0.304 6.269 


C11 0.108 0.542  0.021 0.065 0.392 0.361 1.489 


C12 0.046 0.265  0.006 0.005 0.388 0.326 1.037 


C13 0.010 0.008  0.007 0.000 0.000 0.311 0.336 


Total: 7.892 39.668  4.191 12.216 23.326 1.756 87.294 


 Oxygenates 10.625  Total C14+: 0.325   


 Total Unknowns: 1.756  Grand Total: 100.000   
 


 


Totals by Group Type & Carbon Number (in Volume Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.003 0.000  0.000 0.000 0.000 0.000 0.003 


C4 0.650 0.141  0.058 0.000 0.000 0.000 0.849 


C5 2.938 8.357  2.012 0.337 0.000 0.001 13.645 


C6 2.115 8.879  1.255 3.199 0.607 0.048 16.103 


C7 1.495 9.302  0.787 3.841 4.026 0.007 19.458 


C8 0.874 10.378  0.074 2.744 6.467 0.220 20.757 


C9 0.401 3.481  0.215 1.310 4.961 0.200 10.568 


C10 0.209 1.787  0.073 0.289 2.971 0.320 5.647 


C11 0.107 0.537  0.021 0.059 0.309 0.380 1.413 


C12 0.045 0.259  0.006 0.004 0.321 0.343 0.979 


C13 0.009 0.008  0.007 0.000 0.000 0.327 0.352 


Total: 8.847 43.130  4.507 11.784 19.661 1.846 87.928 


 Oxygenates 9.912  Total C14+: 0.313   


 Total Unknowns: 1.846  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 8:42:17 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\102F0201.D\102F0201.CDF Acquired: 10/30/20 23:25:35 


Sample: ODDB:54925 Analyzed: 11/2/2020 8:40:44 PM 


Processed 630 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


  
 
Totals by Group Type & Carbon Number (in Mol Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.001 0.000  0.000 0.000 0.000 0.000 0.001 


C3 0.003 0.000  0.000 0.000 0.000 0.000 0.004 


C4 0.773 0.161  0.076 0.000 0.000 0.001 1.011 


C5 3.048 8.579  2.265 0.428 0.000 0.001 14.321 


C6 1.935 8.100  1.259 3.434 0.816 0.121 15.666 


C7 1.219 7.602  0.678 3.534 4.528 0.008 17.569 


C8 0.643 7.653  0.057 2.253 6.317 0.166 17.089 


C9 0.268 2.333  0.142 0.969 4.298 0.170 8.180 


C10 0.128 1.103  0.046 0.197 2.386 0.219 4.079 


C11 0.061 0.305  0.012 0.037 0.235 0.242 0.893 


C12 0.024 0.137  0.003 0.002 0.210 0.192 0.569 


C13 0.005 0.004  0.004 0.000 0.000 0.169 0.181 


Total: 8.108 35.978  4.542 10.854 18.791 1.289 78.274 


 Oxygenates 20.293  Total C14+: 0.144   


 Total Unknowns: 1.289  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis - Dienes (Di-Olefins) Detail Report - Report Date: 11/2/2020 8:42:18 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\102F0201.D\102F0201.CDF   Acquired: 10/30/20 23:25:35 


Sample: ODDB:54925     Analyzed: 11/2/2020 8:40:44 PM 


Processed 630 Peaks        


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha    


Comments:      Normalized to 100.000%   


Hold         
      


   Diene Components Listed in Chromatographic Order Page: 5 


Minutes Index Group Component Mass % Volume % Mol %   
         


13.031 481.390 O5 1,4-pentadiene 0.001 0.001 0.001   


14.848 506.110 O5 2-methylbutadiene-1,3 0.007 0.008 0.010   


16.186 527.940 O5 1t,3-pentadiene 0.008 0.008 0.010   


16.885 538.200 O5 cyclopentadiene 0.005 0.006 0.007   


20.390 581.020 O6 1,5-hexadiene 0.000 0.000 0.000   


21.989 597.090 O6 1c/t,4-hexadiene 0.000 0.000 0.000   


25.273 632.930 O7 cyclic diolefin or triolefin-[1] 0.002 0.003 0.003   


25.835 638.570 O7 cyclic diolefin or triolefin-[2] 0.007 0.007 0.007   


28.352 661.940 O6 diolefin (hexadiene) 0.003 0.003 0.003   


30.166 677.180 O7 1,6-heptadiene 0.000 0.000 0.000   


36.537 720.920 N8 1,1,3-trimethylcyclopentane 0.179 0.176 0.141   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 8:42:18 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\102F0201.D\102F0201.CDF   Acquired: 10/30/20 23:25:35 


Sample: ODDB:54925     Analyzed: 11/2/2020 8:40:44 PM 


Processed 630 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 6 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


6.434 100.000 P1 methane 0.000 0.000 0.000 -258.700 -161.500  


6.620 200.000 P2 ethane 0.000 0.000 0.001 -127.480 -88.600  


7.114 293.470 O3 propylene 0.000 0.000 0.000 -53.896 -47.720  


7.176 300.000 P3 propane 0.002 0.003 0.003 -43.672 -42.040  


8.191 366.090 I4 i-butane 0.106 0.141 0.161 10.904 -11.720  


8.342 372.490 -- unknown 0.000 0.000 0.001 32.000 0.000  


8.848 390.710 O4 butene-1 0.002 0.003 0.004 20.750 -6.250  


8.879 391.700 O4 isobutylene 0.003 0.004 0.005 20.750 -6.250  


9.154 400.000 P4 n-butane 0.511 0.650 0.773 31.100 -0.500  


9.544 412.290 O4 t-butene-2 0.018 0.022 0.029 33.584 0.880  


9.642 415.120 I5 2,2-dimethylpropane 0.003 0.004 0.004 49.100 9.500  


9.873 421.510 -- unknown 0.001 0.001 0.001 32.000 0.000  


10.130 428.120 O4 c-butene-2 0.025 0.029 0.038 38.696 3.720  


11.668 460.090 X2 ethanol 10.625 9.912 20.293 173.300 78.500  


11.710 460.820 O5 3-methylbutene-1 0.058 0.068 0.073 68.090 20.050  


12.774 477.730 I5 i-pentane 7.032 8.353 8.575 82.112 27.840  


13.031 481.390 O5 1,4-pentadiene 0.001 0.001 0.001 78.728 25.960  


13.746 490.870 O5 pentene-1 0.124 0.142 0.155 85.928 29.960  


14.222 496.680 O5 2-methylbutene-1 0.287 0.324 0.360 88.070 31.150  


14.507 500.000 P5 n-pentane 2.499 2.938 3.048 96.908 36.060  


14.848 506.110 O5 2-methylbutadiene-1,3 0.007 0.008 0.010 93.308 34.060  


15.095 510.400 O5 t-pentene-2 0.374 0.424 0.469 97.412 36.340  


15.466 516.590 O5 3,3-dimethylbutene-1 0.005 0.006 0.006 106.232 41.240  


15.636 519.350 O5 c-pentene-2 0.207 0.233 0.260 98.474 36.930  


15.794 521.870 -- unknown 0.000 0.000 0.001 32.000 0.000  


15.974 524.690 O5 2-methylbutene-2 0.624 0.694 0.783 101.408 38.560  


16.186 527.940 O5 1t,3-pentadiene 0.008 0.008 0.010 107.636 42.020  


16.306 529.750 -- unknown 0.001 0.001 0.001 32.000 0.000  


16.885 538.200 O5 cyclopentadiene 0.005 0.006 0.007 32.000 0.000  


17.014 540.010 I6 2,2-dimethylbutane 0.447 0.507 0.457 121.514 49.730  


18.312 557.140 O5 cyclopentene 0.102 0.097 0.131 111.614 44.230  







 


D7 


Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 8:42:18 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\102F0201.D\102F0201.CDF   Acquired: 10/30/20 23:25:35 


Sample: ODDB:54925     Analyzed: 11/2/2020 8:40:44 PM 


Processed 630 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 7 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


18.678 561.640 O6 4-methylpentene-1 0.024 0.026 0.025 128.948 53.860  


18.747 562.470 O6 3-methylpentene-1 0.035 0.039 0.037 129.506 54.170  


18.837 563.550 -- unknown 0.002 0.002 0.002 32.000 0.000  


19.105 566.710 N5 cyclopentane 0.341 0.337 0.428 120.650 49.250  


19.291 568.870 I6 2,3-dimethylbutane 1.360 1.513 1.389 136.364 57.980  


19.447 570.660 -- unknown 0.043 0.045 0.118 32.000 0.000  


19.562 571.960 O6 2,3-dimethylbutene-1 0.014 0.015 0.015 132.098 55.610  


19.706 573.570 I6 2-methylpentane 3.777 4.257 3.856 140.468 60.260  


19.836 575.010 O6 4-methyl-t-pentene-2 0.069 0.075 0.072 137.480 58.600  


20.390 581.020 O6 1,5-hexadiene 0.000 0.000 0.000 139.010 59.450  


20.811 585.420 I6 3-methylpentane 2.349 2.602 2.398 145.886 63.270  


21.261 589.980 O6 2-methylpentene-1 0.114 0.123 0.120 143.780 62.100  


21.351 590.880 O6 hexene-1 0.049 0.053 0.051 146.246 63.470  


21.989 597.090 O6 1c/t,4-hexadiene 0.000 0.000 0.000 149.000 65.000  


22.297 600.000 P6 n-hexane 1.895 2.115 1.935 155.714 68.730  


22.521 602.680 O6 t-hexene-3 0.074 0.080 0.078 152.744 67.080  


22.587 603.460 O6 c-hexene-3 0.025 0.026 0.026 151.592 66.440  


22.739 605.260 O6 t-hexene-2 0.146 0.158 0.153 154.184 67.880  


22.943 607.630 O6 2-methylpentene-2 0.186 0.198 0.194 153.140 67.300  


23.022 608.550 O6 4-methylcyclopentene 0.050 0.048 0.054 148.820 64.900  


23.184 610.410 O6 3-methyl-c-pentene-2 0.113 0.119 0.118 153.842 67.690  


23.307 611.810 O6 3-methylcyclopentene 0.027 0.026 0.029 149.000 65.000  


23.416 613.040 O6 O6-[1] 0.000 0.000 0.000 32.000 0.000  


23.547 614.520 O6 c-hexene-2 0.079 0.084 0.083 155.984 68.880  


23.784 617.160 O6 O6-[2] 0.001 0.001 0.001 32.000 0.000  


24.112 620.750 O7 3,3-dimethylpentene-1 0.174 0.183 0.156 171.446 77.470  


24.268 622.430 -- unknown 0.001 0.001 0.003 32.000 0.000  


24.408 623.920 I7 2,2-dimethylpentane 0.105 0.114 0.092 174.542 79.190  


24.625 626.230 N6 methylcyclopentane 2.455 2.414 2.567 161.240 71.800  


25.037 630.510 I7 2,4-dimethylpentane 1.539 1.683 1.351 176.882 80.490  


25.273 632.930 O7 cyclic diolefin or triolefin-[1] 0.002 0.003 0.003 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 8:42:18 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\102F0201.D\102F0201.CDF   Acquired: 10/30/20 23:25:35 


Sample: ODDB:54925     Analyzed: 11/2/2020 8:40:44 PM 


Processed 630 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 8 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


25.456 634.780 I7 2,2,3-trimethylbutane 0.049 0.052 0.043 177.584 80.880  


25.622 636.450 -- unknown 0.002 0.002 0.002 32.000 0.000  


25.835 638.570 O7 cyclic diolefin or triolefin-[2] 0.007 0.007 0.007 32.000 0.000  


26.173 641.870 O7 O7-[1] 0.002 0.002 0.002 32.000 0.000  


26.285 642.950 O7 3,4-dimethylpentene-1 0.006 0.006 0.005 177.422 80.790  


26.656 646.500 O7 4,4-dimethyl-c-pentene-2 0.008 0.009 0.007 176.756 80.420  


26.802 647.880 O7 2,4-dimethylpentene-1 0.008 0.009 0.007 178.880 81.600  


26.903 648.840 O6 1-methylcyclopentene 0.188 0.178 0.202 167.864 75.480  


27.104 650.700 A6 benzene 0.724 0.607 0.816 176.162 80.090  


27.286 652.380 O7 2-methyl-c-hexene-3 0.004 0.005 0.004 186.800 86.000  


27.501 654.350 I7 3,3-dimethylpentane 0.098 0.104 0.086 186.908 86.060  


27.602 655.270 O7 5-methylhexene-1 0.010 0.011 0.009 185.558 85.310  


27.794 657.000 -- unknown 0.004 0.004 0.003 32.000 0.000  


27.928 658.200 N6 cyclohexane 0.830 0.785 0.868 177.296 80.720  


28.223 660.810 O7 2-methyl-t-hexene-3 0.017 0.018 0.015 186.620 85.900  


28.352 661.940 O6 diolefin (hexadiene) 0.003 0.003 0.003 158.000 70.000  


28.444 662.750 O7 2-ethyl-3-methylbutene-1 0.006 0.007 0.006 187.448 86.360  


28.571 663.850 O7 4-methylhexene-1 0.014 0.015 0.013 188.114 86.730  


28.867 666.400 O7 4-methyl-t/c-hexene-2 0.020 0.021 0.018 187.358 86.310  


29.043 667.890 I7 2-methylhexane 2.024 2.196 1.777 194.090 90.050  


29.206 669.270 I7 2,3-dimethylpentane 2.599 2.752 2.282 193.604 89.780  


29.488 671.630 N7 1,1-dimethylcyclopentane 0.076 0.074 0.068 189.464 87.480  


29.808 674.270 O7 5-methyl-t-hexene-2 0.023 0.025 0.021 190.598 88.110  


30.024 676.040 I7 3-methylhexane 2.053 2.199 1.803 197.330 91.850  


30.166 677.180 O7 1,6-heptadiene 0.000 0.000 0.000 205.106 96.170  


30.452 679.480 O7 3,4-dimethyl-c-pentene-2 0.013 0.013 0.012 192.650 89.250  


30.759 681.910 N7 1c,3-dimethylcyclopentane 0.699 0.691 0.626 195.386 90.770  


31.112 684.680 N7 1t,3-dimethylcyclopentane 0.621 0.611 0.557 197.096 91.720  


31.290 686.050 I7 3-ethylpentane 0.191 0.201 0.168 200.246 93.470  


31.480 687.510 N7 1t,2-dimethylcyclopentane 0.609 0.596 0.546 197.366 91.870  


31.662 688.900 I8 2,2,4-trimethylpentane 2.857 3.039 2.200 210.632 99.240   
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32.211 693.030 O7 O7-[2] 0.001 0.001 0.001 32.000 0.000  


32.450 694.800 O7 3-methyl-c-hexene-3 0.022 0.022 0.020 203.720 95.400  


32.722 696.790 -- unknown 0.000 0.000 0.000 32.000 0.000  


32.986 698.710 O7 t-heptene-3 0.079 0.083 0.071 204.206 95.670  


33.165 700.000 P7 n-heptane 1.389 1.495 1.219 209.156 98.420  


33.461 701.940 O7 2-methyl-2-hexene 0.082 0.085 0.074 203.738 95.410  


33.616 702.940 O7 3-methyl-t-hexene-3 0.032 0.034 0.029 200.372 93.540  


33.861 704.520 O7 t-heptene-2 0.031 0.032 0.028 208.310 97.950  


34.090 705.980 O7 3-ethylpentene-2 0.021 0.021 0.019 204.818 96.010  


34.220 706.810 -- unknown 0.000 0.000 0.000 32.000 0.000  


34.580 709.080 O7 c-heptene-2 0.078 0.081 0.070 209.138 98.410  


34.766 710.240 O7 3-methyl-t-hexene-2 0.001 0.001 0.001 203.324 95.180  


35.096 712.280 O7 2,3-dimethylpentene-2 0.033 0.034 0.030 207.320 97.400  


35.324 713.680 O7 3-ethylcyclopentene 0.004 0.004 0.004 207.986 97.770  


35.435 714.350 -- unknown 0.000 0.000 0.000 32.000 0.000  


35.719 716.070 O7 O7-[3] 0.006 0.007 0.006 32.000 0.000  


35.986 717.670 N7 1c,2-dimethylcyclopentane 0.278 0.279 0.249 211.154 99.530  


36.113 718.420 N7 methylcyclohexane 1.310 1.253 1.174 213.674 100.930  


36.427 720.280 I8 2,2-dimethylhexane 0.041 0.043 0.031 224.312 106.840  


36.537 720.920 N8 1,1,3-trimethylcyclopentane 0.179 0.176 0.141 220.802 104.890  


36.876 722.890 O7 O7-[4] 0.004 0.005 0.004 32.000 0.000  


36.955 723.350 -- unknown 0.002 0.002 0.002 32.000 0.000  


37.147 724.460 O7 O7-[5] 0.005 0.005 0.004 32.000 0.000  


37.259 725.100 -- unknown 0.001 0.001 0.001 32.000 0.000  


37.508 726.510 O7 O7-[6] 0.006 0.006 0.006 32.000 0.000  


38.003 729.300 N7 ethylcyclopentane 0.350 0.336 0.313 218.246 103.470  


38.130 730.000 I8 2,5-dimethylhexane 0.578 0.614 0.445 228.398 109.110  


38.318 731.050 I8 2,2,3-trimethylpentane 0.115 0.118 0.088 229.730 109.850  


38.468 731.870 I8 2,4-dimethylhexane 0.672 0.706 0.517 228.974 109.430  


38.603 732.610 -- unknown 0.010 0.011 0.008 32.000 0.000  


38.822 733.810 -- unknown 0.002 0.002 0.001 32.000 0.000   
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38.921 734.340 O7 O7-[7] 0.002 0.002 0.002 32.000 0.000  


39.162 735.650 O7 O7-[8] 0.002 0.002 0.001 32.000 0.000  


39.476 737.330 N8 1c,2t,4-trimethylcyclopentane 0.294 0.283 0.230 242.132 116.740  


39.691 738.470 I8 3,3-dimethylhexane 0.058 0.060 0.045 233.546 111.970  


40.176 741.020 O7 O7-[9] 0.003 0.003 0.003 32.000 0.000  


40.484 742.620 O7 O7-[10] 0.002 0.002 0.002 32.000 0.000  


40.644 743.450 O7 O7-[11] 0.005 0.005 0.005 32.000 0.000  


40.841 744.460 N8 1t,2c,3-trimethylcyclopentane 0.213 0.204 0.167 230.738 110.410  


41.380 747.200 I8 2,3,4-trimethylpentane 1.257 1.287 0.968 236.246 113.470  


41.597 748.290 I8 I8-[1] 0.080 0.082 0.061 236.246 113.470  


41.893 749.770 O7 O7-[12] 0.021 0.021 0.016 32.000 0.000  


42.202 751.300 I8 2,3,3-trimethylpentane 1.191 1.207 0.917 238.586 114.770  


42.635 753.420 A7 toluene 4.742 4.026 4.528 231.134 110.630  


42.744 753.940 O8 O8-[1] 0.005 0.005 0.004 32.000 0.000  


43.084 755.590 O8 O8-[2] 0.007 0.007 0.006 32.000 0.000  


43.616 758.130 I8 2,3-dimethylhexane 0.560 0.579 0.431 240.098 115.610  


43.795 758.970 I8 2-methyl-3-ethylpentane 0.069 0.071 0.053 240.098 115.610  


44.089 760.360 N8 1,1,2-trimethylcyclopentane 0.011 0.010 0.008 236.714 113.730  


44.534 762.420 O8 O8-[3] 0.029 0.029 0.023 32.000 0.000  


44.941 764.300 I8 2-methylheptane 0.936 0.987 0.721 243.770 117.650  


45.253 765.720 I8 4-methylheptane 0.357 0.373 0.275 243.878 117.710  


45.509 766.880 I8 3-methyl-3-ethylpentane 0.077 0.080 0.060 240.098 115.610  


45.625 767.400 I8 3,4-dimethylhexane 0.085 0.087 0.066 243.914 117.730  


46.248 770.180 N8 1c,3-dimethylcyclohexane 0.114 0.110 0.089 246.848 119.360  


46.658 771.980 I8 3-methylheptane 0.895 0.934 0.690 246.074 118.930  


46.922 773.140 -- unknown 0.181 0.190 0.139 32.000 0.000  


47.014 773.530 N8 1c,2t,3-trimethylcyclopentane 0.428 0.409 0.336 243.500 117.500  


47.176 774.230 I8 3-ethylhexane 0.109 0.112 0.084 245.372 118.540  


47.448 775.410 N8 1t,4-dimethylcyclohexane 0.197 0.190 0.154 246.848 119.360  


47.889 777.290 -- unknown 0.002 0.002 0.006 32.000 0.000  


48.281 778.950 -- unknown 0.001 0.001 0.002 32.000 0.000   
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48.425 779.560 O8 O8-[4] 0.001 0.001 0.001 32.000 0.000  


48.773 781.010 N8 1,1-dimethylcyclohexane 0.035 0.033 0.027 247.190 119.550  


49.236 782.930 I9 2,2,5-trimethylhexane 0.635 0.661 0.436 255.362 124.090  


49.667 784.690 N8 3c-ethylmethylcyclopentane 0.215 0.206 0.169 249.980 121.100  


49.877 785.550 O9 2,6-dimethylheptene-1 0.003 0.003 0.002 32.000 0.000  


50.210 786.890 N8 3t-ethylmethylcyclopentane 0.183 0.175 0.143 249.980 121.100  


50.542 788.220 N8 2t-ethylmethylcyclopentane 0.166 0.159 0.130 250.160 121.200  


50.999 790.040 O8 O8-[5] 0.007 0.007 0.005 32.000 0.000  


51.128 790.550 N8 1,1-methylethylcyclopentane 0.022 0.021 0.017 250.754 121.530  


51.816 793.240 N8 1t,2-dimethylcyclohexane 0.192 0.183 0.151 254.174 123.430  


52.015 794.010 O8 t-octene-4 0.009 0.009 0.007 252.068 122.260  


52.422 795.580 O9 3,5,5-trimethylhexene-1 0.001 0.001 0.001 32.000 0.000  


52.794 797.000 -- unknown 0.010 0.011 0.007 32.000 0.000  


52.886 797.350 N8 1c,2c,3-trimethylcyclopentane 0.022 0.021 0.017 253.400 123.000  


53.589 800.000 P8 n-octane 0.835 0.874 0.643 258.224 125.680  


53.867 801.040 N8 1c,4-dimethylcyclohexane 0.270 0.254 0.212 255.794 124.330  


54.737 804.260 O8 t-octene-2 0.008 0.009 0.007 32.000 0.000  


54.960 805.080 -- unknown 0.005 0.005 0.014 32.000 0.000  


55.334 806.450 I9 I9-[1] 0.039 0.040 0.027 32.000 0.000  


55.435 806.810 -- unknown 0.017 0.018 0.012 32.000 0.000  


55.831 808.240 N8 i-propylcyclopentane 0.085 0.081 0.067 259.574 126.430  


56.489 810.590 -- unknown 0.004 0.004 0.010 32.000 0.000  


57.017 812.460 -- unknown 0.009 0.010 0.025 32.000 0.000  


57.125 812.840 O8 c-octene-2 0.004 0.004 0.003 32.000 0.000  


57.331 813.560 -- unknown 0.001 0.001 0.001 32.000 0.000  


57.696 814.830 N8 N8-[1] 0.014 0.014 0.011 32.000 0.000  


58.064 816.100 O8 O8-[6] 0.002 0.002 0.002 32.000 0.000  


58.446 817.400 I9 2,2,3,4-tetramethylpentane 0.127 0.127 0.087 271.454 133.030  


59.086 819.580 I9 2,3,4-trimethylhexane 0.072 0.071 0.049 282.308 139.060  


59.385 820.580 N8 N8-[2] 0.003 0.003 0.002 32.000 0.000  


59.645 821.450 O9 O9-[1] 0.031 0.032 0.022 32.000 0.000   
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60.051 822.800 N8 N8-[3] 0.001 0.001 0.001 32.000 0.000  


60.499 824.280 O9 O9-[2] 0.006 0.006 0.004 32.000 0.000  


61.041 826.050 N8 1c,2-dimethylcyclohexane 0.190 0.176 0.149 265.532 129.740  


61.235 826.680 -- unknown 0.023 0.024 0.018 32.000 0.000  


61.631 827.960 I9 2,3,5-trimethylhexane 0.007 0.007 0.005 268.430 131.350  


61.943 828.960 I9 2,2-dimethylheptane 0.013 0.014 0.009 270.860 132.700  


62.836 831.790 N9 1,1,4-trimethylcyclohexane 0.341 0.325 0.237 275.000 135.000  


63.400 833.560 I9 2,2,3-trimethylhexane 0.161 0.166 0.110 271.220 132.900  


63.985 835.380 I9 2,4-dimethylheptane 0.034 0.035 0.024 271.220 132.900  


64.726 837.650 I9 4,4-dimethylheptane 0.196 0.202 0.135 271.220 132.900  


65.027 838.560 N8 ethylcyclohexane 0.001 0.001 0.001 269.222 131.790  


65.627 840.370 N8 n-propylcyclopentane 0.033 0.031 0.026 267.728 130.960  


65.832 840.990 I9 2,5-dimethylheptane 0.266 0.273 0.182 276.800 136.000  


66.295 842.370 I9 3,3-&3,5-dimethylheptane 0.062 0.063 0.042 278.636 137.020  


66.702 843.570 I9 3,5-dimethylheptane 0.042 0.043 0.029 276.800 136.000  


67.179 844.970 I9 2,6-dimethylheptane 0.073 0.075 0.050 275.396 135.220  


67.806 846.800 N9 1,1,3-trimethylcyclohexane 0.049 0.046 0.034 295.862 146.590  


68.300 848.220 O9 2,4-dimethylheptene-1 0.002 0.002 0.001 32.000 0.000  


68.846 849.780 N8 N8-[4] 0.001 0.001 0.001 32.000 0.000  


69.092 850.480 N8 N8-[5] 0.003 0.003 0.003 32.000 0.000  


69.408 851.370 N9 1c,2t,4t-trimethylcyclohexane 0.020 0.019 0.014 32.000 0.000  


70.264 853.770 A8 ethylbenzene 1.243 1.055 1.030 277.160 136.200  


70.637 854.800 N9 1c,3c,5c-trimethylcyclohexane 0.129 0.122 0.090 32.000 0.000  


71.461 857.070 O9 2-methyloctene-1 0.020 0.022 0.014 32.000 0.000  


71.896 858.250 I9 I9-[2] 0.004 0.004 0.003 32.000 0.000  


72.360 859.510 O9 2-methyloctene-2 0.030 0.033 0.021 32.000 0.000  


74.123 864.200 A8 1,3-dimethylbenzene 3.352 2.855 2.778 282.416 139.120  


74.448 865.050 A8 1,4-dimethylbenzene 1.355 1.158 1.123 281.048 138.360  


75.059 866.640 I9 3,4-dimethylheptane 0.034 0.034 0.023 285.080 140.600  


75.384 867.470 I9 3,4 -dimethylheptane 0.064 0.064 0.044 285.080 140.600  


75.918 868.840 N9 N9-[1] 0.030 0.028 0.021 32.000 0.000   
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76.367 869.990 I9 I9-[3] 0.079 0.079 0.054 32.000 0.000  


77.262 872.250 I9 4-ethylheptane 0.003 0.003 0.002 288.392 142.440  


77.569 873.020 I9 4-methyloctane 0.276 0.282 0.189 288.392 142.440  


77.965 874.000 I9 2-methyloctane 0.339 0.349 0.232 289.904 143.280  


78.568 875.490 N9 N9-[2] 0.038 0.036 0.026 32.000 0.000  


79.424 877.590 N9 1c,2t,3c-trimethylcyclohexane 0.041 0.040 0.028 304.160 151.200  


79.736 878.350 I9 3-ethylheptane 0.079 0.080 0.054 289.400 143.000  


80.250 879.590 I9 3-methyloctane 0.436 0.445 0.299 291.614 144.230  


80.568 880.350 I9 3,3-diethylpentane 0.021 0.021 0.015 270.842 132.690  


81.010 881.410 -- unknown 0.067 0.070 0.046 32.000 0.000  


81.299 882.090 N9 1c,2t,4c-trimethylcyclohexane 0.018 0.017 0.013 275.000 135.000  


81.666 882.960 N9 1,1,2-trimethylcyclohexane 0.031 0.028 0.021 293.360 145.200  


82.032 883.820 A8 1,2-dimethylbenzene 1.672 1.398 1.386 291.974 144.430  


82.558 885.060 I9 I9-[4] 0.028 0.029 0.019 32.000 0.000  


82.921 885.900 I9 I9-[5] 0.106 0.107 0.073 32.000 0.000  


83.657 887.600 N9 N9-[3] 0.090 0.085 0.063 32.000 0.000  


83.922 888.210 N9 N9-[4] 0.113 0.107 0.079 32.000 0.000  


84.051 888.510 -- unknown 0.040 0.042 0.028 32.000 0.000  


84.424 889.360 O9 nonene-1 0.006 0.005 0.004 274.100 134.500  


84.609 889.780 I9 I9-[6] 0.062 0.062 0.042 32.000 0.000  


85.014 890.700 N9 N9-[5] 0.160 0.151 0.111 32.000 0.000  


85.555 891.910 I9 I9-[7] 0.017 0.017 0.011 32.000 0.000  


86.009 892.930 N9 i-butylcyclopentane 0.033 0.031 0.023 298.346 147.970  


86.219 893.400 N9 N9-[6] 0.022 0.021 0.016 32.000 0.000  


87.066 895.280 -- unknown 0.001 0.001 0.001 32.000 0.000  


87.435 896.090 N9 N9-[7] 0.015 0.014 0.011 32.000 0.000  


87.738 896.750 N9 N9-[8] 0.009 0.008 0.006 32.000 0.000  


88.031 897.390 O9 t-nonene-2 0.007 0.008 0.005 32.000 0.000  


88.250 897.870 O9 t-nonene-3 0.021 0.022 0.015 32.000 0.000  


88.667 898.770 I9 I9-[8] 0.128 0.129 0.088 32.000 0.000  


88.823 899.110 -- unknown 0.024 0.026 0.017 32.000 0.000   
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89.237 900.000 P9 n-nonane 0.391 0.401 0.268 303.476 150.820  


89.598 901.750 N9 1,1-methylethylcyclohexane 0.094 0.086 0.065 305.924 152.180  


90.170 904.510 N9 N9-[9] 0.010 0.009 0.007 32.000 0.000  


90.421 905.710 N9 N9-[10] 0.027 0.025 0.019 32.000 0.000  


90.690 907.000 O10 t-2,2,5,5-tetramethylhexene-3 0.004 0.005 0.003 32.000 0.000  


90.801 907.530 -- unknown 0.003 0.003 0.002 32.000 0.000  


91.585 911.260 N9 N9-[11] 0.006 0.006 0.004 32.000 0.000  


92.009 913.250 A9 i-propylbenzene 0.066 0.056 0.048 306.338 152.410  


92.371 914.950 O9 c-nonene-3 0.075 0.081 0.052 32.000 0.000  


92.516 915.630 -- unknown 0.020 0.021 0.014 32.000 0.000  


92.931 917.570 I10 I10-[1] 0.012 0.013 0.008 32.000 0.000  


93.033 918.040 N9 i-propylcyclohexane 0.022 0.021 0.016 310.622 154.790  


93.178 918.710 -- unknown 0.006 0.007 0.004 32.000 0.000  


93.771 921.460 I10 I10-[2] 0.114 0.114 0.070 32.000 0.000  


94.167 923.280 I10 2,2-dimethyloctane 0.037 0.037 0.023 314.420 156.900  


94.443 924.540 I10 2,4-dimethyloctane 0.055 0.055 0.034 312.620 155.900  


94.875 926.520 N9 N9-[12] 0.007 0.007 0.005 32.000 0.000  


95.307 928.480 N9 N9-[13] 0.023 0.022 0.016 32.000 0.000  


95.916 931.230 I10 2,6-dimethyloctane 0.092 0.093 0.057 320.738 160.410  


96.274 932.830 I10 2,5-dimethyloctane 0.083 0.084 0.051 317.300 158.500  


96.528 933.970 -- unknown 0.003 0.003 0.002 32.000 0.000  


97.127 936.640 N9 n-butylcyclopentane 0.062 0.058 0.043 313.916 156.620  


97.342 937.590 I10 I10-[3] 0.033 0.034 0.021 32.000 0.000  


97.491 938.250 N10 N10-[1] 0.038 0.035 0.024 32.000 0.000  


97.755 939.420 -- unknown 0.006 0.006 0.004 32.000 0.000  


98.004 940.520 I10 I10-[4] 0.022 0.022 0.014 32.000 0.000  


98.460 942.510 I10 3,3-dimethyloctane 0.147 0.146 0.091 322.160 161.200  


98.772 943.880 N10 N10-[2] 0.025 0.023 0.016 32.000 0.000  


98.985 944.800 -- unknown 0.020 0.021 0.012 32.000 0.000  


99.156 945.550 -- unknown 0.026 0.027 0.016 32.000 0.000  


99.548 947.250 A9 n-propylbenzene 0.371 0.317 0.272 318.632 159.240   
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99.844 948.520 I10 3,6-dimethyloctane 0.028 0.028 0.017 321.440 160.800  


100.102 949.630 I10 3-methyl-5-ethylheptane 0.049 0.049 0.030 316.760 158.200  


100.251 950.270 -- unknown 0.006 0.007 0.004 32.000 0.000  


100.566 951.630 N10 N10-[3] 0.029 0.027 0.018 32.000 0.000  


101.194 954.300 -- unknown 0.026 0.028 0.017 32.000 0.000  


101.502 955.610 A9 1,3-methylethylbenzene 1.312 1.117 0.961 322.394 161.330  


101.888 957.240 A9 1,4-methylethylbenzene 0.563 0.481 0.412 323.618 162.010  


102.197 958.540 N10 N10-[4] 0.032 0.029 0.020 32.000 0.000  


102.370 959.270 -- unknown 0.003 0.003 0.002 32.000 0.000  


102.742 960.830 -- unknown 0.002 0.002 0.001 32.000 0.000  


102.946 961.680 -- unknown 0.011 0.012 0.031 32.000 0.000  


103.232 962.870 A9 1,3,5-trimethylbenzene 0.700 0.595 0.512 328.532 164.740  


103.497 963.970 I10 I10-[5] 0.044 0.044 0.027 32.000 0.000  


103.764 965.080 N10 N10-[5] 0.019 0.017 0.012 32.000 0.000  


103.956 965.870 -- unknown 0.006 0.007 0.004 32.000 0.000  


104.193 966.850 I10 I10-[6] 0.003 0.003 0.002 32.000 0.000  


104.509 968.150 I10 5-methylnonane 0.054 0.055 0.034 329.180 165.100  


104.915 969.810 I10 4-methylnonane 0.447 0.445 0.277 32.000 0.000  


105.258 971.210 A9 1,2-methylethylbenzene 0.417 0.349 0.305 329.324 165.180  


105.444 971.970 I10 2-methylnonane 0.128 0.130 0.079 332.654 167.030  


105.574 972.500 -- unknown 0.013 0.014 0.008 32.000 0.000  


105.865 973.680 -- unknown 0.012 0.013 0.007 32.000 0.000  


106.099 974.620 I10 3-ethyloctane 0.028 0.028 0.017 331.700 166.500  


106.180 974.950 -- unknown 0.015 0.015 0.009 32.000 0.000  


106.469 976.110 N10 N10-[6] 0.025 0.023 0.015 32.000 0.000  


106.803 977.450 I10 3-methylnonane 0.157 0.157 0.097 334.040 167.800  


107.004 978.260 -- unknown 0.007 0.008 0.004 32.000 0.000  


107.359 979.680 N10 N10-[7] 0.003 0.003 0.002 32.000 0.000  


107.542 980.410 I10 I10-[7] 0.100 0.100 0.062 32.000 0.000  


107.816 981.500 I10 I10-[8] 0.008 0.008 0.005 32.000 0.000  


108.103 982.640 -- unknown 0.011 0.012 0.007 32.000 0.000   
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108.564 984.460 A9 1,2,4-trimethylbenzene 2.041 1.715 1.494 336.884 169.380  


108.795 985.370 -- unknown 0.008 0.009 0.006 32.000 0.000  


108.961 986.020 I10 I10-[9] 0.009 0.009 0.006 32.000 0.000  


109.078 986.480 N10 i-butylcyclohexane 0.038 0.035 0.024 340.340 171.300  


109.271 987.240 -- unknown 0.030 0.032 0.019 32.000 0.000  


109.386 987.690 I10 I10-[10] 0.046 0.046 0.028 32.000 0.000  


109.668 988.790 I10 I10-[11] 0.020 0.019 0.012 32.000 0.000  


109.809 989.340 I10 I10-[12] 0.013 0.013 0.008 32.000 0.000  


110.162 990.710 N10 N10-[8] 0.024 0.022 0.015 32.000 0.000  


110.376 991.540 -- unknown 0.002 0.003 0.002 32.000 0.000  


110.766 993.050 O10 decene-1 0.002 0.002 0.002 339.080 170.600  


110.926 993.660 N10 1t-methyl-2-n-propylcyclohexane 0.012 0.011 0.007 339.800 171.000  


111.051 994.150 O10 2,3-dimethyloctene-2 0.066 0.066 0.041 32.000 0.000  


111.168 994.600 I10 I10-[13] 0.016 0.016 0.010 32.000 0.000  


111.461 995.720 A10 i-butylbenzene 0.004 0.003 0.002 343.022 172.790  


111.606 996.280 -- unknown 0.058 0.061 0.038 32.000 0.000  


111.842 997.180 I10 I10-[14] 0.040 0.040 0.025 32.000 0.000  


112.119 998.240 A10 sec-butylbenzene 0.038 0.032 0.025 344.012 173.340  


112.368 999.180 -- unknown 0.009 0.009 0.006 32.000 0.000  


112.582 1000.000 P10 n-decane 0.207 0.209 0.128 345.470 174.150  


112.824 1001.520 I11 I11-[1] 0.029 0.029 0.016 32.000 0.000  


113.182 1003.780 N10 N10-[9] 0.018 0.017 0.011 32.000 0.000  


113.581 1006.290 -- unknown 0.005 0.006 0.003 32.000 0.000  


113.825 1007.820 A9 1,2,3-trimethylbenzene 0.400 0.329 0.293 349.016 176.120  


113.987 1008.830 -- unknown 0.009 0.009 0.006 32.000 0.000  


114.271 1010.610 A10 1,3-methyl-i-propylbenzene 0.044 0.038 0.029 347.144 175.080  


114.716 1013.370 -- unknown 0.010 0.011 0.028 32.000 0.000  


114.832 1014.090 A10 1,4-methyl-i-propylbenzene 0.026 0.022 0.017 350.834 177.130  


114.995 1015.100 -- unknown 0.003 0.003 0.002 32.000 0.000  


115.299 1016.980 I11 I11-[2] 0.028 0.028 0.016 32.000 0.000  


115.570 1018.650 I11 I11-[3] 0.013 0.013 0.007 32.000 0.000   
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115.863 1020.460 A10 2-3-dihydroindene 0.278 0.212 0.207 352.130 177.850  


116.229 1022.700 -- unknown 0.020 0.021 0.015 32.000 0.000  


116.475 1024.210 N10 sec-butylcyclohexane 0.043 0.039 0.027 354.812 179.340  


116.710 1025.640 I11 I11-[4] 0.009 0.009 0.005 32.000 0.000  


117.056 1027.740 A10 1,2-methyl-i-propylbenzene 0.075 0.063 0.049 352.724 178.180  


117.232 1028.820 I11 3-ethylnonane 0.006 0.006 0.003 32.000 0.000  


117.334 1029.430 -- unknown 0.003 0.004 0.002 32.000 0.000  


117.628 1031.210 -- unknown 0.068 0.072 0.038 32.000 0.000  


117.851 1032.560 N11 N11-[1] 0.047 0.044 0.027 32.000 0.000  


118.092 1034.010 I11 I11-[5] 0.017 0.017 0.010 32.000 0.000  


118.243 1034.920 -- unknown 0.003 0.003 0.002 32.000 0.000  


118.602 1037.070 I11 I11-[6] 0.032 0.029 0.018 32.000 0.000  


118.768 1038.070 -- unknown 0.034 0.036 0.020 32.000 0.000  


119.211 1040.710 A10 1,3-diethylbenzene 0.141 0.121 0.093 358.052 181.140  


119.411 1041.900 -- unknown 0.065 0.069 0.043 32.000 0.000  


119.659 1043.380 A10 1,3-methyl-n-propylbenzene 0.288 0.246 0.189 359.618 182.010  


119.834 1044.410 I11 I11-[7] 0.024 0.024 0.014 32.000 0.000  


120.116 1046.080 A10 1,4-diethylbenzene 0.012 0.010 0.008 362.822 183.790  


120.297 1047.150 A10 1,4-methyl-n-propylbenzene 0.179 0.154 0.118 362.156 183.420  


120.470 1048.170 A10 n-butylbenzene 0.086 0.074 0.057 361.940 183.300  


120.880 1050.590 A10 1,3-dimethyl-5-ethylbenzene 0.302 0.252 0.198 362.516 183.620  


121.202 1052.470 A10 1,2-diethylbenzene 0.032 0.027 0.021 362.228 183.460  


121.345 1053.310 I11 I11-[8] 0.018 0.018 0.010 32.000 0.000  


121.574 1054.650 N10 t-decahydronaphthalene 0.009 0.009 0.005 368.960 187.200  


121.824 1056.110 N11 N11-[2] 0.017 0.016 0.010 32.000 0.000  


122.104 1057.740 -- unknown 0.014 0.014 0.008 32.000 0.000  


122.245 1058.560 A10 1,2-methyl-n-propylbenzene 0.099 0.083 0.065 364.946 184.970  


122.636 1060.820 I11 I11-[9] 0.012 0.012 0.007 32.000 0.000  


122.755 1061.510 I11 I11-[10] 0.072 0.071 0.040 32.000 0.000  


122.961 1062.700 I11 I11-[11] 0.049 0.048 0.027 32.000 0.000  


123.311 1064.710 -- unknown 0.004 0.004 0.002 32.000 0.000   
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123.473 1065.640 I11 I11-[12] 0.048 0.048 0.027 32.000 0.000  


123.730 1067.120 -- unknown 0.009 0.010 0.005 32.000 0.000  


124.018 1068.770 A10 1,4,dimethyl-2-ethylbenzene 0.219 0.184 0.143 368.366 186.870  


124.291 1070.330 A10 1,3-dimethyl-4-ethylbenzene 0.274 0.235 0.180 370.832 188.240  


124.562 1071.870 I11 I11-[13] 0.003 0.003 0.002 32.000 0.000  


124.863 1073.580 -- unknown 0.008 0.009 0.005 32.000 0.000  


125.122 1075.050 I11 I11-[14] 0.151 0.150 0.085 32.000 0.000  


125.289 1075.990 A10 1,2-dimethyl-4-ethylbenzene 0.301 0.253 0.197 373.136 189.520  


125.602 1077.760 -- unknown 0.009 0.010 0.006 32.000 0.000  


125.890 1079.380 -- unknown 0.014 0.014 0.009 32.000 0.000  


125.978 1079.880 I11 I11-[15] 0.005 0.004 0.003 32.000 0.000  


126.264 1081.480 A10 1,3-dimethyl-2-ethylbenzene 0.051 0.042 0.033 374.090 190.050  


126.418 1082.350 I11 I11-[16] 0.018 0.018 0.010 32.000 0.000  


126.747 1084.190 -- unknown 0.018 0.019 0.010 32.000 0.000  


126.946 1085.300 I11 I11-[17] 0.009 0.009 0.005 32.000 0.000  


127.175 1086.580 -- unknown 0.016 0.017 0.009 32.000 0.000  


127.509 1088.430 -- unknown 0.009 0.009 0.005 32.000 0.000  


127.584 1088.850 -- unknown 0.012 0.013 0.007 32.000 0.000  


127.858 1090.360 O11 undecene-1 0.021 0.021 0.012 378.860 192.700  


128.193 1092.220 A11 1,4-methyl-t-butylbenzene 0.038 0.033 0.022 32.000 0.000  


128.469 1093.740 A10 1,2-dimethyl-3-ethylbenzene 0.084 0.069 0.055 381.110 193.950  


128.811 1095.620 -- unknown 0.007 0.007 0.005 32.000 0.000  


129.084 1097.120 -- unknown 0.014 0.015 0.009 32.000 0.000  


129.165 1097.560 A11 1,2-ethyl-i-propylbenzene 0.009 0.008 0.005 32.000 0.000  


129.334 1098.490 -- unknown 0.007 0.007 0.004 32.000 0.000  


129.610 1100.000 P11 n-undecane 0.108 0.107 0.061 384.620 195.900  


129.737 1100.950 -- unknown 0.010 0.011 0.006 32.000 0.000  


129.915 1102.280 A11 1,4-ethyl-i-propylbenzene 0.003 0.002 0.002 32.000 0.000  


130.344 1105.480 A10 1,2,4,5-tetramethylbenzene 0.176 0.146 0.115 386.312 196.840  


130.732 1108.380 -- unknown 0.008 0.009 0.005 32.000 0.000  


130.886 1109.520 A10 1,2,3,5-tetramethylbenzene 0.233 0.193 0.153 388.472 198.040   
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131.041 1110.670 -- unknown 0.006 0.006 0.004 32.000 0.000  


131.377 1113.160 -- unknown 0.012 0.013 0.008 32.000 0.000  


131.571 1114.590 -- unknown 0.008 0.008 0.005 32.000 0.000  


131.875 1116.830 -- unknown 0.022 0.023 0.015 32.000 0.000  


132.320 1120.110 -- unknown 0.015 0.016 0.010 32.000 0.000  


132.477 1121.260 -- unknown 0.016 0.017 0.010 32.000 0.000  


132.962 1124.810 A11 1,2-methyl-t-butylbenzene 0.007 0.005 0.004 32.000 0.000  


133.117 1125.940 -- unknown 0.013 0.013 0.008 32.000 0.000  


133.429 1128.220 A10 5-methylindan 0.207 0.171 0.138 32.000 0.000  


133.774 1130.720 I12 I12-[1] 0.050 0.049 0.026 421.340 216.300  


134.179 1133.660 -- unknown 0.008 0.008 0.004 32.000 0.000  


134.295 1134.500 A10 4-methylindan 0.051 0.042 0.034 32.000 0.000  


134.562 1136.430 -- unknown 0.011 0.012 0.008 32.000 0.000  


134.675 1137.240 A11 1,2-ethyl-n-propylbenzene 0.060 0.049 0.035 32.000 0.000  


134.928 1139.060 A10 2-methylindan 0.198 0.161 0.132 368.600 187.000  


135.139 1140.570 A11 1,3-methyl-n-butylbenzene 0.010 0.008 0.006 390.200 199.000  


135.389 1142.370 -- unknown 0.006 0.006 0.003 32.000 0.000  


135.543 1143.470 A12 1,3-di-i-propylbenzene 0.067 0.055 0.036 397.760 203.200  


135.756 1145.000 A11 s-pentylbenzene 0.061 0.051 0.036 401.000 205.000  


135.929 1146.230 -- unknown 0.002 0.002 0.001 32.000 0.000  


136.341 1149.170 -- unknown 0.019 0.020 0.011 32.000 0.000  


136.439 1149.860 A11 n-pentylbenzene 0.051 0.042 0.030 401.720 205.400  


136.519 1150.430 -- unknown 0.023 0.024 0.014 32.000 0.000  


136.798 1152.420 N12 1t-M-2-(4-MP)cyclopentane 0.005 0.004 0.002 32.000 0.000  


136.995 1153.810 A12 1,2-di-i-propylbenzene 0.029 0.024 0.016 399.200 204.000  


137.142 1154.850 -- unknown 0.028 0.029 0.015 32.000 0.000  


137.627 1158.270 -- unknown 0.041 0.043 0.022 32.000 0.000  


137.871 1159.990 A12 1,4-di-i-propylbenzene 0.051 0.042 0.027 410.540 210.300  


138.176 1162.130 -- unknown 0.007 0.007 0.004 32.000 0.000  


138.348 1163.340 A10 tetrahydronaphthalene 0.018 0.014 0.012 405.716 207.620  


138.495 1164.360 -- unknown 0.008 0.008 0.005 32.000 0.000   
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138.741 1166.080 -- unknown 0.004 0.005 0.003 32.000 0.000  


138.883 1167.080 I12 I12-[2] 0.055 0.054 0.028 421.340 216.300  


139.183 1169.170 A10 naphthalene 0.170 0.122 0.117 424.382 217.990  


139.507 1171.420 A12 1-t-butyl-3,5-dimethylbenzene 0.004 0.003 0.002 32.000 0.000  


139.849 1173.790 A12 1,4-ethyl-t-butylbenzene 0.077 0.064 0.042 32.000 0.000  


140.252 1176.580 -- unknown 0.028 0.029 0.015 32.000 0.000  


140.543 1178.590 I12 I12-[3] 0.057 0.056 0.030 421.340 216.300  


140.773 1180.180 I12 I12-[4] 0.033 0.032 0.017 421.340 216.300  


141.116 1182.530 -- unknown 0.007 0.007 0.004 32.000 0.000  


141.353 1184.160 I12 I12-[5] 0.034 0.034 0.018 421.340 216.300  


141.603 1185.870 -- unknown 0.012 0.013 0.006 32.000 0.000  


141.897 1187.870 I12 I12-[6] 0.035 0.034 0.018 421.340 216.300  


142.095 1189.230 A12 1,3-di-n-propylbenzene 0.041 0.034 0.022 32.000 0.000  


142.337 1190.870 A12 A12-[1] 0.025 0.021 0.014 32.000 0.000  


142.554 1192.340 O12 dodecene-1 0.006 0.006 0.003 416.120 213.400  


142.914 1194.780 -- unknown 0.007 0.008 0.004 32.000 0.000  


143.254 1197.080 -- unknown 0.005 0.005 0.003 32.000 0.000  


143.556 1199.130 A12 A12-[2] 0.021 0.017 0.011 32.000 0.000  


143.685 1200.000 P12 n-dodecane 0.046 0.045 0.024 421.340 216.300  


143.948 1202.210 -- unknown 0.003 0.004 0.002 32.000 0.000  


144.225 1204.540 -- unknown 0.013 0.014 0.007 32.000 0.000  


144.318 1205.320 -- unknown 0.004 0.005 0.002 32.000 0.000  


144.762 1209.040 -- unknown 0.012 0.013 0.006 32.000 0.000  


144.988 1210.930 -- unknown 0.006 0.006 0.003 32.000 0.000  


145.187 1212.590 A12 1,3,5-triethylbenzene 0.003 0.003 0.002 420.800 216.000  


145.373 1214.140 -- unknown 0.008 0.008 0.004 32.000 0.000  


145.717 1217.000 -- unknown 0.022 0.024 0.012 32.000 0.000  


145.891 1218.450 -- unknown 0.013 0.014 0.007 32.000 0.000  


146.207 1221.070 -- unknown 0.003 0.003 0.002 32.000 0.000  


146.498 1223.470 -- unknown 0.018 0.019 0.010 32.000 0.000  


146.737 1225.450 -- unknown 0.017 0.018 0.009 32.000 0.000   
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146.811 1226.060 -- unknown 0.008 0.008 0.004 32.000 0.000  


147.121 1228.610 -- unknown 0.005 0.005 0.003 32.000 0.000  


147.205 1229.300 -- unknown 0.013 0.013 0.007 32.000 0.000  


147.509 1231.800 A12 1,2,4-triethylbenzene 0.013 0.011 0.007 423.500 217.500  


147.729 1233.610 -- unknown 0.005 0.005 0.003 32.000 0.000  


148.092 1236.580 -- unknown 0.004 0.004 0.002 32.000 0.000  


148.233 1237.730 -- unknown 0.012 0.013 0.007 32.000 0.000  


148.465 1239.620 -- unknown 0.002 0.002 0.001 32.000 0.000  


148.803 1242.370 A12 1,4-methyl-n-pentylbenzene 0.036 0.030 0.020 32.000 0.000  


149.086 1244.670 -- unknown 0.010 0.010 0.005 32.000 0.000  


149.242 1245.940 -- unknown 0.004 0.004 0.002 32.000 0.000  


149.380 1247.050 -- unknown 0.003 0.003 0.002 32.000 0.000  


149.668 1249.380 -- unknown 0.004 0.005 0.002 32.000 0.000  


149.952 1251.680 -- unknown 0.006 0.007 0.003 32.000 0.000  


150.149 1253.260 -- unknown 0.008 0.009 0.004 32.000 0.000  


150.536 1256.380 A12 n-hexylbenzene 0.020 0.016 0.011 32.000 0.000  


150.626 1257.100 -- unknown 0.021 0.022 0.011 32.000 0.000  


150.997 1260.070 -- unknown 0.011 0.012 0.006 32.000 0.000  


151.256 1262.140 -- unknown 0.005 0.005 0.003 32.000 0.000  


151.501 1264.100 -- unknown 0.005 0.005 0.003 32.000 0.000  


151.660 1265.370 -- unknown 0.003 0.004 0.002 32.000 0.000  


151.869 1267.030 -- unknown 0.006 0.007 0.003 32.000 0.000  


151.921 1267.450 -- unknown 0.009 0.010 0.005 32.000 0.000  


152.209 1269.740 -- unknown 0.011 0.011 0.006 32.000 0.000  


152.638 1273.140 I13 I13-[1] 0.008 0.008 0.004 455.720 235.400  


152.827 1274.630 A11 1,2,3,4,5-pentamethylbenzene 0.024 0.017 0.014 449.600 232.000  


153.058 1276.460 -- unknown 0.009 0.010 0.006 32.000 0.000  


153.571 1280.500 -- unknown 0.006 0.006 0.004 32.000 0.000  


153.925 1283.280 A11 2-methylnaphthalene 0.093 0.067 0.057 465.890 241.050  


154.414 1287.110 -- unknown 0.010 0.010 0.006 32.000 0.000  


154.564 1288.290 -- unknown 0.002 0.002 0.001 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 8:42:18 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\102F0201.D\102F0201.CDF   Acquired: 10/30/20 23:25:35 


Sample: ODDB:54925     Analyzed: 11/2/2020 8:40:44 PM 


Processed 630 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 22 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


154.703 1289.370 -- unknown 0.003 0.003 0.002 32.000 0.000  


154.907 1290.960 O13 tridecene-1 0.007 0.007 0.004 451.040 232.800  


155.340 1294.340 -- unknown 0.002 0.002 0.001 32.000 0.000  


155.495 1295.540 -- unknown 0.003 0.003 0.001 32.000 0.000  


155.565 1296.080 -- unknown 0.002 0.002 0.001 32.000 0.000  


155.878 1298.510 A11 1-methylnaphthalene 0.037 0.027 0.023 472.352 244.640  


156.070 1300.000 P13 n-tridecane 0.010 0.009 0.005 455.720 235.400  


156.190 1301.080 + C14+ (Summarized) 0.325 0.313 0.144 455.720 235.400   
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Detailed Hydrocarbon Analysis Summary Report - Report Date: 11/2/2020 9:02:09 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926 Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Location: GC 12 D6730 
Normalized to 100.000% 
 


  


 
  SUMMARY REPORT  


 Group Type Total(Mass%) Total(Vol%) Total(Mol%) 


 Paraffins: 7.877 8.829  8.094 


 I-Paraffins: 39.610 43.071  35.943 


 Olefins: 4.171 4.486  4.526 


 Naphthenes: 12.182 11.755  10.839 


 Aromatics: 23.377 19.708  18.847 


 Total C14+: 0.400 0.386  0.178 


Total Unknowns: 1.761 1.852  1.259 


      


Oxygenates:      


Total:  10.624(Mass%) 9.913(Vol%)   


Total Oxygen Content: 3.689(Mass%)    


Multisubstituted Aromatics: 14.865(Mass%) 12.567(Vol%)  


Average Molecular Weight: 88.091     


Relative Density: 0.736      


Vapor Pressure :      


Calculated Octane Number: 85.9     


Motor Octane Number (Jenkins Calculation): 78.1    


 IBP T10 T50 T90 FBP 


BP by Mass (Deg F) 31.10 173.30 210.63 336.88 465.89 


BP by Vol (Deg F) 31.10 173.30 210.63 336.88 465.89 


Percent Carbon: 83.881  Percent Hydrogen: 12.429   


Bromine Number (Calc): 7.831 
Particulate Matter Index: 1.158 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:02:16 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926 Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


 
 
 


 


Oxygenates     


Compound Mass% Mass% Oxygen Vol% 


ethanol : X2 10.624 3.689 9.913 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:02:16 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926 Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


  
 
Totals by Group Type & Carbon Number (in Mass Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.002 0.000  0.000 0.000 0.000 0.000 0.002 


C4 0.505 0.105  0.048 0.000 0.000 0.000 0.659 


C5 2.488 6.997  1.788 0.340 0.000 0.001 11.614 


C6 1.891 7.911  1.197 3.278 0.723 0.046 15.046 


C7 1.387 8.635  0.764 3.933 4.743 0.008 19.469 


C8 0.834 9.929  0.070 2.872 7.625 0.205 21.536 


C9 0.392 3.399  0.198 1.394 5.889 0.185 11.457 


C10 0.207 1.815  0.073 0.316 3.607 0.279 6.296 


C11 0.111 0.544  0.022 0.043 0.400 0.387 1.506 


C12 0.048 0.267  0.005 0.005 0.391 0.327 1.043 


C13 0.010 0.009  0.007 0.000 0.000 0.323 0.349 


Total: 7.877 39.610  4.171 12.182 23.377 1.761 87.216 


 Oxygenates 10.624  Total C14+: 0.400   


 Total Unknowns: 1.761  Grand Total: 100.000   
 


 


Totals by Group Type & Carbon Number (in Volume Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.002 0.000  0.000 0.000 0.000 0.000 0.003 


C4 0.643 0.139  0.058 0.000 0.000 0.000 0.840 


C5 2.926 8.315  1.996 0.336 0.000 0.001 13.573 


C6 2.112 8.857  1.253 3.193 0.606 0.048 16.068 


C7 1.493 9.280  0.794 3.833 4.028 0.008 19.436 


C8 0.875 10.374  0.071 2.743 6.471 0.216 20.750 


C9 0.402 3.480  0.209 1.315 4.977 0.195 10.578 


C10 0.209 1.818  0.072 0.290 2.987 0.293 5.671 


C11 0.110 0.538  0.021 0.040 0.316 0.407 1.432 


C12 0.047 0.261  0.004 0.004 0.324 0.344 0.985 


C13 0.010 0.008  0.007 0.000 0.000 0.340 0.365 


Total: 8.829 43.071  4.486 11.755 19.708 1.852 87.849 


 Oxygenates 9.913  Total C14+: 0.386   


 Total Unknowns: 1.852  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:02:16 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926 Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


  
 
Totals by Group Type & Carbon Number (in Mol Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.001 0.000  0.000 0.000 0.000 0.000 0.001 


C3 0.003 0.000  0.000 0.000 0.000 0.000 0.004 


C4 0.766 0.159  0.075 0.000 0.000 0.001 1.001 


C5 3.038 8.543  2.250 0.427 0.000 0.001 14.260 


C6 1.933 8.086  1.259 3.431 0.816 0.121 15.647 


C7 1.219 7.591  0.685 3.528 4.534 0.009 17.566 


C8 0.643 7.657  0.055 2.254 6.326 0.164 17.100 


C9 0.269 2.334  0.138 0.973 4.316 0.140 8.171 


C10 0.128 1.124  0.046 0.198 2.402 0.201 4.099 


C11 0.063 0.307  0.012 0.025 0.240 0.254 0.901 


C12 0.025 0.138  0.002 0.002 0.212 0.193 0.573 


C13 0.005 0.004  0.003 0.000 0.000 0.176 0.188 


Total: 8.094 35.943  4.526 10.839 18.847 1.259 78.250 


 Oxygenates 20.314  Total C14+: 0.178   


 Total Unknowns: 1.259  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis - Dienes (Di-Olefins) Detail Report - Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks        


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha    


Comments:      Normalized to 100.000%   


Hold         
      


   Diene Components Listed in Chromatographic Order Page: 5 


Minutes Index Group Component Mass % Volume % Mol %   
         


13.030 481.390 O5 1,4-pentadiene 0.001 0.001 0.001   


14.847 506.110 O5 2-methylbutadiene-1,3 0.007 0.008 0.009   


16.185 527.950 O5 1t,3-pentadiene 0.008 0.008 0.010   


16.885 538.190 O5 cyclopentadiene 0.005 0.006 0.007   


20.390 581.030 O6 1,5-hexadiene 0.000 0.000 0.000   


21.989 597.090 O6 1c/t,4-hexadiene 0.000 0.000 0.000   


25.273 632.940 O7 cyclic diolefin or triolefin-[1] 0.003 0.003 0.003   


25.835 638.580 O7 cyclic diolefin or triolefin-[2] 0.007 0.007 0.007   


28.353 661.960 O6 diolefin (hexadiene) 0.003 0.003 0.003   


30.171 677.230 O7 1,6-heptadiene 0.000 0.000 0.000   


36.538 720.930 N8 1,1,3-trimethylcyclopentane 0.174 0.171 0.136   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 6 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


6.435 100.000 P1 methane 0.000 0.000 0.000 -258.700 -161.500  


6.620 200.000 P2 ethane 0.000 0.000 0.001 -127.480 -88.600  


7.114 293.490 O3 propylene 0.000 0.000 0.000 -53.896 -47.720  


7.176 300.000 P3 propane 0.002 0.002 0.003 -43.672 -42.040  


8.191 366.100 I4 i-butane 0.105 0.139 0.159 10.904 -11.720  


8.341 372.460 -- unknown 0.000 0.000 0.001 32.000 0.000  


8.847 390.700 O4 butene-1 0.002 0.003 0.004 20.750 -6.250  


8.878 391.710 O4 isobutylene 0.003 0.004 0.005 20.750 -6.250  


9.154 400.000 P4 n-butane 0.505 0.643 0.766 31.100 -0.500  


9.544 412.290 O4 t-butene-2 0.018 0.022 0.029 33.584 0.880  


9.642 415.120 I5 2,2-dimethylpropane 0.003 0.004 0.004 49.100 9.500  


9.875 421.560 -- unknown 0.001 0.001 0.001 32.000 0.000  


10.130 428.120 O4 c-butene-2 0.024 0.029 0.038 38.696 3.720  


11.669 460.120 X2 ethanol 10.624 9.913 20.314 173.300 78.500  


11.715 460.920 O5 3-methylbutene-1 0.051 0.060 0.064 68.090 20.050  


12.773 477.730 I5 i-pentane 6.994 8.311 8.539 82.112 27.840  


13.030 481.390 O5 1,4-pentadiene 0.001 0.001 0.001 78.728 25.960  


13.746 490.870 O5 pentene-1 0.123 0.142 0.155 85.928 29.960  


14.221 496.680 O5 2-methylbutene-1 0.285 0.323 0.358 88.070 31.150  


14.507 500.000 P5 n-pentane 2.488 2.926 3.038 96.908 36.060  


14.847 506.110 O5 2-methylbutadiene-1,3 0.007 0.008 0.009 93.308 34.060  


15.095 510.390 O5 t-pentene-2 0.372 0.423 0.467 97.412 36.340  


15.466 516.600 O5 3,3-dimethylbutene-1 0.005 0.006 0.006 106.232 41.240  


15.635 519.350 O5 c-pentene-2 0.207 0.232 0.259 98.474 36.930  


15.794 521.880 -- unknown 0.000 0.000 0.001 32.000 0.000  


15.973 524.680 O5 2-methylbutene-2 0.622 0.691 0.781 101.408 38.560  


16.185 527.950 O5 1t,3-pentadiene 0.008 0.008 0.010 107.636 42.020  


16.305 529.750 -- unknown 0.001 0.001 0.001 32.000 0.000  


16.885 538.190 O5 cyclopentadiene 0.005 0.006 0.007 32.000 0.000  


17.014 540.010 I6 2,2-dimethylbutane 0.446 0.506 0.456 121.514 49.730  


18.312 557.140 O5 cyclopentene 0.101 0.097 0.131 111.614 44.230  
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 7 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


18.678 561.640 O6 4-methylpentene-1 0.024 0.026 0.025 128.948 53.860  


18.747 562.470 O6 3-methylpentene-1 0.035 0.039 0.037 129.506 54.170  


18.831 563.480 -- unknown 0.001 0.002 0.002 32.000 0.000  


19.104 566.710 N5 cyclopentane 0.340 0.336 0.427 120.650 49.250  


19.291 568.880 I6 2,3-dimethylbutane 1.357 1.510 1.387 136.364 57.980  


19.447 570.660 -- unknown 0.043 0.045 0.118 32.000 0.000  


19.563 571.980 O6 2,3-dimethylbutene-1 0.016 0.017 0.017 132.098 55.610  


19.706 573.580 I6 2-methylpentane 3.766 4.245 3.849 140.468 60.260  


19.835 575.020 O6 4-methyl-t-pentene-2 0.069 0.075 0.072 137.480 58.600  


20.390 581.030 O6 1,5-hexadiene 0.000 0.000 0.000 139.010 59.450  


20.811 585.430 I6 3-methylpentane 2.343 2.597 2.395 145.886 63.270  


20.962 586.980 -- unknown 0.000 0.000 0.000 32.000 0.000  


21.261 589.990 O6 2-methylpentene-1 0.113 0.122 0.119 143.780 62.100  


21.351 590.880 O6 hexene-1 0.049 0.053 0.051 146.246 63.470  


21.989 597.090 O6 1c/t,4-hexadiene 0.000 0.000 0.000 149.000 65.000  


22.297 600.000 P6 n-hexane 1.891 2.112 1.933 155.714 68.730  


22.521 602.680 O6 t-hexene-3 0.074 0.080 0.078 152.744 67.080  


22.587 603.470 O6 c-hexene-3 0.024 0.026 0.026 151.592 66.440  


22.739 605.260 O6 t-hexene-2 0.146 0.157 0.152 154.184 67.880  


22.828 606.300 -- unknown 0.000 0.001 0.001 32.000 0.000  


22.942 607.630 O6 2-methylpentene-2 0.185 0.197 0.194 153.140 67.300  


23.021 608.550 O6 4-methylcyclopentene 0.050 0.048 0.054 148.820 64.900  


23.184 610.410 O6 3-methyl-c-pentene-2 0.112 0.119 0.118 153.842 67.690  


23.307 611.820 O6 3-methylcyclopentene 0.027 0.026 0.029 149.000 65.000  


23.416 613.060 O6 O6-[1] 0.000 0.000 0.000 32.000 0.000  


23.547 614.520 O6 c-hexene-2 0.079 0.084 0.083 155.984 68.880  


23.783 617.160 O6 O6-[2] 0.001 0.001 0.001 32.000 0.000  


24.112 620.750 O7 3,3-dimethylpentene-1 0.174 0.182 0.156 171.446 77.470  


24.254 622.280 -- unknown 0.001 0.001 0.003 32.000 0.000  


24.407 623.920 I7 2,2-dimethylpentane 0.104 0.114 0.092 174.542 79.190  


24.625 626.230 N6 methylcyclopentane 2.450 2.409 2.564 161.240 71.800   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 8 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


25.036 630.520 I7 2,4-dimethylpentane 1.536 1.681 1.350 176.882 80.490  


25.273 632.940 O7 cyclic diolefin or triolefin-[1] 0.003 0.003 0.003 32.000 0.000  


25.455 634.790 I7 2,2,3-trimethylbutane 0.049 0.052 0.043 177.584 80.880  


25.622 636.460 -- unknown 0.002 0.002 0.002 32.000 0.000  


25.835 638.580 O7 cyclic diolefin or triolefin-[2] 0.007 0.007 0.007 32.000 0.000  


26.172 641.870 O7 O7-[1] 0.002 0.002 0.002 32.000 0.000  


26.284 642.950 O7 3,4-dimethylpentene-1 0.006 0.006 0.005 177.422 80.790  


26.655 646.510 O7 4,4-dimethyl-c-pentene-2 0.008 0.009 0.007 176.756 80.420  


26.801 647.880 O7 2,4-dimethylpentene-1 0.008 0.009 0.007 178.880 81.600  


26.903 648.840 O6 1-methylcyclopentene 0.188 0.177 0.201 167.864 75.480  


27.103 650.700 A6 benzene 0.723 0.606 0.816 176.162 80.090  


27.286 652.390 O7 2-methyl-c-hexene-3 0.004 0.005 0.004 186.800 86.000  


27.500 654.350 I7 3,3-dimethylpentane 0.098 0.104 0.086 186.908 86.060  


27.601 655.270 O7 5-methylhexene-1 0.010 0.011 0.009 185.558 85.310  


27.793 657.000 -- unknown 0.004 0.004 0.003 32.000 0.000  


27.928 658.200 N6 cyclohexane 0.828 0.783 0.867 177.296 80.720  


28.222 660.810 O7 2-methyl-t-hexene-3 0.017 0.018 0.015 186.620 85.900  


28.353 661.960 O6 diolefin (hexadiene) 0.003 0.003 0.003 158.000 70.000  


28.444 662.760 O7 2-ethyl-3-methylbutene-1 0.006 0.007 0.006 187.448 86.360  


28.571 663.850 O7 4-methylhexene-1 0.014 0.015 0.013 188.114 86.730  


28.887 666.570 O7 4-methyl-t/c-hexene-2 0.028 0.029 0.025 187.358 86.310  


29.042 667.890 I7 2-methylhexane 2.012 2.182 1.768 194.090 90.050  


29.205 669.270 I7 2,3-dimethylpentane 2.596 2.750 2.282 193.604 89.780  


29.488 671.630 N7 1,1-dimethylcyclopentane 0.076 0.074 0.068 189.464 87.480  


29.808 674.280 O7 5-methyl-t-hexene-2 0.024 0.025 0.021 190.598 88.110  


30.024 676.040 I7 3-methylhexane 2.049 2.196 1.802 197.330 91.850  


30.171 677.230 O7 1,6-heptadiene 0.000 0.000 0.000 205.106 96.170  


30.451 679.480 O7 3,4-dimethyl-c-pentene-2 0.013 0.013 0.011 192.650 89.250  


30.759 681.920 N7 1c,3-dimethylcyclopentane 0.698 0.690 0.626 195.386 90.770  


31.112 684.680 N7 1t,3-dimethylcyclopentane 0.620 0.610 0.557 197.096 91.720  


31.289 686.050 I7 3-ethylpentane 0.190 0.201 0.167 200.246 93.470   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 9 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


31.480 687.520 N7 1t,2-dimethylcyclopentane 0.607 0.595 0.545 197.366 91.870  


31.662 688.900 I8 2,2,4-trimethylpentane 2.855 3.038 2.202 210.632 99.240  


32.214 693.050 O7 O7-[2] 0.001 0.001 0.001 32.000 0.000  


32.450 694.810 O7 3-methyl-c-hexene-3 0.022 0.022 0.020 203.720 95.400  


32.700 696.640 -- unknown 0.000 0.000 0.000 32.000 0.000  


32.986 698.710 O7 t-heptene-3 0.079 0.083 0.071 204.206 95.670  


33.164 700.000 P7 n-heptane 1.387 1.493 1.219 209.156 98.420  


33.461 701.940 O7 2-methyl-2-hexene 0.083 0.085 0.074 203.738 95.410  


33.616 702.940 O7 3-methyl-t-hexene-3 0.031 0.033 0.028 200.372 93.540  


33.861 704.520 O7 t-heptene-2 0.031 0.032 0.028 208.310 97.950  


34.089 705.980 O7 3-ethylpentene-2 0.021 0.021 0.019 204.818 96.010  


34.214 706.770 -- unknown 0.000 0.000 0.000 32.000 0.000  


34.578 709.070 O7 c-heptene-2 0.078 0.081 0.070 209.138 98.410  


34.766 710.240 O7 3-methyl-t-hexene-2 0.001 0.001 0.001 203.324 95.180  


35.096 712.280 O7 2,3-dimethylpentene-2 0.033 0.034 0.030 207.320 97.400  


35.327 713.690 O7 3-ethylcyclopentene 0.004 0.004 0.003 207.986 97.770  


35.420 714.260 -- unknown 0.001 0.001 0.000 32.000 0.000  


35.720 716.070 O7 O7-[3] 0.006 0.007 0.006 32.000 0.000  


35.991 717.700 N7 1c,2-dimethylcyclopentane 0.298 0.299 0.267 211.154 99.530  


36.114 718.430 N7 methylcyclohexane 1.289 1.233 1.156 213.674 100.930  


36.427 720.280 I8 2,2-dimethylhexane 0.046 0.049 0.036 224.312 106.840  


36.538 720.930 N8 1,1,3-trimethylcyclopentane 0.174 0.171 0.136 220.802 104.890  


36.870 722.860 O7 O7-[4] 0.005 0.005 0.004 32.000 0.000  


36.954 723.340 O7 O7-[5] 0.002 0.002 0.002 32.000 0.000  


37.145 724.450 O7 O7-[6] 0.005 0.005 0.004 32.000 0.000  


37.289 725.270 -- unknown 0.001 0.001 0.001 32.000 0.000  


37.505 726.490 O7 O7-[7] 0.006 0.006 0.005 32.000 0.000  


37.621 727.150 -- unknown 0.001 0.001 0.001 32.000 0.000  


38.005 729.310 N7 ethylcyclopentane 0.345 0.332 0.310 218.246 103.470  


38.130 730.010 I8 2,5-dimethylhexane 0.583 0.619 0.449 228.398 109.110  


38.319 731.050 I8 2,2,3-trimethylpentane 0.120 0.123 0.093 229.730 109.850   
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38.468 731.870 I8 2,4-dimethylhexane 0.664 0.698 0.512 228.974 109.430  


38.593 732.560 -- unknown 0.012 0.013 0.009 32.000 0.000  


38.811 733.750 -- unknown 0.001 0.002 0.001 32.000 0.000  


38.925 734.370 O7 O7-[8] 0.002 0.002 0.002 32.000 0.000  


39.161 735.650 O7 O7-[9] 0.002 0.002 0.001 32.000 0.000  


39.475 737.320 N8 1c,2t,4-trimethylcyclopentane 0.294 0.283 0.231 242.132 116.740  


39.691 738.480 I8 3,3-dimethylhexane 0.058 0.060 0.045 233.546 111.970  


40.178 741.030 O7 O7-[10] 0.003 0.003 0.003 32.000 0.000  


40.466 742.530 O7 O7-[11] 0.001 0.001 0.001 32.000 0.000  


40.624 743.350 O7 O7-[12] 0.005 0.005 0.004 32.000 0.000  


40.838 744.450 N8 1t,2c,3-trimethylcyclopentane 0.214 0.204 0.168 230.738 110.410  


41.378 747.190 I8 2,3,4-trimethylpentane 1.257 1.288 0.970 236.246 113.470  


41.596 748.280 I8 I8-[1] 0.077 0.079 0.060 236.246 113.470  


41.893 749.770 O7 O7-[13] 0.021 0.021 0.016 32.000 0.000  


42.200 751.290 I8 2,3,3-trimethylpentane 1.186 1.202 0.915 238.586 114.770  


42.634 753.410 A7 toluene 4.743 4.028 4.534 231.134 110.630  


42.762 754.030 O8 O8-[1] 0.004 0.004 0.003 32.000 0.000  


42.935 754.870 O8 O8-[2] 0.001 0.001 0.001 32.000 0.000  


43.086 755.590 O8 O8-[3] 0.006 0.006 0.005 32.000 0.000  


43.195 756.120 -- unknown 0.001 0.001 0.001 32.000 0.000  


43.613 758.110 I8 2,3-dimethylhexane 0.535 0.553 0.412 240.098 115.610  


43.752 758.770 I8 2-methyl-3-ethylpentane 0.092 0.095 0.071 240.098 115.610  


44.090 760.360 N8 1,1,2-trimethylcyclopentane 0.010 0.010 0.008 236.714 113.730  


44.534 762.420 O8 O8-[4] 0.028 0.028 0.022 32.000 0.000  


44.942 764.300 I8 2-methylheptane 0.935 0.986 0.721 243.770 117.650  


45.254 765.720 I8 4-methylheptane 0.356 0.372 0.275 243.878 117.710  


45.516 766.900 I8 3-methyl-3-ethylpentane 0.072 0.074 0.055 240.098 115.610  


45.622 767.380 I8 3,4-dimethylhexane 0.090 0.092 0.069 243.914 117.730  


46.243 770.150 N8 1c,3-dimethylcyclohexane 0.112 0.108 0.088 246.848 119.360  


46.656 771.970 I8 3-methylheptane 0.893 0.931 0.689 246.074 118.930  


46.927 773.150 -- unknown 0.186 0.196 0.143 32.000 0.000   
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47.010 773.510 N8 1c,2t,3-trimethylcyclopentane 0.422 0.403 0.331 243.500 117.500  


47.177 774.240 I8 3-ethylhexane 0.111 0.115 0.086 245.372 118.540  


47.452 775.420 N8 1t,4-dimethylcyclohexane 0.196 0.189 0.154 246.848 119.360  


47.893 777.300 -- unknown 0.002 0.002 0.006 32.000 0.000  


48.274 778.920 -- unknown 0.001 0.001 0.002 32.000 0.000  


48.425 779.550 O8 O8-[5] 0.001 0.001 0.001 32.000 0.000  


48.776 781.020 N8 1,1-dimethylcyclohexane 0.035 0.033 0.027 247.190 119.550  


49.238 782.930 I9 2,2,5-trimethylhexane 0.635 0.661 0.436 255.362 124.090  


49.663 784.670 N8 3c-ethylmethylcyclopentane 0.215 0.206 0.168 249.980 121.100  


49.866 785.500 O9 2,6-dimethylheptene-1 0.003 0.003 0.002 32.000 0.000  


50.209 786.880 N8 3t-ethylmethylcyclopentane 0.182 0.175 0.143 249.980 121.100  


50.542 788.220 N8 2t-ethylmethylcyclopentane 0.166 0.159 0.130 250.160 121.200  


50.986 789.980 O8 O8-[6] 0.006 0.006 0.005 32.000 0.000  


51.124 790.530 N8 1,1-methylethylcyclopentane 0.023 0.021 0.018 250.754 121.530  


51.820 793.250 N8 1t,2-dimethylcyclohexane 0.192 0.182 0.150 254.174 123.430  


52.002 793.950 O8 t-octene-4 0.010 0.010 0.008 252.068 122.260  


52.424 795.580 O9 3,5,5-trimethylhexene-1 0.001 0.001 0.001 32.000 0.000  


52.884 797.330 N8 1c,2c,3-trimethylcyclopentane 0.032 0.030 0.025 253.400 123.000  


53.591 800.000 P8 n-octane 0.834 0.875 0.643 258.224 125.680  


53.868 801.040 N8 1c,4-dimethylcyclohexane 0.270 0.254 0.212 255.794 124.330  


54.738 804.260 O8 t-octene-2 0.008 0.009 0.007 32.000 0.000  


54.959 805.070 -- unknown 0.005 0.005 0.014 32.000 0.000  


55.333 806.440 I9 I9-[1] 0.038 0.039 0.026 32.000 0.000  


55.432 806.790 -- unknown 0.017 0.018 0.012 32.000 0.000  


55.827 808.220 N8 i-propylcyclopentane 0.085 0.081 0.067 259.574 126.430  


56.490 810.590 -- unknown 0.004 0.004 0.003 32.000 0.000  


56.764 811.560 O9 O9-[1] 0.001 0.001 0.001 32.000 0.000  


57.027 812.480 -- unknown 0.009 0.009 0.006 32.000 0.000  


57.151 812.920 O8 c-octene-2 0.004 0.004 0.003 32.000 0.000  


57.393 813.770 -- unknown 0.001 0.001 0.001 32.000 0.000  


57.698 814.830 N8 N8-[1] 0.014 0.013 0.011 32.000 0.000   
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58.063 816.090 O8 O8-[1] 0.002 0.002 0.002 32.000 0.000  


58.448 817.400 I9 2,2,3,4-tetramethylpentane 0.127 0.126 0.087 271.454 133.030  


59.089 819.580 I9 2,3,4-trimethylhexane 0.072 0.071 0.049 282.308 139.060  


59.385 820.580 N8 N8-[2] 0.003 0.003 0.002 32.000 0.000  


59.645 821.450 O9 O9-[1] 0.031 0.032 0.022 32.000 0.000  


60.061 822.830 N8 N8-[3] 0.001 0.001 0.001 32.000 0.000  


60.499 824.270 O9 O9-[2] 0.006 0.006 0.004 32.000 0.000  


61.041 826.050 N8 1c,2-dimethylcyclohexane 0.191 0.177 0.150 265.532 129.740  


61.242 826.700 -- unknown 0.022 0.023 0.018 32.000 0.000  


61.629 827.950 I9 2,3,5-trimethylhexane 0.007 0.007 0.005 268.430 131.350  


61.946 828.960 I9 2,2-dimethylheptane 0.013 0.014 0.009 270.860 132.700  


62.835 831.790 N9 1,1,4-trimethylcyclohexane 0.341 0.325 0.238 275.000 135.000  


63.401 833.560 I9 2,2,3-trimethylhexane 0.161 0.166 0.111 271.220 132.900  


63.982 835.360 I9 2,4-dimethylheptane 0.034 0.035 0.024 271.220 132.900  


64.717 837.620 I9 4,4-dimethylheptane 0.196 0.202 0.135 271.220 132.900  


65.032 838.570 N8 ethylcyclohexane 0.001 0.001 0.001 269.222 131.790  


65.641 840.410 N8 n-propylcyclopentane 0.036 0.034 0.028 267.728 130.960  


65.842 841.010 I9 2,5-dimethylheptane 0.263 0.270 0.180 276.800 136.000  


66.297 842.370 I9 3,3-&3,5-dimethylheptane 0.062 0.063 0.042 278.636 137.020  


66.704 843.570 I9 3,5-dimethylheptane 0.042 0.043 0.029 276.800 136.000  


67.179 844.970 I9 2,6-dimethylheptane 0.073 0.075 0.050 275.396 135.220  


67.805 846.790 N9 1,1,3-trimethylcyclohexane 0.049 0.046 0.034 295.862 146.590  


68.302 848.220 O9 2,4-dimethylheptene-1 0.002 0.002 0.001 32.000 0.000  


68.843 849.770 N8 N8-[4] 0.001 0.001 0.001 32.000 0.000  


69.083 850.450 N8 N8-[5] 0.003 0.003 0.003 32.000 0.000  


69.408 851.370 N9 1c,2t,4t-trimethylcyclohexane 0.020 0.019 0.014 32.000 0.000  


70.265 853.770 A8 ethylbenzene 1.244 1.056 1.032 277.160 136.200  


70.640 854.810 N9 1c,3c,5c-trimethylcyclohexane 0.130 0.123 0.091 32.000 0.000  


71.467 857.080 O9 2-methyloctene-1 0.020 0.022 0.014 32.000 0.000  


71.907 858.280 I9 I9-[2] 0.003 0.003 0.002 32.000 0.000  


72.357 859.500 O9 2-methyloctene-2 0.029 0.031 0.020 32.000 0.000   
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72.761 860.580 N9 N9-[1] 0.000 0.000 0.000 32.000 0.000  


74.118 864.180 A8 1,3-dimethylbenzene 3.353 2.857 2.782 282.416 139.120  


74.449 865.050 A8 1,4-dimethylbenzene 1.354 1.158 1.123 281.048 138.360  


75.059 866.630 I9 3,4-dimethylheptane 0.031 0.031 0.021 285.080 140.600  


75.385 867.470 I9 3,4 -dimethylheptane 0.063 0.063 0.043 285.080 140.600  


75.920 868.850 N9 N9-[2] 0.027 0.026 0.019 32.000 0.000  


76.362 869.970 I9 I9-[3] 0.077 0.078 0.053 32.000 0.000  


77.226 872.150 I9 4-ethylheptane 0.002 0.002 0.001 288.392 142.440  


77.572 873.020 I9 4-methyloctane 0.276 0.282 0.190 288.392 142.440  


77.966 874.000 I9 2-methyloctane 0.339 0.350 0.233 289.904 143.280  


78.572 875.500 N9 N9-[3] 0.038 0.036 0.026 32.000 0.000  


79.424 877.590 N9 1c,2t,3c-trimethylcyclohexane 0.041 0.040 0.029 304.160 151.200  


79.737 878.350 I9 3-ethylheptane 0.079 0.080 0.054 289.400 143.000  


80.250 879.590 I9 3-methyloctane 0.436 0.446 0.300 291.614 144.230  


80.572 880.360 I9 3,3-diethylpentane 0.022 0.021 0.015 270.842 132.690  


81.011 881.410 -- unknown 0.067 0.070 0.046 32.000 0.000  


81.299 882.090 N9 1c,2t,4c-trimethylcyclohexane 0.018 0.017 0.013 275.000 135.000  


81.666 882.960 N9 1,1,2-trimethylcyclohexane 0.031 0.028 0.021 293.360 145.200  


82.028 883.810 A8 1,2-dimethylbenzene 1.675 1.401 1.389 291.974 144.430  


82.560 885.060 I9 I9-[4] 0.028 0.029 0.019 32.000 0.000  


82.923 885.900 I9 I9-[5] 0.106 0.107 0.073 32.000 0.000  


83.657 887.600 N9 N9-[4] 0.090 0.085 0.063 32.000 0.000  


83.921 888.210 N9 N9-[5] 0.118 0.111 0.082 32.000 0.000  


84.067 888.540 -- unknown 0.035 0.037 0.025 32.000 0.000  


84.610 889.780 I9 I9-[6] 0.068 0.068 0.047 32.000 0.000  


85.014 890.690 N9 N9-[6] 0.160 0.151 0.111 32.000 0.000  


85.556 891.920 I9 I9-[7] 0.017 0.017 0.012 32.000 0.000  


86.009 892.930 N9 i-butylcyclopentane 0.033 0.031 0.023 298.346 147.970  


86.218 893.400 N9 N9-[7] 0.022 0.021 0.016 32.000 0.000  


87.072 895.290 -- unknown 0.001 0.001 0.001 32.000 0.000  


87.451 896.120 N9 N9-[8] 0.015 0.014 0.011 32.000 0.000   
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87.738 896.750 N9 N9-[9] 0.009 0.008 0.006 32.000 0.000  


88.032 897.390 O9 t-nonene-2 0.007 0.008 0.005 32.000 0.000  


88.251 897.870 O9 t-nonene-3 0.021 0.022 0.015 32.000 0.000  


88.667 898.770 I9 I9-[8] 0.128 0.129 0.088 32.000 0.000  


88.826 899.110 -- unknown 0.024 0.025 0.016 32.000 0.000  


89.237 900.000 P9 n-nonane 0.392 0.402 0.269 303.476 150.820  


89.598 901.740 N9 1,1-methylethylcyclohexane 0.094 0.086 0.066 305.924 152.180  


90.171 904.510 N9 N9-[10] 0.010 0.009 0.007 32.000 0.000  


90.421 905.710 N9 N9-[11] 0.027 0.025 0.019 32.000 0.000  


90.703 907.060 O10 t-2,2,5,5-tetramethylhexene-3 0.005 0.005 0.003 32.000 0.000  


90.812 907.580 -- unknown 0.002 0.002 0.001 32.000 0.000  


91.178 909.320 -- unknown 0.000 0.000 0.000 32.000 0.000  


91.585 911.250 N9 N9-[12] 0.006 0.006 0.004 32.000 0.000  


92.008 913.250 A9 i-propylbenzene 0.066 0.056 0.048 306.338 152.410  


92.372 914.960 O9 c-nonene-3 0.075 0.081 0.052 32.000 0.000  


92.519 915.650 -- unknown 0.019 0.020 0.013 32.000 0.000  


92.931 917.570 I10 I10-[1] 0.012 0.012 0.008 32.000 0.000  


93.036 918.050 N9 i-propylcyclohexane 0.023 0.021 0.016 310.622 154.790  


93.192 918.780 -- unknown 0.006 0.006 0.004 32.000 0.000  


93.771 921.460 I10 I10-[2] 0.114 0.115 0.070 32.000 0.000  


94.167 923.280 I10 2,2-dimethyloctane 0.037 0.037 0.023 314.420 156.900  


94.442 924.540 I10 2,4-dimethyloctane 0.055 0.056 0.034 312.620 155.900  


94.875 926.510 N9 N9-[13] 0.007 0.007 0.005 32.000 0.000  


95.309 928.480 N9 N9-[14] 0.024 0.022 0.016 32.000 0.000  


95.917 931.230 I10 2,6-dimethyloctane 0.092 0.093 0.057 320.738 160.410  


96.276 932.840 I10 2,5-dimethyloctane 0.083 0.084 0.052 317.300 158.500  


96.532 933.990 -- unknown 0.003 0.003 0.002 32.000 0.000  


97.131 936.660 N9 n-butylcyclopentane 0.062 0.058 0.043 313.916 156.620  


97.342 937.590 I10 I10-[3] 0.033 0.034 0.021 32.000 0.000  


97.492 938.260 N10 N10-[1] 0.038 0.035 0.024 32.000 0.000  


97.756 939.420 -- unknown 0.006 0.006 0.004 32.000 0.000   
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98.004 940.510 I10 I10-[4] 0.022 0.023 0.014 32.000 0.000  


98.461 942.520 I10 3,3-dimethyloctane 0.147 0.146 0.091 322.160 161.200  


98.773 943.880 N10 N10-[2] 0.025 0.023 0.016 32.000 0.000  


98.985 944.800 -- unknown 0.020 0.021 0.012 32.000 0.000  


99.156 945.550 -- unknown 0.026 0.027 0.016 32.000 0.000  


99.549 947.250 A9 n-propylbenzene 0.372 0.318 0.273 318.632 159.240  


99.845 948.530 I10 3,6-dimethyloctane 0.028 0.028 0.017 321.440 160.800  


100.101 949.630 I10 3-methyl-5-ethylheptane 0.048 0.049 0.030 316.760 158.200  


100.244 950.240 -- unknown 0.007 0.007 0.004 32.000 0.000  


100.566 951.630 N10 N10-[3] 0.029 0.027 0.018 32.000 0.000  


101.193 954.300 -- unknown 0.026 0.028 0.017 32.000 0.000  


101.502 955.610 A9 1,3-methylethylbenzene 1.316 1.121 0.965 322.394 161.330  


101.890 957.250 A9 1,4-methylethylbenzene 0.564 0.482 0.414 323.618 162.010  


102.197 958.540 N10 N10-[4] 0.032 0.029 0.020 32.000 0.000  


102.377 959.300 -- unknown 0.003 0.003 0.002 32.000 0.000  


102.746 960.840 -- unknown 0.002 0.002 0.001 32.000 0.000  


102.944 961.670 -- unknown 0.011 0.012 0.031 32.000 0.000  


103.233 962.870 A9 1,3,5-trimethylbenzene 0.702 0.597 0.514 328.532 164.740  


103.497 963.970 I10 I10-[5] 0.044 0.044 0.027 32.000 0.000  


103.765 965.080 N10 N10-[5] 0.019 0.018 0.012 32.000 0.000  


103.955 965.870 -- unknown 0.006 0.007 0.004 32.000 0.000  


104.194 966.850 I10 I10-[6] 0.003 0.003 0.002 32.000 0.000  


104.510 968.150 I10 5-methylnonane 0.055 0.055 0.034 329.180 165.100  


104.915 969.810 I10 4-methylnonane 0.449 0.447 0.278 32.000 0.000  


105.258 971.210 A9 1,2-methylethylbenzene 0.419 0.350 0.307 329.324 165.180  


105.444 971.970 I10 2-methylnonane 0.131 0.133 0.081 332.654 167.030  


105.595 972.580 -- unknown 0.010 0.011 0.006 32.000 0.000  


105.866 973.680 -- unknown 0.012 0.013 0.008 32.000 0.000  


106.103 974.640 I10 3-ethyloctane 0.028 0.028 0.017 331.700 166.500  


106.183 974.960 -- unknown 0.014 0.015 0.009 32.000 0.000  


106.470 976.120 N10 N10-[6] 0.025 0.023 0.016 32.000 0.000   
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Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 16 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


106.803 977.460 I10 3-methylnonane 0.158 0.159 0.098 334.040 167.800  


107.022 978.330 -- unknown 0.006 0.007 0.004 32.000 0.000  


107.372 979.730 N10 N10-[7] 0.003 0.003 0.002 32.000 0.000  


107.543 980.410 I10 I10-[7] 0.100 0.100 0.062 32.000 0.000  


107.816 981.500 I10 I10-[8] 0.009 0.009 0.005 32.000 0.000  


108.103 982.640 -- unknown 0.011 0.012 0.007 32.000 0.000  


108.564 984.460 A9 1,2,4-trimethylbenzene 2.048 1.721 1.501 336.884 169.380  


108.797 985.380 -- unknown 0.007 0.008 0.005 32.000 0.000  


108.972 986.070 I10 I10-[9] 0.011 0.011 0.007 32.000 0.000  


109.078 986.480 N10 i-butylcyclohexane 0.037 0.034 0.023 340.340 171.300  


109.269 987.230 -- unknown 0.028 0.029 0.018 32.000 0.000  


109.387 987.690 I10 I10-[10] 0.048 0.048 0.030 32.000 0.000  


109.669 988.790 I10 I10-[11] 0.020 0.020 0.012 32.000 0.000  


109.809 989.340 I10 I10-[12] 0.013 0.013 0.008 32.000 0.000  


110.160 990.700 N10 N10-[8] 0.024 0.022 0.015 32.000 0.000  


110.369 991.510 -- unknown 0.003 0.003 0.002 32.000 0.000  


110.777 993.090 O10 decene-1 0.003 0.003 0.002 339.080 170.600  


110.936 993.700 N10 1t-methyl-2-n-propylcyclohexane 0.012 0.011 0.008 339.800 171.000  


111.055 994.160 O10 2,3-dimethyloctene-2 0.065 0.065 0.041 32.000 0.000  


111.164 994.580 I10 I10-[13] 0.017 0.016 0.010 32.000 0.000  


111.461 995.720 A10 i-butylbenzene 0.004 0.003 0.002 343.022 172.790  


111.607 996.280 I10 I10-[14] 0.058 0.058 0.036 32.000 0.000  


111.840 997.170 -- unknown 0.040 0.042 0.025 32.000 0.000  


112.121 998.240 A10 sec-butylbenzene 0.038 0.033 0.025 344.012 173.340  


112.368 999.180 -- unknown 0.009 0.010 0.006 32.000 0.000  


112.581 1000.000 P10 n-decane 0.207 0.209 0.128 345.470 174.150  


112.824 1001.530 I11 I11-[1] 0.029 0.029 0.017 32.000 0.000  


113.180 1003.780 N10 N10-[9] 0.018 0.017 0.012 32.000 0.000  


113.510 1005.850 -- unknown 0.004 0.004 0.003 32.000 0.000  


113.826 1007.830 A9 1,2,3-trimethylbenzene 0.402 0.331 0.294 349.016 176.120  


113.975 1008.760 -- unknown 0.010 0.010 0.007 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 17 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


114.271 1010.610 A10 1,3-methyl-i-propylbenzene 0.044 0.038 0.029 347.144 175.080  


114.682 1013.170 -- unknown 0.009 0.009 0.024 32.000 0.000  


114.832 1014.090 A10 1,4-methyl-i-propylbenzene 0.027 0.023 0.018 350.834 177.130  


114.993 1015.090 -- unknown 0.003 0.003 0.002 32.000 0.000  


115.300 1016.990 I11 I11-[2] 0.028 0.028 0.016 32.000 0.000  


115.570 1018.650 I11 I11-[3] 0.013 0.013 0.007 32.000 0.000  


115.864 1020.460 A10 2-3-dihydroindene 0.279 0.213 0.208 352.130 177.850  


116.229 1022.700 -- unknown 0.020 0.021 0.015 32.000 0.000  


116.478 1024.220 N10 sec-butylcyclohexane 0.043 0.039 0.027 354.812 179.340  


116.706 1025.620 I11 I11-[4] 0.009 0.009 0.005 32.000 0.000  


117.055 1027.740 A10 1,2-methyl-i-propylbenzene 0.075 0.063 0.049 352.724 178.180  


117.226 1028.780 I11 3-ethylnonane 0.005 0.005 0.003 32.000 0.000  


117.320 1029.340 -- unknown 0.004 0.004 0.002 32.000 0.000  


117.628 1031.210 -- unknown 0.068 0.072 0.038 32.000 0.000  


117.854 1032.570 N11 N11-[1] 0.026 0.024 0.015 32.000 0.000  


117.905 1032.880 -- unknown 0.022 0.023 0.012 32.000 0.000  


118.087 1033.980 I11 I11-[5] 0.017 0.017 0.009 32.000 0.000  


118.232 1034.850 -- unknown 0.003 0.003 0.002 32.000 0.000  


118.602 1037.070 I11 I11-[6] 0.032 0.029 0.018 32.000 0.000  


118.769 1038.070 -- unknown 0.035 0.037 0.020 32.000 0.000  


119.210 1040.700 A10 1,3-diethylbenzene 0.142 0.121 0.093 358.052 181.140  


119.411 1041.900 -- unknown 0.065 0.069 0.043 32.000 0.000  


119.662 1043.390 A10 1,3-methyl-n-propylbenzene 0.289 0.247 0.190 359.618 182.010  


119.837 1044.430 I11 I11-[7] 0.024 0.024 0.014 32.000 0.000  


120.122 1046.120 A10 1,4-diethylbenzene 0.013 0.011 0.009 362.822 183.790  


120.295 1047.140 A10 1,4-methyl-n-propylbenzene 0.179 0.154 0.118 362.156 183.420  


120.471 1048.180 A10 n-butylbenzene 0.087 0.074 0.057 361.940 183.300  


120.880 1050.580 A10 1,3-dimethyl-5-ethylbenzene 0.303 0.254 0.199 362.516 183.620  


121.203 1052.480 A10 1,2-diethylbenzene 0.032 0.027 0.021 362.228 183.460  


121.345 1053.310 I11 I11-[8] 0.019 0.018 0.010 32.000 0.000  


121.574 1054.640 N10 t-decahydronaphthalene 0.009 0.009 0.005 368.960 187.200   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 18 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


121.824 1056.100 N11 N11-[2] 0.017 0.016 0.010 32.000 0.000  


122.111 1057.770 -- unknown 0.015 0.015 0.008 32.000 0.000  


122.248 1058.570 A10 1,2-methyl-n-propylbenzene 0.098 0.083 0.064 364.946 184.970  


122.649 1060.890 I11 I11-[9] 0.014 0.014 0.008 32.000 0.000  


122.753 1061.490 I11 I11-[10] 0.071 0.070 0.040 32.000 0.000  


122.963 1062.710 I11 I11-[11] 0.049 0.049 0.027 32.000 0.000  


123.266 1064.450 -- unknown 0.003 0.003 0.002 32.000 0.000  


123.473 1065.640 I11 I11-[12] 0.049 0.049 0.028 32.000 0.000  


123.732 1067.120 -- unknown 0.010 0.010 0.005 32.000 0.000  


124.019 1068.770 A10 1,4,dimethyl-2-ethylbenzene 0.220 0.185 0.144 368.366 186.870  


124.290 1070.310 A10 1,3-dimethyl-4-ethylbenzene 0.276 0.236 0.181 370.832 188.240  


124.564 1071.870 I11 I11-[13] 0.003 0.003 0.002 32.000 0.000  


124.863 1073.570 -- unknown 0.009 0.009 0.005 32.000 0.000  


125.122 1075.040 I11 I11-[14] 0.150 0.149 0.084 32.000 0.000  


125.288 1075.980 A10 1,2-dimethyl-4-ethylbenzene 0.303 0.255 0.199 373.136 189.520  


125.600 1077.740 -- unknown 0.009 0.010 0.006 32.000 0.000  


125.883 1079.340 -- unknown 0.014 0.015 0.009 32.000 0.000  


125.993 1079.950 I11 I11-[15] 0.004 0.004 0.002 32.000 0.000  


126.263 1081.470 A10 1,3-dimethyl-2-ethylbenzene 0.051 0.042 0.034 374.090 190.050  


126.416 1082.330 I11 I11-[16] 0.019 0.019 0.011 32.000 0.000  


126.746 1084.170 -- unknown 0.018 0.019 0.010 32.000 0.000  


126.946 1085.290 I11 I11-[17] 0.009 0.009 0.005 32.000 0.000  


127.174 1086.560 -- unknown 0.016 0.017 0.009 32.000 0.000  


127.516 1088.460 -- unknown 0.009 0.009 0.005 32.000 0.000  


127.585 1088.850 -- unknown 0.012 0.013 0.007 32.000 0.000  


127.857 1090.360 O11 undecene-1 0.022 0.021 0.012 378.860 192.700  


128.194 1092.210 A11 1,4-methyl-t-butylbenzene 0.038 0.033 0.023 32.000 0.000  


128.469 1093.730 A10 1,2-dimethyl-3-ethylbenzene 0.084 0.070 0.055 381.110 193.950  


128.812 1095.620 -- unknown 0.007 0.008 0.005 32.000 0.000  


129.079 1097.080 -- unknown 0.015 0.016 0.010 32.000 0.000  


129.171 1097.580 A11 1,2-ethyl-i-propylbenzene 0.008 0.007 0.005 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 19 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


129.333 1098.470 -- unknown 0.007 0.007 0.004 32.000 0.000  


129.612 1100.000 P11 n-undecane 0.111 0.110 0.063 384.620 195.900  


129.808 1101.470 -- unknown 0.008 0.009 0.005 32.000 0.000  


129.918 1102.290 A11 1,4-ethyl-i-propylbenzene 0.003 0.002 0.002 32.000 0.000  


130.344 1105.480 A10 1,2,4,5-tetramethylbenzene 0.177 0.147 0.116 386.312 196.840  


130.716 1108.250 A11 1,2-methyl-n-butylbenzene 0.007 0.006 0.004 390.200 199.000  


130.885 1109.500 A10 1,2,3,5-tetramethylbenzene 0.236 0.195 0.155 388.472 198.040  


131.033 1110.600 -- unknown 0.007 0.007 0.004 32.000 0.000  


131.375 1113.140 -- unknown 0.013 0.013 0.008 32.000 0.000  


131.569 1114.570 -- unknown 0.008 0.008 0.005 32.000 0.000  


131.875 1116.830 -- unknown 0.023 0.024 0.015 32.000 0.000  


132.319 1120.090 -- unknown 0.015 0.016 0.010 32.000 0.000  


132.477 1121.250 -- unknown 0.016 0.017 0.010 32.000 0.000  


132.953 1124.740 A11 1,2-methyl-t-butylbenzene 0.007 0.005 0.004 32.000 0.000  


133.116 1125.930 -- unknown 0.013 0.013 0.008 32.000 0.000  


133.429 1128.210 A10 5-methylindan 0.208 0.172 0.138 32.000 0.000  


133.774 1130.720 I12 I12-[1] 0.051 0.050 0.026 421.340 216.300  


134.179 1133.650 -- unknown 0.008 0.008 0.004 32.000 0.000  


134.296 1134.500 A10 4-methylindan 0.052 0.043 0.034 32.000 0.000  


134.562 1136.420 -- unknown 0.012 0.012 0.008 32.000 0.000  


134.675 1137.240 A11 1,2-ethyl-n-propylbenzene 0.060 0.050 0.036 32.000 0.000  


134.927 1139.050 A10 2-methylindan 0.199 0.162 0.132 368.600 187.000  


135.138 1140.570 A11 1,3-methyl-n-butylbenzene 0.010 0.008 0.006 390.200 199.000  


135.389 1142.370 -- unknown 0.006 0.006 0.004 32.000 0.000  


135.546 1143.500 A12 1,3-di-i-propylbenzene 0.067 0.056 0.036 397.760 203.200  


135.754 1144.980 A11 s-pentylbenzene 0.061 0.051 0.036 401.000 205.000  


135.908 1146.080 -- unknown 0.002 0.003 0.001 32.000 0.000  


136.341 1149.170 -- unknown 0.019 0.020 0.011 32.000 0.000  


136.438 1149.860 A11 n-pentylbenzene 0.048 0.039 0.028 401.720 205.400  


136.503 1150.320 -- unknown 0.027 0.028 0.016 32.000 0.000  


136.798 1152.420 N12 1t-M-2-(4-MP)cyclopentane 0.005 0.004 0.002 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 20 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


136.995 1153.810 A12 1,2-di-i-propylbenzene 0.029 0.024 0.016 399.200 204.000  


137.141 1154.840 -- unknown 0.028 0.030 0.015 32.000 0.000  


137.626 1158.270 -- unknown 0.042 0.044 0.023 32.000 0.000  


137.897 1160.180 A12 1,4-di-i-propylbenzene 0.052 0.043 0.028 410.540 210.300  


138.175 1162.130 -- unknown 0.008 0.008 0.004 32.000 0.000  


138.350 1163.360 A10 tetrahydronaphthalene 0.018 0.014 0.012 405.716 207.620  


138.492 1164.350 -- unknown 0.009 0.010 0.006 32.000 0.000  


138.725 1165.980 -- unknown 0.004 0.004 0.003 32.000 0.000  


138.886 1167.110 I12 I12-[2] 0.056 0.055 0.029 421.340 216.300  


139.182 1169.170 A10 naphthalene 0.172 0.123 0.118 424.382 217.990  


139.508 1171.430 A12 1-t-butyl-3,5-dimethylbenzene 0.004 0.003 0.002 32.000 0.000  


139.848 1173.800 A12 1,4-ethyl-t-butylbenzene 0.078 0.064 0.042 32.000 0.000  


140.252 1176.590 -- unknown 0.028 0.029 0.015 32.000 0.000  


140.543 1178.590 I12 I12-[3] 0.058 0.057 0.030 421.340 216.300  


140.774 1180.190 I12 I12-[4] 0.033 0.032 0.017 421.340 216.300  


141.123 1182.590 -- unknown 0.007 0.007 0.004 32.000 0.000  


141.350 1184.150 I12 I12-[5] 0.034 0.034 0.018 421.340 216.300  


141.603 1185.880 -- unknown 0.012 0.013 0.006 32.000 0.000  


141.896 1187.880 I12 I12-[6] 0.035 0.035 0.018 421.340 216.300  


142.096 1189.240 A12 1,3-di-n-propylbenzene 0.041 0.034 0.022 32.000 0.000  


142.335 1190.870 A12 A12-[1] 0.025 0.021 0.014 32.000 0.000  


142.553 1192.350 O12 dodecene-1 0.005 0.004 0.002 416.120 213.400  


142.636 1192.910 -- unknown 0.002 0.002 0.001 32.000 0.000  


142.913 1194.790 -- unknown 0.008 0.008 0.004 32.000 0.000  


143.254 1197.100 -- unknown 0.005 0.005 0.003 32.000 0.000  


143.557 1199.140 A12 A12-[2] 0.020 0.017 0.011 32.000 0.000  


143.683 1200.000 P12 n-dodecane 0.048 0.047 0.025 421.340 216.300  


143.945 1202.200 -- unknown 0.003 0.004 0.002 32.000 0.000  


144.228 1204.580 -- unknown 0.018 0.019 0.009 32.000 0.000  


144.763 1209.070 -- unknown 0.012 0.013 0.006 32.000 0.000  


144.988 1210.940 -- unknown 0.006 0.007 0.003 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 21 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


145.186 1212.600 A12 1,3,5-triethylbenzene 0.003 0.003 0.002 420.800 216.000  


145.373 1214.150 -- unknown 0.008 0.008 0.004 32.000 0.000  


145.717 1217.020 -- unknown 0.023 0.024 0.012 32.000 0.000  


145.890 1218.450 -- unknown 0.014 0.014 0.007 32.000 0.000  


146.206 1221.080 -- unknown 0.003 0.003 0.002 32.000 0.000  


146.497 1223.490 -- unknown 0.018 0.019 0.010 32.000 0.000  


146.738 1225.470 -- unknown 0.019 0.020 0.010 32.000 0.000  


146.829 1226.220 -- unknown 0.006 0.007 0.004 32.000 0.000  


147.121 1228.630 -- unknown 0.005 0.005 0.003 32.000 0.000  


147.201 1229.280 -- unknown 0.013 0.014 0.007 32.000 0.000  


147.506 1231.790 A12 1,2,4-triethylbenzene 0.014 0.012 0.008 423.500 217.500  


147.727 1233.600 -- unknown 0.004 0.005 0.002 32.000 0.000  


147.833 1234.470 -- unknown 0.001 0.001 0.001 32.000 0.000  


148.079 1236.480 -- unknown 0.004 0.004 0.002 32.000 0.000  


148.191 1237.400 -- unknown 0.005 0.005 0.003 32.000 0.000  


148.237 1237.770 -- unknown 0.008 0.008 0.004 32.000 0.000  


148.466 1239.640 -- unknown 0.002 0.002 0.001 32.000 0.000  


148.802 1242.380 A12 1,4-methyl-n-pentylbenzene 0.037 0.031 0.020 32.000 0.000  


149.087 1244.690 -- unknown 0.010 0.010 0.005 32.000 0.000  


149.242 1245.950 -- unknown 0.004 0.004 0.002 32.000 0.000  


149.380 1247.060 -- unknown 0.003 0.004 0.002 32.000 0.000  


149.669 1249.400 -- unknown 0.005 0.005 0.003 32.000 0.000  


149.952 1251.690 -- unknown 0.007 0.007 0.004 32.000 0.000  


150.150 1253.280 -- unknown 0.008 0.009 0.004 32.000 0.000  


150.531 1256.350 A12 n-hexylbenzene 0.020 0.017 0.011 32.000 0.000  


150.627 1257.120 -- unknown 0.021 0.022 0.012 32.000 0.000  


150.997 1260.090 -- unknown 0.012 0.013 0.007 32.000 0.000  


151.253 1262.130 -- unknown 0.005 0.005 0.003 32.000 0.000  


151.500 1264.100 -- unknown 0.005 0.005 0.003 32.000 0.000  


151.659 1265.370 -- unknown 0.004 0.004 0.002 32.000 0.000  


151.844 1266.840 -- unknown 0.006 0.006 0.003 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:02:16 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\103F0301.D\103F0301.CDF   Acquired: 10/31/20 02:46:24 


Sample: ODDB:54926     Analyzed: 11/2/2020 8:59:33 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 22 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


151.920 1267.450 -- unknown 0.010 0.010 0.005 32.000 0.000  


152.216 1269.800 -- unknown 0.009 0.010 0.005 32.000 0.000  


152.363 1270.970 -- unknown 0.002 0.003 0.001 32.000 0.000  


152.637 1273.140 I13 I13-[1] 0.009 0.008 0.004 455.720 235.400  


152.827 1274.640 A11 1,2,3,4,5-pentamethylbenzene 0.024 0.018 0.014 449.600 232.000  


153.056 1276.450 -- unknown 0.010 0.010 0.006 32.000 0.000  


153.571 1280.510 -- unknown 0.007 0.007 0.004 32.000 0.000  


153.924 1283.290 A11 2-methylnaphthalene 0.096 0.069 0.059 465.890 241.050  


154.413 1287.120 -- unknown 0.011 0.011 0.006 32.000 0.000  


154.565 1288.300 -- unknown 0.002 0.003 0.002 32.000 0.000  


154.704 1289.390 -- unknown 0.003 0.003 0.002 32.000 0.000  


154.903 1290.940 O13 tridecene-1 0.007 0.007 0.003 451.040 232.800  


155.161 1292.950 -- unknown 0.001 0.001 0.000 32.000 0.000  


155.342 1294.360 -- unknown 0.002 0.002 0.001 32.000 0.000  


155.502 1295.610 -- unknown 0.004 0.004 0.002 32.000 0.000  


155.593 1296.310 -- unknown 0.002 0.002 0.001 32.000 0.000  


155.879 1298.530 A11 1-methylnaphthalene 0.038 0.028 0.024 472.352 244.640  


156.069 1300.000 P13 n-tridecane 0.010 0.010 0.005 455.720 235.400  


156.179 1300.990 + C14+ (Summarized) 0.400 0.386 0.178 455.720 235.400   
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Detailed Hydrocarbon Analysis Summary Report - Report Date: 11/2/2020 9:17:46 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927 Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Location: GC 12 D6730 
Normalized to 100.000% 
 


  


 
  SUMMARY REPORT  


 Group Type Total(Mass%) Total(Vol%) Total(Mol%) 


 Paraffins: 7.879 8.832  8.093 


 I-Paraffins: 39.619 43.084  35.942 


 Olefins: 4.191 4.509  4.543 


 Naphthenes: 12.190 11.763  10.841 


 Aromatics: 23.391 19.721  18.843 


 Total C14+: 0.390 0.376  0.173 


Total Unknowns: 1.692 1.779  1.218 


      


Oxygenates:      


Total:  10.648(Mass%) 9.936(Vol%)   


Total Oxygen Content: 3.698(Mass%)    


Multisubstituted Aromatics: 14.827(Mass%) 12.534(Vol%)  


Average Molecular Weight: 88.030     


Relative Density: 0.736      


Vapor Pressure :      


Calculated Octane Number: 86.0     


Motor Octane Number (Jenkins Calculation): 78.1    


 IBP T10 T50 T90 FBP 


BP by Mass (Deg F) 31.10 173.30 210.63 334.04 465.89 


BP by Vol (Deg F) 31.10 173.30 210.63 334.04 465.89 


Percent Carbon: 83.877  Percent Hydrogen: 12.425   


Bromine Number (Calc): 7.851 
Particulate Matter Index: 1.156 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:18:01 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927 Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


 
 
 


 


Oxygenates     


Compound Mass% Mass% Oxygen Vol% 


ethanol : X2 10.648 3.698 9.936 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:18:01 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927 Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


  
 
Totals by Group Type & Carbon Number (in Mass Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.002 0.000  0.000 0.000 0.000 0.000 0.002 


C4 0.505 0.105  0.048 0.000 0.000 0.000 0.658 


C5 2.490 7.000  1.810 0.341 0.000 0.001 11.641 


C6 1.894 7.939  1.182 3.284 0.725 0.045 15.070 


C7 1.389 8.651  0.763 3.940 4.747 0.008 19.497 


C8 0.834 9.933  0.070 2.870 7.619 0.208 21.533 


C9 0.391 3.395  0.207 1.393 5.870 0.187 11.443 


C10 0.207 1.790  0.076 0.311 3.638 0.242 6.264 


C11 0.110 0.534  0.021 0.047 0.407 0.385 1.504 


C12 0.047 0.265  0.006 0.005 0.386 0.309 1.018 


C13 0.009 0.008  0.007 0.000 0.000 0.306 0.331 


Total: 7.879 39.619  4.191 12.190 23.391 1.692 87.270 


 Oxygenates 10.648  Total C14+: 0.390   


 Total Unknowns: 1.692  Grand Total: 100.000   
 


 


Totals by Group Type & Carbon Number (in Volume Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.002 0.000  0.000 0.000 0.000 0.000 0.003 


C4 0.643 0.139  0.058 0.000 0.000 0.000 0.839 


C5 2.928 8.317  2.022 0.336 0.000 0.001 13.604 


C6 2.115 8.888  1.238 3.198 0.607 0.048 16.094 


C7 1.496 9.297  0.792 3.839 4.031 0.008 19.464 


C8 0.874 10.378  0.071 2.742 6.465 0.218 20.749 


C9 0.401 3.476  0.219 1.314 4.961 0.197 10.566 


C10 0.208 1.794  0.076 0.285 3.015 0.255 5.634 


C11 0.109 0.528  0.021 0.044 0.322 0.405 1.429 


C12 0.046 0.259  0.006 0.004 0.319 0.325 0.960 


C13 0.009 0.008  0.007 0.000 0.000 0.322 0.346 


Total: 8.832 43.084  4.509 11.763 19.721 1.779 87.908 


 Oxygenates 9.936  Total C14+: 0.376   


 Total Unknowns: 1.779  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:18:01 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927 Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


  
 
Totals by Group Type & Carbon Number (in Mol Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.001 0.000  0.000 0.000 0.000 0.000 0.001 


C3 0.003 0.000  0.000 0.000 0.000 0.000 0.004 


C4 0.765 0.159  0.075 0.000 0.000 0.001 1.000 


C5 3.038 8.540  2.276 0.427 0.000 0.001 14.283 


C6 1.935 8.110  1.243 3.435 0.817 0.121 15.660 


C7 1.220 7.600  0.683 3.532 4.535 0.009 17.579 


C8 0.643 7.655  0.054 2.251 6.317 0.166 17.086 


C9 0.268 2.330  0.144 0.972 4.299 0.142 8.155 


C10 0.128 1.108  0.048 0.194 2.421 0.177 4.076 


C11 0.062 0.301  0.012 0.027 0.244 0.255 0.901 


C12 0.024 0.137  0.003 0.002 0.209 0.181 0.557 


C13 0.005 0.004  0.003 0.000 0.000 0.167 0.178 


Total: 8.093 35.942  4.543 10.841 18.843 1.218 78.262 


 Oxygenates 20.347  Total C14+: 0.173   


 Total Unknowns: 1.218  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis - Dienes (Di-Olefins) Detail Report - Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks        


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha    


Comments:      Normalized to 100.000%   


Hold         
      


   Diene Components Listed in Chromatographic Order Page: 5 


Minutes Index Group Component Mass % Volume % Mol %   
         


13.032 481.390 O5 1,4-pentadiene 0.001 0.001 0.001   


14.849 506.110 O5 2-methylbutadiene-1,3 0.007 0.008 0.009   


16.187 527.950 O5 1t,3-pentadiene 0.008 0.008 0.010   


16.886 538.200 O5 cyclopentadiene 0.005 0.006 0.007   


20.387 580.980 O6 1,5-hexadiene 0.000 0.000 0.000   


21.990 597.090 O6 1c/t,4-hexadiene 0.000 0.000 0.000   


25.274 632.930 O7 cyclic diolefin or triolefin-[1] 0.002 0.003 0.003   


25.836 638.570 O7 cyclic diolefin or triolefin-[2] 0.007 0.007 0.007   


28.353 661.940 O6 diolefin (hexadiene) 0.003 0.003 0.003   


36.538 720.920 N8 1,1,3-trimethylcyclopentane 0.180 0.177 0.141   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 6 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


6.436 100.000 P1 methane 0.000 0.000 0.000 -258.700 -161.500  


6.621 200.000 P2 ethane 0.000 0.000 0.001 -127.480 -88.600  


7.115 293.470 O3 propylene 0.000 0.000 0.000 -53.896 -47.720  


7.177 300.000 P3 propane 0.002 0.002 0.003 -43.672 -42.040  


8.192 366.110 I4 i-butane 0.105 0.139 0.159 10.904 -11.720  


8.343 372.490 -- unknown 0.000 0.000 0.001 32.000 0.000  


8.849 390.700 O4 butene-1 0.002 0.003 0.004 20.750 -6.250  


8.880 391.700 O4 isobutylene 0.003 0.004 0.005 20.750 -6.250  


9.155 400.000 P4 n-butane 0.505 0.643 0.765 31.100 -0.500  


9.546 412.290 O4 t-butene-2 0.018 0.022 0.028 33.584 0.880  


9.643 415.120 I5 2,2-dimethylpropane 0.003 0.004 0.004 49.100 9.500  


9.876 421.560 -- unknown 0.001 0.001 0.001 32.000 0.000  


10.131 428.120 O4 c-butene-2 0.024 0.029 0.038 38.696 3.720  


11.667 460.050 X2 ethanol 10.648 9.936 20.347 173.300 78.500  


11.713 460.850 O5 3-methylbutene-1 0.071 0.084 0.090 68.090 20.050  


12.774 477.720 I5 i-pentane 6.996 8.313 8.536 82.112 27.840  


13.032 481.390 O5 1,4-pentadiene 0.001 0.001 0.001 78.728 25.960  


13.747 490.870 O5 pentene-1 0.123 0.142 0.155 85.928 29.960  


14.223 496.680 O5 2-methylbutene-1 0.286 0.323 0.358 88.070 31.150  


14.508 500.000 P5 n-pentane 2.490 2.928 3.038 96.908 36.060  


14.849 506.110 O5 2-methylbutadiene-1,3 0.007 0.008 0.009 93.308 34.060  


15.096 510.400 O5 t-pentene-2 0.372 0.423 0.467 97.412 36.340  


15.467 516.600 O5 3,3-dimethylbutene-1 0.005 0.006 0.006 106.232 41.240  


15.637 519.360 O5 c-pentene-2 0.207 0.232 0.260 98.474 36.930  


15.796 521.900 -- unknown 0.000 0.000 0.001 32.000 0.000  


15.974 524.690 O5 2-methylbutene-2 0.622 0.692 0.781 101.408 38.560  


16.187 527.950 O5 1t,3-pentadiene 0.008 0.008 0.010 107.636 42.020  


16.307 529.760 -- unknown 0.001 0.001 0.001 32.000 0.000  


16.886 538.200 O5 cyclopentadiene 0.005 0.006 0.007 32.000 0.000  


17.015 540.010 I6 2,2-dimethylbutane 0.446 0.506 0.456 121.514 49.730  


18.313 557.150 O5 cyclopentene 0.102 0.097 0.131 111.614 44.230  
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 7 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


18.680 561.650 O6 4-methylpentene-1 0.024 0.026 0.025 128.948 53.860  


18.748 562.480 O6 3-methylpentene-1 0.035 0.039 0.037 129.506 54.170  


18.831 563.470 -- unknown 0.002 0.002 0.002 32.000 0.000  


19.105 566.710 N5 cyclopentane 0.341 0.336 0.427 120.650 49.250  


19.292 568.880 I6 2,3-dimethylbutane 1.359 1.512 1.388 136.364 57.980  


19.448 570.660 -- unknown 0.043 0.045 0.118 32.000 0.000  


19.706 573.560 I6 2-methylpentane 3.788 4.270 3.869 140.468 60.260  


19.836 575.010 O6 4-methyl-t-pentene-2 0.069 0.075 0.072 137.480 58.600  


20.387 580.980 O6 1,5-hexadiene 0.000 0.000 0.000 139.010 59.450  


20.811 585.420 I6 3-methylpentane 2.346 2.600 2.397 145.886 63.270  


21.262 589.990 O6 2-methylpentene-1 0.114 0.122 0.119 143.780 62.100  


21.352 590.880 O6 hexene-1 0.049 0.053 0.051 146.246 63.470  


21.990 597.090 O6 1c/t,4-hexadiene 0.000 0.000 0.000 149.000 65.000  


22.298 600.000 P6 n-hexane 1.894 2.115 1.935 155.714 68.730  


22.522 602.680 O6 t-hexene-3 0.074 0.080 0.078 152.744 67.080  


22.588 603.470 O6 c-hexene-3 0.025 0.026 0.026 151.592 66.440  


22.740 605.260 O6 t-hexene-2 0.146 0.157 0.152 154.184 67.880  


22.821 606.210 -- unknown 0.001 0.001 0.001 32.000 0.000  


22.943 607.630 O6 2-methylpentene-2 0.185 0.198 0.194 153.140 67.300  


23.022 608.550 O6 4-methylcyclopentene 0.050 0.048 0.054 148.820 64.900  


23.185 610.410 O6 3-methyl-c-pentene-2 0.113 0.119 0.118 153.842 67.690  


23.308 611.820 O6 3-methylcyclopentene 0.027 0.026 0.029 149.000 65.000  


23.416 613.040 O6 O6-[1] 0.000 0.000 0.000 32.000 0.000  


23.548 614.520 O6 c-hexene-2 0.079 0.084 0.083 155.984 68.880  


23.784 617.150 O6 O6-[2] 0.001 0.001 0.001 32.000 0.000  


24.113 620.750 O7 3,3-dimethylpentene-1 0.174 0.183 0.156 171.446 77.470  


24.253 622.260 -- unknown 0.001 0.001 0.003 32.000 0.000  


24.307 622.840 O7 4,4-dimethyl-t-pentene-2 0.001 0.001 0.001 170.114 76.730  


24.408 623.920 I7 2,2-dimethylpentane 0.104 0.113 0.091 174.542 79.190  


24.626 626.230 N6 methylcyclopentane 2.454 2.413 2.567 161.240 71.800  


25.037 630.510 I7 2,4-dimethylpentane 1.538 1.684 1.352 176.882 80.490   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 8 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


25.274 632.930 O7 cyclic diolefin or triolefin-[1] 0.002 0.003 0.003 32.000 0.000  


25.457 634.780 I7 2,2,3-trimethylbutane 0.049 0.052 0.043 177.584 80.880  


25.623 636.450 -- unknown 0.002 0.002 0.002 32.000 0.000  


25.836 638.570 O7 cyclic diolefin or triolefin-[2] 0.007 0.007 0.007 32.000 0.000  


26.173 641.870 O7 O7-[1] 0.002 0.002 0.002 32.000 0.000  


26.285 642.950 O7 3,4-dimethylpentene-1 0.006 0.006 0.005 177.422 80.790  


26.656 646.500 O7 4,4-dimethyl-c-pentene-2 0.008 0.009 0.007 176.756 80.420  


26.802 647.880 O7 2,4-dimethylpentene-1 0.008 0.009 0.007 178.880 81.600  


26.905 648.840 O6 1-methylcyclopentene 0.188 0.178 0.202 167.864 75.480  


27.104 650.700 A6 benzene 0.725 0.607 0.817 176.162 80.090  


27.286 652.380 O7 2-methyl-c-hexene-3 0.004 0.005 0.004 186.800 86.000  


27.501 654.350 I7 3,3-dimethylpentane 0.098 0.104 0.086 186.908 86.060  


27.602 655.270 O7 5-methylhexene-1 0.010 0.011 0.009 185.558 85.310  


27.794 656.990 -- unknown 0.004 0.004 0.003 32.000 0.000  


27.928 658.200 N6 cyclohexane 0.830 0.785 0.868 177.296 80.720  


28.224 660.810 O7 2-methyl-t-hexene-3 0.017 0.018 0.015 186.620 85.900  


28.353 661.940 O6 diolefin (hexadiene) 0.003 0.003 0.003 158.000 70.000  


28.445 662.750 O7 2-ethyl-3-methylbutene-1 0.006 0.007 0.006 187.448 86.360  


28.572 663.850 O7 4-methylhexene-1 0.014 0.015 0.013 188.114 86.730  


28.878 666.480 O7 4-methyl-t/c-hexene-2 0.024 0.025 0.022 187.358 86.310  


29.042 667.880 I7 2-methylhexane 2.018 2.189 1.772 194.090 90.050  


29.206 669.260 I7 2,3-dimethylpentane 2.601 2.755 2.285 193.604 89.780  


29.488 671.620 N7 1,1-dimethylcyclopentane 0.076 0.074 0.068 189.464 87.480  


29.810 674.280 O7 5-methyl-t-hexene-2 0.023 0.024 0.021 190.598 88.110  


30.024 676.030 I7 3-methylhexane 2.052 2.199 1.803 197.330 91.850  


30.452 679.470 O7 3,4-dimethyl-c-pentene-2 0.013 0.013 0.011 192.650 89.250  


30.760 681.910 N7 1c,3-dimethylcyclopentane 0.699 0.691 0.626 195.386 90.770  


31.113 684.670 N7 1t,3-dimethylcyclopentane 0.621 0.611 0.557 197.096 91.720  


31.291 686.050 I7 3-ethylpentane 0.191 0.201 0.168 200.246 93.470  


31.480 687.510 N7 1t,2-dimethylcyclopentane 0.608 0.596 0.545 197.366 91.870  


31.662 688.890 I8 2,2,4-trimethylpentane 2.863 3.047 2.206 210.632 99.240   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 9 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


32.212 693.030 O7 O7-[2] 0.001 0.001 0.001 32.000 0.000  


32.451 694.800 O7 3-methyl-c-hexene-3 0.022 0.022 0.020 203.720 95.400  


32.987 698.710 O7 t-heptene-3 0.079 0.083 0.071 204.206 95.670  


33.166 700.000 P7 n-heptane 1.389 1.496 1.220 209.156 98.420  


33.463 701.940 O7 2-methyl-2-hexene 0.083 0.085 0.074 203.738 95.410  


33.617 702.940 O7 3-methyl-t-hexene-3 0.031 0.033 0.028 200.372 93.540  


33.862 704.520 O7 t-heptene-2 0.031 0.032 0.028 208.310 97.950  


34.091 705.990 O7 3-ethylpentene-2 0.021 0.021 0.019 204.818 96.010  


34.579 709.070 O7 c-heptene-2 0.078 0.081 0.070 209.138 98.410  


34.768 710.250 O7 3-methyl-t-hexene-2 0.001 0.001 0.001 203.324 95.180  


35.095 712.270 O7 2,3-dimethylpentene-2 0.033 0.034 0.030 207.320 97.400  


35.326 713.680 O7 3-ethylcyclopentene 0.004 0.004 0.003 207.986 97.770  


35.414 714.220 -- unknown 0.001 0.001 0.001 32.000 0.000  


35.720 716.070 O7 O7-[3] 0.006 0.007 0.006 32.000 0.000  


35.986 717.660 N7 1c,2-dimethylcyclopentane 0.292 0.294 0.262 211.154 99.530  


36.114 718.420 N7 methylcyclohexane 1.296 1.240 1.161 213.674 100.930  


36.429 720.280 I8 2,2-dimethylhexane 0.040 0.042 0.031 224.312 106.840  


36.538 720.920 N8 1,1,3-trimethylcyclopentane 0.180 0.177 0.141 220.802 104.890  


36.868 722.840 O7 O7-[4] 0.005 0.005 0.004 32.000 0.000  


36.956 723.350 O7 O7-[5] 0.002 0.002 0.002 32.000 0.000  


37.147 724.450 O7 O7-[6] 0.005 0.005 0.004 32.000 0.000  


37.265 725.120 -- unknown 0.001 0.001 0.001 32.000 0.000  


37.506 726.490 O7 O7-[7] 0.006 0.006 0.006 32.000 0.000  


38.007 729.310 N7 ethylcyclopentane 0.348 0.334 0.312 218.246 103.470  


38.131 730.000 I8 2,5-dimethylhexane 0.580 0.616 0.447 228.398 109.110  


38.321 731.050 I8 2,2,3-trimethylpentane 0.114 0.118 0.088 229.730 109.850  


38.470 731.880 I8 2,4-dimethylhexane 0.670 0.705 0.517 228.974 109.430  


38.596 732.570 -- unknown 0.012 0.013 0.009 32.000 0.000  


38.813 733.760 -- unknown 0.002 0.002 0.001 32.000 0.000  


38.927 734.370 O7 O7-[8] 0.002 0.002 0.002 32.000 0.000  


39.161 735.640 O7 O7-[9] 0.002 0.002 0.001 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 10 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


39.475 737.320 N8 1c,2t,4-trimethylcyclopentane 0.294 0.283 0.230 242.132 116.740  


39.693 738.480 I8 3,3-dimethylhexane 0.058 0.060 0.045 233.546 111.970  


40.179 741.040 O7 O7-[10] 0.003 0.003 0.003 32.000 0.000  


40.481 742.600 O7 O7-[11] 0.002 0.002 0.002 32.000 0.000  


40.634 743.400 O7 O7-[12] 0.005 0.005 0.004 32.000 0.000  


40.839 744.450 N8 1t,2c,3-trimethylcyclopentane 0.213 0.204 0.167 230.738 110.410  


41.380 747.200 I8 2,3,4-trimethylpentane 1.258 1.288 0.969 236.246 113.470  


41.597 748.280 I8 I8-[1] 0.078 0.080 0.060 236.246 113.470  


41.895 749.780 O7 O7-[13] 0.021 0.021 0.016 32.000 0.000  


42.201 751.290 I8 2,3,3-trimethylpentane 1.186 1.203 0.914 238.586 114.770  


42.632 753.400 A7 toluene 4.747 4.031 4.535 231.134 110.630  


42.760 754.020 O8 O8-[1] 0.004 0.004 0.003 32.000 0.000  


42.937 754.880 O8 O8-[2] 0.001 0.001 0.001 32.000 0.000  


43.080 755.570 O8 O8-[3] 0.006 0.006 0.005 32.000 0.000  


43.193 756.110 -- unknown 0.001 0.001 0.001 32.000 0.000  


43.617 758.130 I8 2,3-dimethylhexane 0.556 0.575 0.428 240.098 115.610  


43.791 758.950 I8 2-methyl-3-ethylpentane 0.071 0.073 0.055 240.098 115.610  


44.088 760.350 N8 1,1,2-trimethylcyclopentane 0.010 0.010 0.008 236.714 113.730  


44.533 762.420 O8 O8-[4] 0.028 0.028 0.022 32.000 0.000  


44.944 764.310 I8 2-methylheptane 0.935 0.986 0.720 243.770 117.650  


45.254 765.720 I8 4-methylheptane 0.356 0.372 0.275 243.878 117.710  


45.512 766.890 I8 3-methyl-3-ethylpentane 0.072 0.075 0.056 240.098 115.610  


45.624 767.390 I8 3,4-dimethylhexane 0.089 0.091 0.069 243.914 117.730  


46.244 770.160 N8 1c,2c,4-trimethylcyclopentane 0.112 0.108 0.088 242.168 116.760  


46.656 771.970 I8 3-methylheptane 0.892 0.931 0.688 246.074 118.930  


46.928 773.160 -- unknown 0.189 0.199 0.146 32.000 0.000  


47.010 773.510 N8 1c,2t,3-trimethylcyclopentane 0.417 0.398 0.327 243.500 117.500  


47.179 774.250 I8 3-ethylhexane 0.114 0.117 0.087 245.372 118.540  


47.452 775.430 N8 1t,4-dimethylcyclohexane 0.196 0.189 0.154 246.848 119.360  


47.894 777.310 -- unknown 0.002 0.002 0.006 32.000 0.000  


48.271 778.910 -- unknown 0.001 0.001 0.002 32.000 0.000   







 


D55 


Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 11 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


48.426 779.560 O8 O8-[5] 0.001 0.001 0.001 32.000 0.000  


48.774 781.010 N8 1,1-dimethylcyclohexane 0.035 0.033 0.027 247.190 119.550  


49.238 782.930 I9 2,2,5-trimethylhexane 0.635 0.661 0.436 255.362 124.090  


49.661 784.660 N8 3c-ethylmethylcyclopentane 0.215 0.206 0.169 249.980 121.100  


49.884 785.570 O9 2,6-dimethylheptene-1 0.003 0.003 0.002 32.000 0.000  


50.211 786.900 N8 3t-ethylmethylcyclopentane 0.182 0.175 0.143 249.980 121.100  


50.544 788.230 N8 2t-ethylmethylcyclopentane 0.166 0.159 0.130 250.160 121.200  


51.006 790.070 O8 O8-[6] 0.007 0.007 0.006 32.000 0.000  


51.122 790.520 N8 1,1-methylethylcyclopentane 0.022 0.020 0.017 250.754 121.530  


51.817 793.240 N8 1t,2-dimethylcyclohexane 0.194 0.184 0.152 254.174 123.430  


52.063 794.190 O8 t-octene-4 0.007 0.008 0.006 252.068 122.260  


52.424 795.580 O9 3,5,5-trimethylhexene-1 0.001 0.001 0.001 32.000 0.000  


52.885 797.340 N8 1c,2c,3-trimethylcyclopentane 0.032 0.030 0.025 253.400 123.000  


53.590 800.000 P8 n-octane 0.834 0.874 0.643 258.224 125.680  


53.869 801.040 N8 1c,4-dimethylcyclohexane 0.270 0.254 0.212 255.794 124.330  


54.739 804.270 O8 t-octene-2 0.008 0.009 0.007 32.000 0.000  


54.963 805.090 -- unknown 0.005 0.005 0.014 32.000 0.000  


55.331 806.440 I9 I9-[1] 0.037 0.038 0.026 32.000 0.000  


55.423 806.770 -- unknown 0.019 0.020 0.013 32.000 0.000  


55.829 808.240 N8 i-propylcyclopentane 0.085 0.081 0.067 259.574 126.430  


56.491 810.600 -- unknown 0.004 0.004 0.003 32.000 0.000  


56.760 811.550 O9 O9-[1] 0.001 0.001 0.001 32.000 0.000  


57.033 812.510 -- unknown 0.008 0.009 0.006 32.000 0.000  


57.132 812.860 O8 c-octene-2 0.004 0.004 0.003 32.000 0.000  


57.398 813.790 -- unknown 0.001 0.001 0.001 32.000 0.000  


57.700 814.840 N8 N8-[1] 0.014 0.014 0.011 32.000 0.000  


58.065 816.100 O8 O8-[1] 0.002 0.002 0.002 32.000 0.000  


58.448 817.410 I9 2,2,3,4-tetramethylpentane 0.127 0.126 0.087 271.454 133.030  


59.087 819.580 I9 2,3,4-trimethylhexane 0.072 0.071 0.049 282.308 139.060  


59.390 820.600 N8 N8-[2] 0.003 0.003 0.002 32.000 0.000  


59.646 821.460 O9 O9-[1] 0.031 0.032 0.022 32.000 0.000   
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60.061 822.830 N8 N8-[3] 0.001 0.001 0.001 32.000 0.000  


60.501 824.290 O9 O9-[2] 0.006 0.006 0.004 32.000 0.000  


61.041 826.050 N8 1c,2-dimethylcyclohexane 0.191 0.176 0.150 265.532 129.740  


61.241 826.700 -- unknown 0.022 0.024 0.018 32.000 0.000  


61.629 827.950 I9 2,3,5-trimethylhexane 0.007 0.007 0.005 268.430 131.350  


61.944 828.970 I9 2,2-dimethylheptane 0.013 0.014 0.009 270.860 132.700  


62.456 830.590 -- unknown 0.001 0.001 0.001 32.000 0.000  


62.829 831.770 N9 1,1,4-trimethylcyclohexane 0.340 0.324 0.237 275.000 135.000  


63.398 833.560 I9 2,2,3-trimethylhexane 0.161 0.166 0.110 271.220 132.900  


63.981 835.370 I9 2,4-dimethylheptane 0.034 0.035 0.023 271.220 132.900  


64.727 837.650 I9 4,4-dimethylheptane 0.196 0.202 0.135 271.220 132.900  


65.049 838.630 N8 ethylcyclohexane 0.001 0.001 0.001 269.222 131.790  


65.629 840.380 N8 n-propylcyclopentane 0.032 0.030 0.025 267.728 130.960  


65.837 841.000 I9 2,5-dimethylheptane 0.266 0.274 0.183 276.800 136.000  


66.295 842.370 I9 3,3-&3,5-dimethylheptane 0.062 0.063 0.042 278.636 137.020  


66.703 843.570 I9 3,5-dimethylheptane 0.042 0.043 0.029 276.800 136.000  


67.182 844.980 I9 2,6-dimethylheptane 0.072 0.075 0.050 275.396 135.220  


67.805 846.790 N9 1,1,3-trimethylcyclohexane 0.049 0.046 0.034 295.862 146.590  


68.304 848.230 O9 2,4-dimethylheptene-1 0.002 0.002 0.001 32.000 0.000  


68.834 849.750 N8 N8-[4] 0.001 0.001 0.001 32.000 0.000  


69.080 850.450 N8 N8-[5] 0.003 0.003 0.003 32.000 0.000  


69.406 851.370 N9 1c,2t,4t-trimethylcyclohexane 0.020 0.019 0.014 32.000 0.000  


70.260 853.760 A8 ethylbenzene 1.243 1.056 1.031 277.160 136.200  


70.639 854.810 N9 1c,3c,5c-trimethylcyclohexane 0.130 0.123 0.091 32.000 0.000  


71.486 857.140 O9 2-methyloctene-1 0.021 0.022 0.014 32.000 0.000  


71.892 858.240 I9 I9-[2] 0.004 0.004 0.003 32.000 0.000  


72.361 859.510 O9 2-methyloctene-2 0.030 0.033 0.021 32.000 0.000  


72.773 860.620 N9 N9-[1] 0.002 0.002 0.001 32.000 0.000  


73.172 861.680 N9 N9-[2] 0.001 0.001 0.001 32.000 0.000  


74.115 864.180 A8 1,3-dimethylbenzene 3.345 2.850 2.773 282.416 139.120  


74.446 865.040 A8 1,4-dimethylbenzene 1.358 1.161 1.126 281.048 138.360   
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75.058 866.630 I9 3,4-dimethylheptane 0.031 0.031 0.021 285.080 140.600  


75.383 867.470 I9 3,4 -dimethylheptane 0.063 0.063 0.043 285.080 140.600  


75.919 868.850 N9 N9-[3] 0.027 0.026 0.019 32.000 0.000  


76.359 869.970 I9 I9-[3] 0.078 0.078 0.053 32.000 0.000  


77.241 872.200 I9 4-ethylheptane 0.002 0.002 0.002 288.392 142.440  


77.571 873.020 I9 4-methyloctane 0.276 0.282 0.189 288.392 142.440  


77.963 874.000 I9 2-methyloctane 0.339 0.349 0.232 289.904 143.280  


78.569 875.500 N9 N9-[4] 0.038 0.036 0.026 32.000 0.000  


79.143 876.900 -- unknown 0.001 0.001 0.000 32.000 0.000  


79.422 877.590 N9 1c,2t,3c-trimethylcyclohexane 0.041 0.039 0.028 304.160 151.200  


79.737 878.350 I9 3-ethylheptane 0.079 0.080 0.054 289.400 143.000  


80.250 879.590 I9 3-methyloctane 0.436 0.445 0.299 291.614 144.230  


80.573 880.360 I9 3,3-diethylpentane 0.021 0.021 0.015 270.842 132.690  


81.011 881.410 -- unknown 0.066 0.070 0.046 32.000 0.000  


81.299 882.100 N9 1c,2t,4c-trimethylcyclohexane 0.018 0.017 0.013 275.000 135.000  


81.666 882.960 N9 1,1,2-trimethylcyclohexane 0.030 0.028 0.021 293.360 145.200  


82.030 883.820 A8 1,2-dimethylbenzene 1.673 1.399 1.387 291.974 144.430  


82.560 885.060 I9 I9-[4] 0.028 0.029 0.019 32.000 0.000  


82.922 885.910 I9 I9-[5] 0.106 0.107 0.073 32.000 0.000  


83.656 887.600 N9 N9-[5] 0.090 0.085 0.063 32.000 0.000  


83.922 888.210 N9 N9-[6] 0.116 0.110 0.081 32.000 0.000  


84.062 888.530 -- unknown 0.036 0.038 0.025 32.000 0.000  


84.438 889.390 O9 nonene-1 0.007 0.006 0.005 274.100 134.500  


84.609 889.780 I9 I9-[6] 0.061 0.061 0.042 32.000 0.000  


85.014 890.700 N9 N9-[7] 0.159 0.151 0.111 32.000 0.000  


85.554 891.910 I9 I9-[7] 0.017 0.017 0.011 32.000 0.000  


86.008 892.930 N9 i-butylcyclopentane 0.033 0.031 0.023 298.346 147.970  


86.220 893.400 N9 N9-[8] 0.023 0.021 0.016 32.000 0.000  


87.064 895.270 -- unknown 0.001 0.001 0.001 32.000 0.000  


87.439 896.100 N9 N9-[9] 0.015 0.014 0.011 32.000 0.000  


87.738 896.750 N9 N9-[10] 0.009 0.008 0.006 32.000 0.000   
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88.032 897.390 O9 t-nonene-2 0.007 0.008 0.005 32.000 0.000  


88.251 897.870 O9 t-nonene-3 0.021 0.022 0.015 32.000 0.000  


88.663 898.760 I9 I9-[8] 0.130 0.131 0.089 32.000 0.000  


88.835 899.130 -- unknown 0.022 0.024 0.015 32.000 0.000  


89.236 900.000 P9 n-nonane 0.391 0.401 0.268 303.476 150.820  


89.596 901.740 N9 1,1-methylethylcyclohexane 0.094 0.086 0.065 305.924 152.180  


90.170 904.510 N9 N9-[11] 0.010 0.009 0.007 32.000 0.000  


90.421 905.720 N9 N9-[12] 0.027 0.025 0.019 32.000 0.000  


90.709 907.090 O10 t-2,2,5,5-tetramethylhexene-3 0.005 0.005 0.003 32.000 0.000  


90.811 907.580 -- unknown 0.002 0.002 0.001 32.000 0.000  


91.172 909.300 -- unknown 0.000 0.000 0.000 32.000 0.000  


91.585 911.260 N9 N9-[13] 0.006 0.006 0.004 32.000 0.000  


92.010 913.260 A9 i-propylbenzene 0.066 0.056 0.048 306.338 152.410  


92.371 914.960 O9 c-nonene-3 0.076 0.082 0.053 32.000 0.000  


92.531 915.700 -- unknown 0.018 0.019 0.012 32.000 0.000  


92.931 917.570 I10 I10-[1] 0.012 0.012 0.008 32.000 0.000  


93.029 918.030 N9 i-propylcyclohexane 0.023 0.022 0.016 310.622 154.790  


93.198 918.810 -- unknown 0.005 0.006 0.004 32.000 0.000  


93.772 921.470 I10 I10-[2] 0.114 0.115 0.070 32.000 0.000  


94.169 923.290 I10 2,2-dimethyloctane 0.036 0.037 0.023 314.420 156.900  


94.443 924.550 I10 2,4-dimethyloctane 0.055 0.055 0.034 312.620 155.900  


94.876 926.520 N9 N9-[14] 0.007 0.007 0.005 32.000 0.000  


95.310 928.500 N9 N9-[15] 0.023 0.022 0.016 32.000 0.000  


95.916 931.230 I10 2,6-dimethyloctane 0.092 0.093 0.057 320.738 160.410  


96.272 932.830 I10 2,5-dimethyloctane 0.083 0.084 0.051 317.300 158.500  


96.531 933.990 -- unknown 0.003 0.003 0.002 32.000 0.000  


97.129 936.650 N9 n-butylcyclopentane 0.062 0.058 0.043 313.916 156.620  


97.343 937.600 I10 I10-[3] 0.033 0.034 0.021 32.000 0.000  


97.493 938.260 N10 N10-[1] 0.038 0.035 0.024 32.000 0.000  


97.758 939.430 -- unknown 0.006 0.006 0.004 32.000 0.000  


98.008 940.530 I10 I10-[4] 0.022 0.023 0.014 32.000 0.000   
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98.462 942.520 I10 3,3-dimethyloctane 0.146 0.146 0.091 322.160 161.200  


98.774 943.890 N10 N10-[2] 0.025 0.023 0.016 32.000 0.000  


98.985 944.810 -- unknown 0.020 0.021 0.012 32.000 0.000  


99.158 945.560 -- unknown 0.026 0.027 0.016 32.000 0.000  


99.549 947.250 A9 n-propylbenzene 0.371 0.317 0.272 318.632 159.240  


99.845 948.530 I10 3,6-dimethyloctane 0.028 0.028 0.017 321.440 160.800  


100.102 949.640 I10 3-methyl-5-ethylheptane 0.048 0.049 0.030 316.760 158.200  


100.238 950.220 -- unknown 0.007 0.008 0.005 32.000 0.000  


100.568 951.630 N10 N10-[3] 0.029 0.027 0.018 32.000 0.000  


101.239 954.490 -- unknown 0.027 0.028 0.017 32.000 0.000  


101.505 955.620 A9 1,3-methylethylbenzene 1.312 1.117 0.961 322.394 161.330  


101.888 957.240 A9 1,4-methylethylbenzene 0.563 0.481 0.412 323.618 162.010  


102.197 958.540 N10 N10-[4] 0.031 0.029 0.020 32.000 0.000  


102.356 959.210 -- unknown 0.003 0.004 0.002 32.000 0.000  


102.761 960.910 -- unknown 0.002 0.002 0.001 32.000 0.000  


102.945 961.670 -- unknown 0.011 0.012 0.030 32.000 0.000  


103.232 962.870 A9 1,3,5-trimethylbenzene 0.700 0.595 0.512 328.532 164.740  


103.497 963.970 I10 I10-[5] 0.044 0.043 0.027 32.000 0.000  


103.764 965.080 N10 N10-[5] 0.019 0.018 0.012 32.000 0.000  


103.956 965.870 -- unknown 0.006 0.007 0.004 32.000 0.000  


104.194 966.850 I10 I10-[6] 0.003 0.003 0.002 32.000 0.000  


104.510 968.150 I10 5-methylnonane 0.054 0.055 0.034 329.180 165.100  


104.915 969.810 I10 4-methylnonane 0.448 0.445 0.277 32.000 0.000  


105.259 971.210 A9 1,2-methylethylbenzene 0.417 0.349 0.306 329.324 165.180  


105.445 971.970 I10 2-methylnonane 0.129 0.131 0.080 332.654 167.030  


105.582 972.530 -- unknown 0.012 0.012 0.007 32.000 0.000  


105.867 973.680 -- unknown 0.012 0.013 0.007 32.000 0.000  


106.098 974.620 I10 3-ethyloctane 0.029 0.028 0.018 331.700 166.500  


106.188 974.980 -- unknown 0.014 0.014 0.008 32.000 0.000  


106.470 976.120 N10 N10-[6] 0.025 0.023 0.015 32.000 0.000  


106.801 977.450 I10 3-methylnonane 0.158 0.158 0.097 334.040 167.800   
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107.023 978.340 -- unknown 0.006 0.007 0.004 32.000 0.000  


107.366 979.710 N10 N10-[7] 0.003 0.003 0.002 32.000 0.000  


107.544 980.420 I10 I10-[7] 0.100 0.100 0.062 32.000 0.000  


107.816 981.500 I10 I10-[8] 0.009 0.008 0.005 32.000 0.000  


108.102 982.630 -- unknown 0.011 0.012 0.007 32.000 0.000  


108.563 984.450 A9 1,2,4-trimethylbenzene 2.041 1.716 1.495 336.884 169.380  


108.797 985.370 -- unknown 0.007 0.008 0.005 32.000 0.000  


108.981 986.100 I10 I10-[9] 0.012 0.012 0.008 32.000 0.000  


109.080 986.480 N10 i-butylcyclohexane 0.036 0.033 0.022 340.340 171.300  


109.268 987.220 -- unknown 0.027 0.029 0.017 32.000 0.000  


109.385 987.680 I10 I10-[10] 0.049 0.048 0.030 32.000 0.000  


109.669 988.790 I10 I10-[11] 0.020 0.020 0.012 32.000 0.000  


109.809 989.340 I10 I10-[12] 0.013 0.013 0.008 32.000 0.000  


110.163 990.710 N10 N10-[8] 0.024 0.022 0.015 32.000 0.000  


110.409 991.670 -- unknown 0.003 0.003 0.002 32.000 0.000  


110.794 993.150 O10 decene-1 0.003 0.003 0.002 339.080 170.600  


110.923 993.650 N10 1t-methyl-2-n-propylcyclohexane 0.010 0.009 0.006 339.800 171.000  


111.051 994.140 O10 2,3-dimethyloctene-2 0.069 0.068 0.043 32.000 0.000  


111.178 994.630 I10 I10-[13] 0.015 0.014 0.009 32.000 0.000  


111.468 995.740 -- unknown 0.004 0.004 0.002 32.000 0.000  


111.603 996.260 A10 i-butylbenzene 0.054 0.047 0.036 343.022 172.790  


111.842 997.180 I10 I10-[14] 0.040 0.040 0.025 32.000 0.000  


112.120 998.240 A10 sec-butylbenzene 0.038 0.032 0.025 344.012 173.340  


112.367 999.180 -- unknown 0.009 0.009 0.006 32.000 0.000  


112.583 1000.000 P10 n-decane 0.207 0.208 0.128 345.470 174.150  


112.824 1001.530 I11 I11-[1] 0.029 0.029 0.016 32.000 0.000  


113.176 1003.740 N10 N10-[9] 0.018 0.017 0.011 32.000 0.000  


113.588 1006.330 -- unknown 0.006 0.006 0.004 32.000 0.000  


113.827 1007.830 A9 1,2,3-trimethylbenzene 0.400 0.329 0.293 349.016 176.120  


113.987 1008.830 -- unknown 0.008 0.009 0.006 32.000 0.000  


114.272 1010.610 A10 1,3-methyl-i-propylbenzene 0.044 0.038 0.029 347.144 175.080   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 17 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


114.709 1013.330 -- unknown 0.010 0.010 0.027 32.000 0.000  


114.831 1014.090 A10 1,4-methyl-i-propylbenzene 0.026 0.022 0.017 350.834 177.130  


114.992 1015.080 -- unknown 0.003 0.003 0.002 32.000 0.000  


115.302 1017.000 I11 I11-[2] 0.028 0.028 0.016 32.000 0.000  


115.570 1018.650 I11 I11-[3] 0.013 0.013 0.007 32.000 0.000  


115.864 1020.460 A10 2-3-dihydroindene 0.278 0.213 0.207 352.130 177.850  


116.229 1022.700 -- unknown 0.020 0.021 0.015 32.000 0.000  


116.475 1024.200 N10 sec-butylcyclohexane 0.043 0.039 0.027 354.812 179.340  


116.709 1025.630 I11 I11-[4] 0.009 0.009 0.005 32.000 0.000  


117.057 1027.750 A10 1,2-methyl-i-propylbenzene 0.075 0.063 0.049 352.724 178.180  


117.202 1028.630 I11 3-ethylnonane 0.005 0.005 0.003 32.000 0.000  


117.317 1029.320 -- unknown 0.004 0.004 0.002 32.000 0.000  


117.629 1031.210 -- unknown 0.068 0.071 0.038 32.000 0.000  


117.853 1032.560 N11 N11-[1] 0.030 0.028 0.017 32.000 0.000  


117.931 1033.040 -- unknown 0.017 0.018 0.010 32.000 0.000  


118.090 1033.990 I11 I11-[5] 0.016 0.016 0.009 32.000 0.000  


118.227 1034.820 -- unknown 0.003 0.003 0.002 32.000 0.000  


118.603 1037.070 I11 I11-[6] 0.032 0.029 0.018 32.000 0.000  


118.769 1038.070 -- unknown 0.035 0.036 0.020 32.000 0.000  


119.210 1040.700 A10 1,3-diethylbenzene 0.141 0.120 0.093 358.052 181.140  


119.411 1041.900 -- unknown 0.065 0.068 0.043 32.000 0.000  


119.659 1043.370 A10 1,3-methyl-n-propylbenzene 0.286 0.244 0.188 359.618 182.010  


119.832 1044.400 I11 I11-[7] 0.026 0.026 0.015 32.000 0.000  


120.116 1046.080 A10 1,4-diethylbenzene 0.012 0.010 0.008 362.822 183.790  


120.297 1047.150 A10 1,4-methyl-n-propylbenzene 0.179 0.154 0.118 362.156 183.420  


120.471 1048.170 A10 n-butylbenzene 0.086 0.074 0.057 361.940 183.300  


120.880 1050.580 A10 1,3-dimethyl-5-ethylbenzene 0.302 0.253 0.198 362.516 183.620  


121.204 1052.480 A10 1,2-diethylbenzene 0.032 0.027 0.021 362.228 183.460  


121.347 1053.320 I11 I11-[8] 0.018 0.018 0.010 32.000 0.000  


121.574 1054.650 N10 t-decahydronaphthalene 0.009 0.009 0.005 368.960 187.200  


121.823 1056.100 N11 N11-[2] 0.017 0.016 0.010 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 18 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


122.084 1057.620 -- unknown 0.012 0.012 0.007 32.000 0.000  


122.246 1058.560 A10 1,2-methyl-n-propylbenzene 0.100 0.085 0.066 364.946 184.970  


122.623 1060.740 I11 I11-[9] 0.011 0.011 0.006 32.000 0.000  


122.753 1061.490 I11 I11-[10] 0.073 0.073 0.041 32.000 0.000  


122.965 1062.710 I11 I11-[11] 0.039 0.038 0.022 32.000 0.000  


123.049 1063.200 -- unknown 0.010 0.010 0.006 32.000 0.000  


123.269 1064.470 -- unknown 0.003 0.003 0.002 32.000 0.000  


123.471 1065.630 I11 I11-[12] 0.049 0.048 0.027 32.000 0.000  


123.730 1067.110 -- unknown 0.009 0.010 0.005 32.000 0.000  


124.019 1068.770 A10 1,4,dimethyl-2-ethylbenzene 0.219 0.184 0.144 368.366 186.870  


124.290 1070.320 A10 1,3-dimethyl-4-ethylbenzene 0.274 0.235 0.180 370.832 188.240  


124.555 1071.820 I11 I11-[13] 0.004 0.004 0.002 32.000 0.000  


124.862 1073.570 -- unknown 0.008 0.009 0.005 32.000 0.000  


125.122 1075.040 I11 I11-[14] 0.150 0.149 0.084 32.000 0.000  


125.289 1075.990 A10 1,2-dimethyl-4-ethylbenzene 0.301 0.254 0.198 373.136 189.520  


125.600 1077.740 -- unknown 0.009 0.010 0.006 32.000 0.000  


125.886 1079.360 -- unknown 0.012 0.013 0.008 32.000 0.000  


125.959 1079.770 I11 I11-[15] 0.005 0.005 0.003 32.000 0.000  


126.262 1081.470 A10 1,3-dimethyl-2-ethylbenzene 0.051 0.042 0.033 374.090 190.050  


126.417 1082.340 I11 I11-[16] 0.018 0.018 0.010 32.000 0.000  


126.745 1084.170 -- unknown 0.018 0.019 0.010 32.000 0.000  


126.946 1085.290 I11 I11-[17] 0.009 0.009 0.005 32.000 0.000  


127.176 1086.580 -- unknown 0.016 0.017 0.009 32.000 0.000  


127.489 1088.320 -- unknown 0.007 0.008 0.004 32.000 0.000  


127.585 1088.850 -- unknown 0.013 0.014 0.007 32.000 0.000  


127.857 1090.360 O11 undecene-1 0.021 0.021 0.012 378.860 192.700  


128.195 1092.220 A11 1,4-methyl-t-butylbenzene 0.038 0.033 0.022 32.000 0.000  


128.469 1093.740 A10 1,2-dimethyl-3-ethylbenzene 0.084 0.069 0.055 381.110 193.950  


128.811 1095.620 -- unknown 0.007 0.007 0.005 32.000 0.000  


129.088 1097.140 -- unknown 0.014 0.015 0.009 32.000 0.000  


129.165 1097.560 A11 1,2-ethyl-i-propylbenzene 0.009 0.007 0.005 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 19 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


129.334 1098.480 -- unknown 0.007 0.007 0.004 32.000 0.000  


129.611 1100.000 P11 n-undecane 0.110 0.109 0.062 384.620 195.900  


129.808 1101.470 -- unknown 0.009 0.009 0.005 32.000 0.000  


129.918 1102.300 A11 1,4-ethyl-i-propylbenzene 0.003 0.002 0.002 32.000 0.000  


130.345 1105.490 A10 1,2,4,5-tetramethylbenzene 0.174 0.144 0.114 386.312 196.840  


130.521 1106.800 A11 1,2-methyl-n-butylbenzene 0.003 0.002 0.002 390.200 199.000  


130.716 1108.250 -- unknown 0.007 0.007 0.004 32.000 0.000  


130.886 1109.520 A10 1,2,3,5-tetramethylbenzene 0.235 0.195 0.154 388.472 198.040  


131.043 1110.680 -- unknown 0.006 0.006 0.004 32.000 0.000  


131.375 1113.140 -- unknown 0.012 0.013 0.008 32.000 0.000  


131.569 1114.570 -- unknown 0.008 0.008 0.005 32.000 0.000  


131.876 1116.840 -- unknown 0.022 0.023 0.015 32.000 0.000  


132.319 1120.100 -- unknown 0.015 0.016 0.010 32.000 0.000  


132.477 1121.260 -- unknown 0.016 0.016 0.010 32.000 0.000  


133.021 1125.240 A11 1,2-methyl-t-butylbenzene 0.007 0.006 0.004 32.000 0.000  


133.117 1125.940 -- unknown 0.012 0.013 0.007 32.000 0.000  


133.428 1128.210 A10 5-methylindan 0.206 0.171 0.137 32.000 0.000  


133.774 1130.720 I12 I12-[1] 0.050 0.049 0.026 421.340 216.300  


134.166 1133.560 -- unknown 0.007 0.007 0.004 32.000 0.000  


134.297 1134.510 A10 4-methylindan 0.052 0.043 0.035 32.000 0.000  


134.675 1137.240 A11 1,2-ethyl-n-propylbenzene 0.070 0.058 0.042 32.000 0.000  


134.927 1139.050 A10 2-methylindan 0.198 0.161 0.132 368.600 187.000  


135.138 1140.570 A11 1,3-methyl-n-butylbenzene 0.009 0.008 0.006 390.200 199.000  


135.394 1142.410 -- unknown 0.006 0.007 0.004 32.000 0.000  


135.541 1143.460 A12 1,3-di-i-propylbenzene 0.066 0.055 0.036 397.760 203.200  


135.753 1144.980 A11 s-pentylbenzene 0.063 0.052 0.038 401.000 205.000  


136.181 1148.030 -- unknown 0.003 0.003 0.002 32.000 0.000  


136.328 1149.070 -- unknown 0.015 0.015 0.009 32.000 0.000  


136.438 1149.860 A11 n-pentylbenzene 0.050 0.041 0.030 401.720 205.400  


136.510 1150.370 -- unknown 0.025 0.026 0.015 32.000 0.000  


136.798 1152.420 N12 1t-M-2-(4-MP)cyclopentane 0.005 0.004 0.002 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 20 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


136.996 1153.810 A12 1,2-di-i-propylbenzene 0.029 0.024 0.016 399.200 204.000  


137.141 1154.850 -- unknown 0.028 0.029 0.015 32.000 0.000  


137.625 1158.260 -- unknown 0.041 0.043 0.022 32.000 0.000  


137.887 1160.100 A12 1,4-di-i-propylbenzene 0.051 0.042 0.028 410.540 210.300  


138.172 1162.110 -- unknown 0.007 0.008 0.004 32.000 0.000  


138.348 1163.340 A10 tetrahydronaphthalene 0.019 0.014 0.013 405.716 207.620  


138.493 1164.360 -- unknown 0.008 0.008 0.005 32.000 0.000  


138.711 1165.880 -- unknown 0.004 0.004 0.003 32.000 0.000  


138.885 1167.100 I12 I12-[2] 0.056 0.054 0.029 421.340 216.300  


139.182 1169.170 A10 naphthalene 0.170 0.122 0.117 424.382 217.990  


139.506 1171.420 A12 1-t-butyl-3,5-dimethylbenzene 0.004 0.003 0.002 32.000 0.000  


139.848 1173.790 A12 1,4-ethyl-t-butylbenzene 0.077 0.064 0.042 32.000 0.000  


140.252 1176.590 -- unknown 0.027 0.029 0.015 32.000 0.000  


140.542 1178.590 I12 I12-[3] 0.057 0.056 0.030 421.340 216.300  


140.774 1180.180 I12 I12-[4] 0.033 0.032 0.017 421.340 216.300  


141.110 1182.500 -- unknown 0.007 0.007 0.004 32.000 0.000  


141.357 1184.190 I12 I12-[5] 0.034 0.033 0.017 421.340 216.300  


141.603 1185.870 -- unknown 0.012 0.012 0.006 32.000 0.000  


141.896 1187.880 I12 I12-[6] 0.035 0.034 0.018 421.340 216.300  


142.096 1189.230 A12 1,3-di-n-propylbenzene 0.041 0.034 0.022 32.000 0.000  


142.336 1190.870 A12 A12-[1] 0.025 0.021 0.014 32.000 0.000  


142.553 1192.350 O12 dodecene-1 0.006 0.006 0.003 416.120 213.400  


142.913 1194.790 -- unknown 0.007 0.008 0.004 32.000 0.000  


143.255 1197.100 -- unknown 0.005 0.005 0.002 32.000 0.000  


143.558 1199.140 A12 A12-[2] 0.020 0.016 0.011 32.000 0.000  


143.684 1200.000 P12 n-dodecane 0.047 0.046 0.024 421.340 216.300  


143.947 1202.210 -- unknown 0.003 0.003 0.002 32.000 0.000  


144.227 1204.560 -- unknown 0.013 0.013 0.007 32.000 0.000  


144.313 1205.290 -- unknown 0.005 0.005 0.002 32.000 0.000  


144.763 1209.060 -- unknown 0.012 0.013 0.006 32.000 0.000  


144.987 1210.930 -- unknown 0.006 0.006 0.003 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 21 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


145.186 1212.590 A12 1,3,5-triethylbenzene 0.003 0.003 0.002 420.800 216.000  


145.372 1214.140 -- unknown 0.007 0.008 0.004 32.000 0.000  


145.716 1217.010 -- unknown 0.022 0.023 0.012 32.000 0.000  


145.890 1218.450 -- unknown 0.013 0.014 0.007 32.000 0.000  


146.207 1221.080 -- unknown 0.003 0.003 0.002 32.000 0.000  


146.498 1223.480 -- unknown 0.018 0.019 0.010 32.000 0.000  


146.736 1225.450 -- unknown 0.017 0.018 0.009 32.000 0.000  


146.808 1226.050 -- unknown 0.008 0.008 0.004 32.000 0.000  


147.108 1228.510 -- unknown 0.004 0.005 0.002 32.000 0.000  


147.205 1229.310 -- unknown 0.013 0.014 0.007 32.000 0.000  


147.507 1231.790 A12 1,2,4-triethylbenzene 0.014 0.011 0.007 423.500 217.500  


147.728 1233.610 -- unknown 0.005 0.005 0.003 32.000 0.000  


148.088 1236.540 -- unknown 0.004 0.004 0.002 32.000 0.000  


148.189 1237.370 -- unknown 0.005 0.005 0.002 32.000 0.000  


148.231 1237.720 -- unknown 0.008 0.008 0.004 32.000 0.000  


148.467 1239.640 -- unknown 0.001 0.002 0.001 32.000 0.000  


148.803 1242.370 A12 1,4-methyl-n-pentylbenzene 0.036 0.030 0.020 32.000 0.000  


149.087 1244.680 -- unknown 0.009 0.010 0.005 32.000 0.000  


149.242 1245.940 -- unknown 0.004 0.004 0.002 32.000 0.000  


149.379 1247.050 -- unknown 0.003 0.003 0.002 32.000 0.000  


149.669 1249.390 -- unknown 0.004 0.005 0.002 32.000 0.000  


149.951 1251.670 -- unknown 0.006 0.006 0.003 32.000 0.000  


150.150 1253.270 -- unknown 0.008 0.008 0.004 32.000 0.000  


150.534 1256.360 A12 n-hexylbenzene 0.020 0.017 0.011 32.000 0.000  


150.626 1257.100 -- unknown 0.020 0.021 0.011 32.000 0.000  


150.997 1260.070 -- unknown 0.011 0.012 0.006 32.000 0.000  


151.255 1262.140 -- unknown 0.005 0.005 0.003 32.000 0.000  


151.501 1264.100 -- unknown 0.005 0.005 0.003 32.000 0.000  


151.660 1265.370 -- unknown 0.003 0.003 0.002 32.000 0.000  


151.849 1266.870 -- unknown 0.006 0.006 0.003 32.000 0.000  


151.917 1267.420 -- unknown 0.009 0.009 0.005 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:18:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\104F0401.D\104F0401.CDF   Acquired: 10/31/20 06:07:04 


Sample: ODDB:54927     Analyzed: 11/2/2020 9:17:20 PM 


Processed 627 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 22 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


152.209 1269.740 -- unknown 0.011 0.011 0.006 32.000 0.000  


152.638 1273.140 I13 I13-[1] 0.008 0.008 0.004 455.720 235.400  


152.827 1274.640 A11 1,2,3,4,5-pentamethylbenzene 0.024 0.017 0.014 449.600 232.000  


153.057 1276.450 -- unknown 0.009 0.009 0.005 32.000 0.000  


153.571 1280.500 -- unknown 0.006 0.006 0.003 32.000 0.000  


153.924 1283.270 A11 2-methylnaphthalene 0.095 0.068 0.058 465.890 241.050  


154.413 1287.110 -- unknown 0.010 0.010 0.006 32.000 0.000  


154.562 1288.270 -- unknown 0.002 0.002 0.001 32.000 0.000  


154.704 1289.380 -- unknown 0.003 0.003 0.002 32.000 0.000  


154.909 1290.970 O13 tridecene-1 0.007 0.007 0.003 451.040 232.800  


155.340 1294.330 -- unknown 0.001 0.002 0.001 32.000 0.000  


155.505 1295.610 -- unknown 0.003 0.003 0.001 32.000 0.000  


155.576 1296.170 -- unknown 0.002 0.002 0.001 32.000 0.000  


155.877 1298.500 A11 1-methylnaphthalene 0.037 0.027 0.023 472.352 244.640  


156.070 1300.000 P13 n-tridecane 0.009 0.009 0.005 455.720 235.400  


156.182 1301.000 + C14+ (Summarized) 0.390 0.376 0.173 455.720 235.400  
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Detailed Hydrocarbon Analysis Summary Report - Report Date: 11/2/2020 9:31:33 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928 Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Location: GC 12 D6730 
Normalized to 100.000% 
 


  


 
  SUMMARY REPORT  


 Group Type Total(Mass%)  Total(Vol%) Total(Mol%) 


 Paraffins: 7.424  8.357 7.222 


 I-Paraffins: 37.199  40.616 31.946 


 Olefins: 3.891  4.198 3.984 


 Naphthenes: 11.435  11.078 9.630 


 Aromatics: 21.894  18.533 16.710 


 Total C14+: 0.355  0.344 0.149 


Total Unknowns: 1.645  1.738 1.142 


      


Oxygenates:      


Total:  16.156(Mass%) 15.136(Vol%)  


Total Oxygen Content: 5.611(Mass%)    


Multisubstituted Aromatics: 13.900(Mass%) 11.798(Vol%)  


Average Molecular Weight: 83.316     


Relative Density: 0.739      


Vapor Pressure :      


Calculated Octane Number: 86.8     


Motor Octane Number (Jenkins Calculation): 78.7    


 IBP T10 T50 T90 FBP 


BP by Mass (Deg F) 31.10 173.30 197.33 329.32 465.89 


BP by Vol (Deg F) 31.10 173.30 197.33 329.32 449.60 


Percent Carbon: 82.918  Percent Hydrogen: 11.471  
Bromine Number (Calc): 7.285 


Particulate Matter Index: 1.074 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:32:01 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928 Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


 
 
 


 


Oxygenates     


Compound Mass% Mass% Oxygen Vol% 


ethanol : X2 16.156 5.611 15.136 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:32:01 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928 Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


  
 
Totals by Group Type & Carbon Number (in Mass Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.002 0.000  0.000 0.000 0.000 0.000 0.002 


C4 0.472 0.097  0.045 0.000 0.000 0.001 0.615 


C5 2.364 6.598  1.633 0.323 0.000 0.001 10.919 


C6 1.781 7.437  1.133 3.087 0.681 0.041 14.160 


C7 1.303 8.108  0.727 3.698 4.466 0.006 18.309 


C8 0.787 9.331  0.068 2.685 7.182 0.211 20.264 


C9 0.368 3.193  0.186 1.306 5.506 0.192 10.752 


C10 0.193 1.696  0.067 0.293 3.332 0.264 5.844 


C11 0.102 0.488  0.019 0.039 0.369 0.356 1.374 


C12 0.043 0.244  0.005 0.004 0.358 0.288 0.941 


C13 0.009 0.008  0.007 0.000 0.000 0.285 0.309 


Total: 7.424 37.199  3.891 11.435 21.894 1.645 81.844 


 Oxygenates 16.156  Total C14+: 0.355   


 Total Unknowns: 1.645  Grand Total: 100.000   
 


 


Totals by Group Type & Carbon Number (in Volume Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.002 0.000  0.000 0.000 0.000 0.000 0.002 


C4 0.603 0.129  0.054 0.000 0.000 0.001 0.787 


C5 2.791 7.872  1.828 0.320 0.000 0.001 12.812 


C6 1.997 8.359  1.192 3.018 0.573 0.044 15.182 


C7 1.409 8.749  0.759 3.617 3.808 0.007 18.348 


C8 0.828 9.788  0.069 2.576 6.119 0.223 19.602 


C9 0.379 3.282  0.198 1.236 4.673 0.203 9.971 


C10 0.195 1.706  0.067 0.270 2.771 0.278 5.287 


C11 0.102 0.485  0.019 0.036 0.293 0.376 1.311 


C12 0.042 0.239  0.005 0.004 0.297 0.304 0.891 


C13 0.009 0.007  0.007 0.000 0.000 0.301 0.324 


Total: 8.357 40.616  4.198 11.078 18.533 1.738 82.783 


 Oxygenates 15.136  Total C14+: 0.344   


 Total Unknowns: 1.738  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:32:01 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928 Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Comments: 
Normalized to 100.000% 
 


  
 
Totals by Group Type & Carbon Number (in Mol Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.001 0.000  0.000 0.000 0.000 0.000 0.001 


C2 0.001 0.000  0.000 0.000 0.000 0.000 0.001 


C3 0.003 0.000  0.000 0.000 0.000 0.000 0.003 


C4 0.677 0.140  0.067 0.000 0.000 0.001 0.884 


C5 2.730 7.619  1.944 0.384 0.000 0.001 12.678 


C6 1.722 7.190  1.128 3.056 0.726 0.106 13.928 


C7 1.084 6.742  0.616 3.138 4.038 0.006 15.624 


C8 0.574 6.806  0.050 1.994 5.636 0.159 15.218 


C9 0.239 2.074  0.123 0.862 3.817 0.160 7.275 


C10 0.113 0.993  0.040 0.174 2.099 0.179 3.597 


C11 0.055 0.260  0.010 0.021 0.210 0.222 0.779 


C12 0.021 0.119  0.003 0.002 0.184 0.160 0.488 


C13 0.004 0.003  0.003 0.000 0.000 0.147 0.158 


Total: 7.222 31.946  3.984 9.630 16.710 1.142 69.491 


 Oxygenates 29.218  Total C14+: 0.149   


 Total Unknowns: 1.142  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis - Dienes (Di-Olefins) Detail Report - Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks        


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha    


Comments:      Normalized to 100.000%   


Hold         
      


   Diene Components Listed in Chromatographic Order Page: 5 


Minutes Index Group Component Mass % Volume % Mol %   
         


8.989 395.150 O4 1,3-butadiene 0.000 0.000 0.000   


13.018 481.230 O5 1,4-pentadiene 0.001 0.001 0.001   


14.847 506.130 O5 2-methylbutadiene-1,3 0.007 0.007 0.008   


16.185 527.960 O5 1t,3-pentadiene 0.007 0.008 0.009   


16.884 538.210 O5 cyclopentadiene 0.005 0.006 0.006   


20.389 581.030 O6 1,5-hexadiene 0.000 0.000 0.000   


21.988 597.090 O6 1c/t,4-hexadiene 0.000 0.000 0.000   


25.273 632.950 O7 cyclic diolefin or triolefin-[1] 0.002 0.002 0.002   


25.835 638.590 O7 cyclic diolefin or triolefin-[2] 0.006 0.007 0.007   


28.352 661.960 O6 diolefin (hexadiene) 0.003 0.003 0.003   


36.536 720.930 N8 1,1,3-trimethylcyclopentane 0.162 0.160 0.120   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 6 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


6.434 100.000 P1 methane 0.000 0.000 0.001 -258.700 -161.500  


6.620 200.000 P2 ethane 0.000 0.000 0.001 -127.480 -88.600  


7.114 293.500 O3 propylene 0.000 0.000 0.000 -53.896 -47.720  


7.175 300.000 P3 propane 0.002 0.002 0.003 -43.672 -42.040  


8.190 366.110 I4 i-butane 0.097 0.129 0.140 10.904 -11.720  


8.341 372.460 -- unknown 0.000 0.000 0.001 32.000 0.000  


8.700 385.850 -- unknown 0.000 0.000 0.000 32.000 0.000  


8.827 390.070 O4 butene-1 0.002 0.003 0.003 20.750 -6.250  


8.878 391.710 O4 isobutylene 0.003 0.004 0.004 20.750 -6.250  


8.989 395.150 O4 1,3-butadiene 0.000 0.000 0.000 24.062 -4.410  


9.153 400.000 P4 n-butane 0.472 0.603 0.677 31.100 -0.500  


9.544 412.290 O4 t-butene-2 0.017 0.021 0.025 33.584 0.880  


9.641 415.130 I5 2,2-dimethylpropane 0.003 0.004 0.004 49.100 9.500  


9.863 421.260 -- unknown 0.001 0.001 0.001 32.000 0.000  


10.129 428.120 O4 c-butene-2 0.023 0.027 0.034 38.696 3.720  


11.757 461.660 X2 ethanol 16.156 15.136 29.218 173.300 78.500  


12.772 477.720 I5 i-pentane 6.595 7.868 7.616 82.112 27.840  


13.018 481.230 O5 1,4-pentadiene 0.001 0.001 0.001 78.728 25.960  


13.745 490.880 O5 pentene-1 0.116 0.134 0.138 85.928 29.960  


14.221 496.690 O5 2-methylbutene-1 0.268 0.305 0.319 88.070 31.150  


14.505 500.000 P5 n-pentane 2.364 2.791 2.730 96.908 36.060  


14.847 506.130 O5 2-methylbutadiene-1,3 0.007 0.007 0.008 93.308 34.060  


15.094 510.410 O5 t-pentene-2 0.350 0.399 0.416 97.412 36.340  


15.465 516.610 O5 3,3-dimethylbutene-1 0.005 0.005 0.006 106.232 41.240  


15.635 519.360 O5 c-pentene-2 0.194 0.219 0.231 98.474 36.930  


15.794 521.910 -- unknown 0.000 0.000 0.001 32.000 0.000  


15.972 524.700 O5 2-methylbutene-2 0.585 0.652 0.694 101.408 38.560  


16.185 527.960 O5 1t,3-pentadiene 0.007 0.008 0.009 107.636 42.020  


16.305 529.780 -- unknown 0.001 0.001 0.001 32.000 0.000  


16.884 538.210 O5 cyclopentadiene 0.005 0.006 0.006 32.000 0.000  


17.013 540.020 I6 2,2-dimethylbutane 0.419 0.477 0.405 121.514 49.730  
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 7 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


18.312 557.160 O5 cyclopentene 0.095 0.091 0.117 111.614 44.230  


18.678 561.660 O6 4-methylpentene-1 0.022 0.025 0.022 128.948 53.860  


18.747 562.490 O6 3-methylpentene-1 0.037 0.041 0.036 129.506 54.170  


19.103 566.710 N5 cyclopentane 0.323 0.320 0.384 120.650 49.250  


19.290 568.880 I6 2,3-dimethylbutane 1.275 1.425 1.233 136.364 57.980  


19.446 570.670 -- unknown 0.040 0.043 0.105 32.000 0.000  


19.566 572.030 O6 2,3-dimethylbutene-1 0.019 0.021 0.019 132.098 55.610  


19.703 573.570 I6 2-methylpentane 3.538 4.005 3.421 140.468 60.260  


19.834 575.020 O6 4-methyl-t-pentene-2 0.065 0.071 0.064 137.480 58.600  


20.389 581.030 O6 1,5-hexadiene 0.000 0.000 0.000 139.010 59.450  


20.808 585.420 I6 3-methylpentane 2.204 2.452 2.131 145.886 63.270  


21.260 590.000 O6 2-methylpentene-1 0.107 0.115 0.106 143.780 62.100  


21.350 590.900 O6 hexene-1 0.046 0.050 0.045 146.246 63.470  


21.988 597.090 O6 1c/t,4-hexadiene 0.000 0.000 0.000 149.000 65.000  


22.295 600.000 P6 n-hexane 1.781 1.997 1.722 155.714 68.730  


22.520 602.700 O6 t-hexene-3 0.070 0.076 0.069 152.744 67.080  


22.587 603.480 O6 c-hexene-3 0.023 0.025 0.023 151.592 66.440  


22.739 605.280 O6 t-hexene-2 0.137 0.149 0.136 154.184 67.880  


22.942 607.650 O6 2-methylpentene-2 0.174 0.187 0.173 153.140 67.300  


23.021 608.570 O6 4-methylcyclopentene 0.047 0.045 0.048 148.820 64.900  


23.183 610.430 O6 3-methyl-c-pentene-2 0.106 0.112 0.105 153.842 67.690  


23.306 611.830 O6 3-methylcyclopentene 0.025 0.024 0.026 149.000 65.000  


23.415 613.070 O6 O6-[1] 0.000 0.000 0.000 32.000 0.000  


23.546 614.540 O6 c-hexene-2 0.074 0.079 0.074 155.984 68.880  


23.783 617.170 O6 O6-[2] 0.001 0.001 0.001 32.000 0.000  


24.112 620.760 O7 3,3-dimethylpentene-1 0.163 0.172 0.139 171.446 77.470  


24.244 622.190 -- unknown 0.001 0.001 0.002 32.000 0.000  


24.304 622.840 O7 4,4-dimethyl-t-pentene-2 0.002 0.002 0.002 170.114 76.730  


24.407 623.940 I7 2,2-dimethylpentane 0.098 0.107 0.081 174.542 79.190  


24.623 626.230 N6 methylcyclopentane 2.307 2.278 2.284 161.240 71.800  


25.034 630.510 I7 2,4-dimethylpentane 1.442 1.585 1.199 176.882 80.490   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 8 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


25.273 632.950 O7 cyclic diolefin or triolefin-[1] 0.002 0.002 0.002 32.000 0.000  


25.455 634.800 I7 2,2,3-trimethylbutane 0.046 0.049 0.038 177.584 80.880  


25.622 636.470 -- unknown 0.002 0.002 0.002 32.000 0.000  


25.835 638.590 O7 cyclic diolefin or triolefin-[2] 0.006 0.007 0.007 32.000 0.000  


26.173 641.890 O7 O7-[1] 0.002 0.002 0.002 32.000 0.000  


26.283 642.960 O7 3,4-dimethylpentene-1 0.006 0.006 0.005 177.422 80.790  


26.655 646.520 O7 4,4-dimethyl-c-pentene-2 0.008 0.008 0.007 176.756 80.420  


26.801 647.900 O7 2,4-dimethylpentene-1 0.008 0.008 0.007 178.880 81.600  


26.903 648.850 O6 1-methylcyclopentene 0.177 0.167 0.179 167.864 75.480  


27.103 650.710 A6 benzene 0.681 0.573 0.726 176.162 80.090  


27.285 652.400 O7 2-methyl-c-hexene-3 0.004 0.004 0.003 186.800 86.000  


27.500 654.360 I7 3,3-dimethylpentane 0.092 0.098 0.076 186.908 86.060  


27.600 655.270 O7 5-methylhexene-1 0.009 0.010 0.008 185.558 85.310  


27.793 657.010 -- unknown 0.003 0.004 0.003 32.000 0.000  


27.927 658.210 N6 cyclohexane 0.780 0.740 0.772 177.296 80.720  


28.222 660.820 O7 2-methyl-t-hexene-3 0.016 0.017 0.014 186.620 85.900  


28.352 661.960 O6 diolefin (hexadiene) 0.003 0.003 0.003 158.000 70.000  


28.444 662.760 O7 2-ethyl-3-methylbutene-1 0.006 0.006 0.005 187.448 86.360  


28.571 663.870 O7 4-methylhexene-1 0.013 0.014 0.011 188.114 86.730  


28.884 666.550 O7 4-methyl-t/c-hexene-2 0.027 0.028 0.023 187.358 86.310  


29.040 667.880 I7 2-methylhexane 1.883 2.051 1.566 194.090 90.050  


29.203 669.260 I7 2,3-dimethylpentane 2.443 2.598 2.031 193.604 89.780  


29.486 671.630 N7 1,1-dimethylcyclopentane 0.072 0.070 0.061 189.464 87.480  


29.808 674.290 O7 5-methyl-t-hexene-2 0.022 0.023 0.018 190.598 88.110  


30.021 676.020 I7 3-methylhexane 1.925 2.071 1.600 197.330 91.850  


30.450 679.480 O7 3,4-dimethyl-c-pentene-2 0.012 0.012 0.010 192.650 89.250  


30.758 681.920 N7 1c,3-dimethylcyclopentane 0.656 0.651 0.557 195.386 90.770  


31.111 684.690 N7 1t,3-dimethylcyclopentane 0.583 0.576 0.495 197.096 91.720  


31.287 686.050 I7 3-ethylpentane 0.179 0.190 0.149 200.246 93.470  


31.477 687.510 N7 1t,2-dimethylcyclopentane 0.571 0.562 0.485 197.366 91.870  


31.659 688.890 I8 2,2,4-trimethylpentane 2.672 2.855 1.949 210.632 99.240   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 9 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


31.751 689.590 O7 2-ethylpentene-1 0.008 0.008 0.007 200.552 93.640  


32.211 693.040 O7 O7-[2] 0.001 0.001 0.001 32.000 0.000  


32.450 694.810 O7 3-methyl-c-hexene-3 0.020 0.021 0.017 203.720 95.400  


32.987 698.720 O7 t-heptene-3 0.074 0.078 0.063 204.206 95.670  


33.163 700.000 P7 n-heptane 1.303 1.409 1.084 209.156 98.420  


33.461 701.950 O7 2-methyl-2-hexene 0.078 0.081 0.066 203.738 95.410  


33.616 702.950 O7 3-methyl-t-hexene-3 0.029 0.031 0.025 200.372 93.540  


33.860 704.530 O7 t-heptene-2 0.029 0.030 0.025 208.310 97.950  


34.089 705.990 O7 3-ethylpentene-2 0.020 0.020 0.017 204.818 96.010  


34.574 709.050 O7 c-heptene-2 0.074 0.076 0.062 209.138 98.410  


34.767 710.260 O7 3-methyl-t-hexene-2 0.001 0.001 0.001 203.324 95.180  


35.095 712.280 O7 2,3-dimethylpentene-2 0.031 0.032 0.027 207.320 97.400  


35.326 713.700 O7 3-ethylcyclopentene 0.004 0.003 0.003 207.986 97.770  


35.420 714.270 -- unknown 0.000 0.001 0.000 32.000 0.000  


35.719 716.080 O7 O7-[3] 0.006 0.006 0.005 32.000 0.000  


35.981 717.650 N7 1c,2-dimethylcyclopentane 0.257 0.259 0.218 211.154 99.530  


36.112 718.420 N7 methylcyclohexane 1.235 1.187 1.048 213.674 100.930  


36.424 720.270 I8 2,2-dimethylhexane 0.045 0.048 0.033 224.312 106.840  


36.536 720.930 N8 1,1,3-trimethylcyclopentane 0.162 0.160 0.120 220.802 104.890  


36.847 722.740 -- unknown 0.009 0.009 0.006 32.000 0.000  


36.948 723.320 O7 O7-[4] 0.003 0.003 0.002 32.000 0.000  


37.145 724.450 O7 O7-[5] 0.004 0.005 0.004 32.000 0.000  


37.287 725.260 -- unknown 0.001 0.001 0.001 32.000 0.000  


37.503 726.490 O7 O7-[6] 0.007 0.007 0.006 32.000 0.000  


38.005 729.320 N7 ethylcyclopentane 0.324 0.313 0.275 218.246 103.470  


38.129 730.010 I8 2,5-dimethylhexane 0.548 0.584 0.400 228.398 109.110  


38.317 731.050 I8 2,2,3-trimethylpentane 0.105 0.109 0.077 229.730 109.850  


38.466 731.870 I8 2,4-dimethylhexane 0.633 0.669 0.462 228.974 109.430  


38.603 732.620 -- unknown 0.010 0.010 0.007 32.000 0.000  


38.816 733.790 -- unknown 0.002 0.002 0.001 32.000 0.000  


38.922 734.360 O7 O7-[7] 0.002 0.002 0.001 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 10 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


39.161 735.650 O7 O7-[8] 0.002 0.002 0.001 32.000 0.000  


39.474 737.330 N8 1c,2t,4-trimethylcyclopentane 0.276 0.268 0.205 242.132 116.740  


39.691 738.480 I8 3,3-dimethylhexane 0.054 0.057 0.040 233.546 111.970  


40.177 741.040 O7 O7-[9] 0.003 0.003 0.003 32.000 0.000  


40.480 742.610 O7 O7-[10] 0.002 0.002 0.001 32.000 0.000  


40.654 743.510 O7 O7-[11] 0.006 0.006 0.005 32.000 0.000  


40.837 744.450 N8 1t,2c,3-trimethylcyclopentane 0.200 0.192 0.148 230.738 110.410  


41.376 747.190 I8 2,3,4-trimethylpentane 1.183 1.216 0.863 236.246 113.470  


41.594 748.290 I8 I8-[1] 0.073 0.075 0.053 236.246 113.470  


41.892 749.770 O7 O7-[12] 0.019 0.020 0.014 32.000 0.000  


42.198 751.280 I8 2,3,3-trimethylpentane 1.116 1.135 0.814 238.586 114.770  


42.628 753.390 A7 toluene 4.466 3.808 4.038 231.134 110.630  


42.749 753.980 O8 O8-[1] 0.004 0.004 0.003 32.000 0.000  


42.938 754.890 O8 O8-[2] 0.001 0.001 0.001 32.000 0.000  


43.079 755.570 O8 O8-[3] 0.005 0.006 0.004 32.000 0.000  


43.191 756.110 -- unknown 0.001 0.001 0.001 32.000 0.000  


43.610 758.100 I8 2,3-dimethylhexane 0.509 0.528 0.371 240.098 115.610  


43.760 758.810 I8 2-methyl-3-ethylpentane 0.081 0.084 0.059 240.098 115.610  


44.088 760.360 N8 1,1,2-trimethylcyclopentane 0.010 0.009 0.007 236.714 113.730  


44.532 762.420 O8 O8-[4] 0.026 0.027 0.020 32.000 0.000  


44.937 764.290 I8 2-methylheptane 0.880 0.932 0.642 243.770 117.650  


45.253 765.720 I8 4-methylheptane 0.335 0.352 0.245 243.878 117.710  


45.514 766.910 I8 3-methyl-3-ethylpentane 0.067 0.069 0.049 240.098 115.610  


45.619 767.380 I8 3,4-dimethylhexane 0.085 0.087 0.062 243.914 117.730  


46.239 770.140 N8 1c,2c,4-trimethylcyclopentane 0.105 0.102 0.078 242.168 116.760  


46.653 771.970 I8 3-methylheptane 0.841 0.881 0.613 246.074 118.930  


46.932 773.190 -- unknown 0.187 0.197 0.136 32.000 0.000  


47.013 773.540 N8 1c,2t,3-trimethylcyclopentane 0.386 0.371 0.287 243.500 117.500  


47.175 774.240 I8 3-ethylhexane 0.104 0.108 0.076 245.372 118.540  


47.449 775.420 N8 1t,4-dimethylcyclohexane 0.185 0.179 0.137 246.848 119.360  


47.893 777.320 -- unknown 0.002 0.002 0.005 32.000 0.000   
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48.280 778.960 -- unknown 0.001 0.001 0.002 32.000 0.000  


48.428 779.580 O8 O8-[5] 0.001 0.001 0.001 32.000 0.000  


48.774 781.020 N8 1,1-dimethylcyclohexane 0.033 0.031 0.024 247.190 119.550  


49.235 782.930 I9 2,2,5-trimethylhexane 0.598 0.625 0.389 255.362 124.090  


49.664 784.690 N8 3c-ethylmethylcyclopentane 0.202 0.194 0.150 249.980 121.100  


49.848 785.430 O9 2,6-dimethylheptene-1 0.004 0.004 0.002 32.000 0.000  


50.210 786.900 N8 3t-ethylmethylcyclopentane 0.172 0.166 0.128 249.980 121.100  


50.543 788.230 N8 2t-ethylmethylcyclopentane 0.157 0.151 0.116 250.160 121.200  


51.019 790.120 O8 O8-[6] 0.007 0.007 0.005 32.000 0.000  


51.125 790.540 N8 1,1-methylethylcyclopentane 0.020 0.019 0.015 250.754 121.530  


51.816 793.250 N8 1t,2-dimethylcyclohexane 0.181 0.173 0.135 254.174 123.430  


52.014 794.010 O8 t-octene-4 0.008 0.009 0.006 252.068 122.260  


52.422 795.590 O9 3,5,5-trimethylhexene-1 0.001 0.001 0.001 32.000 0.000  


52.884 797.340 N8 1c,2c,3-trimethylcyclopentane 0.030 0.029 0.023 253.400 123.000  


53.588 800.000 P8 n-octane 0.787 0.828 0.574 258.224 125.680  


53.867 801.040 N8 1c,4-dimethylcyclohexane 0.255 0.240 0.189 255.794 124.330  


54.738 804.280 O8 t-octene-2 0.008 0.008 0.006 32.000 0.000  


54.961 805.090 -- unknown 0.005 0.005 0.012 32.000 0.000  


55.335 806.460 I9 I9-[1] 0.035 0.036 0.023 32.000 0.000  


55.422 806.770 -- unknown 0.018 0.019 0.011 32.000 0.000  


55.829 808.240 N8 i-propylcyclopentane 0.080 0.077 0.060 259.574 126.430  


56.490 810.600 -- unknown 0.003 0.004 0.009 32.000 0.000  


57.026 812.490 -- unknown 0.008 0.009 0.022 32.000 0.000  


57.120 812.820 O8 c-octene-2 0.004 0.004 0.003 32.000 0.000  


57.323 813.530 -- unknown 0.001 0.001 0.001 32.000 0.000  


57.698 814.840 N8 N8-[1] 0.013 0.013 0.010 32.000 0.000  


58.061 816.090 O8 O8-[7] 0.002 0.002 0.002 32.000 0.000  


58.446 817.410 I9 2,2,3,4-tetramethylpentane 0.120 0.120 0.078 271.454 133.030  


59.088 819.590 I9 2,3,4-trimethylhexane 0.067 0.067 0.044 282.308 139.060  


59.384 820.580 N8 N8-[2] 0.003 0.003 0.002 32.000 0.000  


59.646 821.460 O9 O9-[1] 0.029 0.030 0.019 32.000 0.000   
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60.073 822.880 N8 N8-[3] 0.001 0.001 0.001 32.000 0.000  


60.499 824.290 O9 O9-[2] 0.006 0.006 0.004 32.000 0.000  


61.040 826.050 N8 1c,2-dimethylcyclohexane 0.178 0.165 0.132 265.532 129.740  


61.226 826.660 -- unknown 0.023 0.025 0.017 32.000 0.000  


61.630 827.960 I9 2,3,5-trimethylhexane 0.006 0.006 0.004 268.430 131.350  


61.943 828.970 I9 2,2-dimethylheptane 0.013 0.013 0.008 270.860 132.700  


62.837 831.800 N9 1,1,4-trimethylcyclohexane 0.321 0.307 0.212 275.000 135.000  


63.396 833.560 I9 2,2,3-trimethylhexane 0.152 0.157 0.099 271.220 132.900  


63.984 835.380 I9 2,4-dimethylheptane 0.032 0.033 0.021 271.220 132.900  


64.724 837.650 I9 4,4-dimethylheptane 0.185 0.192 0.120 271.220 132.900  


65.059 838.670 N8 ethylcyclohexane 0.001 0.001 0.001 269.222 131.790  


65.634 840.400 N8 n-propylcyclopentane 0.031 0.030 0.023 267.728 130.960  


65.833 841.000 I9 2,5-dimethylheptane 0.250 0.258 0.163 276.800 136.000  


66.292 842.360 I9 3,3-&3,5-dimethylheptane 0.058 0.059 0.038 278.636 137.020  


66.705 843.580 I9 3,5-dimethylheptane 0.040 0.041 0.026 276.800 136.000  


67.186 845.000 I9 2,6-dimethylheptane 0.057 0.060 0.037 275.396 135.220  


67.338 845.440 -- unknown 0.011 0.012 0.007 32.000 0.000  


67.808 846.810 N9 1,1,3-trimethylcyclohexane 0.046 0.043 0.030 295.862 146.590  


68.310 848.250 O9 2,4-dimethylheptene-1 0.002 0.002 0.001 32.000 0.000  


68.834 849.750 N8 N8-[4] 0.001 0.001 0.001 32.000 0.000  


69.094 850.490 N8 N8-[5] 0.003 0.003 0.002 32.000 0.000  


69.410 851.380 N9 1c,2t,4t-trimethylcyclohexane 0.019 0.018 0.012 32.000 0.000  


70.260 853.760 A8 ethylbenzene 1.172 0.999 0.920 277.160 136.200  


70.637 854.810 N9 1c,3c,5c-trimethylcyclohexane 0.123 0.116 0.081 32.000 0.000  


71.467 857.090 O9 2-methyloctene-1 0.019 0.021 0.013 32.000 0.000  


71.902 858.280 I9 I9-[2] 0.003 0.003 0.002 32.000 0.000  


72.359 859.510 O9 2-methyloctene-2 0.028 0.030 0.018 32.000 0.000  


74.105 864.150 A8 1,3-dimethylbenzene 3.147 2.692 2.470 282.416 139.120  


74.436 865.020 A8 1,4-dimethylbenzene 1.286 1.104 1.010 281.048 138.360  


75.054 866.630 I9 3,4-dimethylheptane 0.029 0.030 0.019 285.080 140.600  


75.382 867.470 I9 3,4 -dimethylheptane 0.059 0.059 0.038 285.080 140.600   
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75.917 868.850 N9 N9-[1] 0.026 0.024 0.017 32.000 0.000  


76.356 869.970 I9 I9-[3] 0.073 0.074 0.047 32.000 0.000  


77.252 872.230 I9 4-ethylheptane 0.002 0.002 0.001 288.392 142.440  


77.562 873.000 I9 4-methyloctane 0.260 0.267 0.169 288.392 142.440  


77.960 873.990 I9 2-methyloctane 0.319 0.331 0.207 289.904 143.280  


78.567 875.490 N9 N9-[2] 0.035 0.034 0.023 32.000 0.000  


79.422 877.590 N9 1c,2t,3c-trimethylcyclohexane 0.039 0.038 0.026 304.160 151.200  


79.736 878.350 I9 3-ethylheptane 0.074 0.076 0.048 289.400 143.000  


80.248 879.590 I9 3-methyloctane 0.411 0.421 0.267 291.614 144.230  


80.571 880.360 I9 3,3-diethylpentane 0.020 0.020 0.013 270.842 132.690  


81.010 881.410 -- unknown 0.063 0.066 0.041 32.000 0.000  


81.297 882.090 N9 1c,2t,4c-trimethylcyclohexane 0.017 0.016 0.011 275.000 135.000  


81.665 882.960 N9 1,1,2-trimethylcyclohexane 0.028 0.026 0.019 293.360 145.200  


82.022 883.810 A8 1,2-dimethylbenzene 1.577 1.324 1.237 291.974 144.430  


82.558 885.060 I9 I9-[4] 0.027 0.027 0.017 32.000 0.000  


82.922 885.910 I9 I9-[5] 0.100 0.101 0.065 32.000 0.000  


83.654 887.600 N9 N9-[3] 0.085 0.081 0.056 32.000 0.000  


83.922 888.210 N9 N9-[4] 0.106 0.100 0.070 32.000 0.000  


84.048 888.500 -- unknown 0.038 0.040 0.025 32.000 0.000  


84.607 889.780 I9 I9-[6] 0.064 0.065 0.041 32.000 0.000  


85.012 890.700 N9 N9-[5] 0.150 0.142 0.099 32.000 0.000  


85.552 891.910 I9 I9-[7] 0.016 0.016 0.010 32.000 0.000  


86.005 892.930 N9 i-butylcyclopentane 0.031 0.030 0.021 298.346 147.970  


86.217 893.400 N9 N9-[6] 0.021 0.020 0.014 32.000 0.000  


87.053 895.250 -- unknown 0.001 0.001 0.001 32.000 0.000  


87.443 896.110 N9 N9-[7] 0.014 0.014 0.010 32.000 0.000  


87.736 896.750 N9 N9-[8] 0.008 0.008 0.005 32.000 0.000  


88.031 897.390 O9 t-nonene-2 0.007 0.008 0.005 32.000 0.000  


88.250 897.870 O9 t-nonene-3 0.020 0.020 0.013 32.000 0.000  


88.666 898.770 I9 I9-[8] 0.122 0.124 0.079 32.000 0.000  


88.834 899.130 -- unknown 0.021 0.022 0.014 32.000 0.000   
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89.235 900.000 P9 n-nonane 0.368 0.379 0.239 303.476 150.820  


89.596 901.740 N9 1,1-methylethylcyclohexane 0.088 0.081 0.058 305.924 152.180  


90.170 904.510 N9 N9-[9] 0.009 0.009 0.006 32.000 0.000  


90.420 905.720 N9 N9-[10] 0.026 0.024 0.017 32.000 0.000  


90.704 907.070 O10 t-2,2,5,5-tetramethylhexene-3 0.004 0.005 0.003 32.000 0.000  


90.815 907.610 -- unknown 0.002 0.002 0.001 32.000 0.000  


91.153 909.210 -- unknown 0.000 0.000 0.000 32.000 0.000  


91.584 911.260 N9 N9-[11] 0.006 0.006 0.004 32.000 0.000  


92.007 913.250 A9 i-propylbenzene 0.062 0.053 0.043 306.338 152.410  


92.375 914.980 O9 c-nonene-3 0.071 0.077 0.047 32.000 0.000  


92.520 915.660 -- unknown 0.018 0.019 0.012 32.000 0.000  


92.950 917.670 I10 I10-[1] 0.014 0.014 0.008 32.000 0.000  


93.034 918.050 N9 i-propylcyclohexane 0.019 0.018 0.013 310.622 154.790  


93.174 918.710 -- unknown 0.006 0.006 0.004 32.000 0.000  


93.770 921.460 I10 I10-[2] 0.107 0.108 0.063 32.000 0.000  


94.167 923.290 I10 2,2-dimethyloctane 0.034 0.035 0.020 314.420 156.900  


94.442 924.550 I10 2,4-dimethyloctane 0.051 0.052 0.030 312.620 155.900  


94.875 926.530 N9 N9-[12] 0.007 0.006 0.004 32.000 0.000  


95.307 928.490 N9 N9-[13] 0.022 0.021 0.015 32.000 0.000  


95.915 931.230 I10 2,6-dimethyloctane 0.086 0.088 0.050 320.738 160.410  


96.272 932.840 I10 2,5-dimethyloctane 0.078 0.079 0.046 317.300 158.500  


96.535 934.010 -- unknown 0.003 0.003 0.002 32.000 0.000  


97.128 936.650 N9 n-butylcyclopentane 0.058 0.055 0.038 313.916 156.620  


97.341 937.600 I10 I10-[3] 0.031 0.031 0.018 32.000 0.000  


97.490 938.260 N10 N10-[1] 0.036 0.033 0.021 32.000 0.000  


97.755 939.430 -- unknown 0.005 0.006 0.003 32.000 0.000  


98.001 940.510 I10 I10-[4] 0.021 0.021 0.012 32.000 0.000  


98.459 942.520 I10 3,3-dimethyloctane 0.138 0.138 0.081 322.160 161.200  


98.772 943.890 N10 N10-[2] 0.023 0.022 0.014 32.000 0.000  


98.984 944.810 -- unknown 0.019 0.020 0.011 32.000 0.000  


99.154 945.550 -- unknown 0.024 0.026 0.014 32.000 0.000   
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99.548 947.250 A9 n-propylbenzene 0.349 0.299 0.242 318.632 159.240  


99.844 948.530 I10 3,6-dimethyloctane 0.026 0.026 0.015 321.440 160.800  


100.098 949.630 I10 3-methyl-5-ethylheptane 0.047 0.047 0.027 316.760 158.200  


100.261 950.330 -- unknown 0.005 0.006 0.003 32.000 0.000  


100.566 951.630 N10 N10-[3] 0.028 0.025 0.016 32.000 0.000  


101.192 954.300 -- unknown 0.024 0.025 0.014 32.000 0.000  


101.493 955.580 A9 1,3-methylethylbenzene 1.234 1.055 0.855 322.394 161.330  


101.885 957.240 A9 1,4-methylethylbenzene 0.529 0.454 0.367 323.618 162.010  


102.195 958.540 N10 N10-[4] 0.030 0.027 0.018 32.000 0.000  


102.358 959.230 -- unknown 0.003 0.003 0.002 32.000 0.000  


102.765 960.930 -- unknown 0.002 0.002 0.001 32.000 0.000  


102.947 961.690 -- unknown 0.010 0.011 0.027 32.000 0.000  


103.229 962.870 A9 1,3,5-trimethylbenzene 0.657 0.561 0.455 328.532 164.740  


103.494 963.970 I10 I10-[5] 0.041 0.041 0.024 32.000 0.000  


103.763 965.080 N10 N10-[5] 0.018 0.017 0.011 32.000 0.000  


103.954 965.870 -- unknown 0.006 0.006 0.003 32.000 0.000  


104.191 966.850 I10 I10-[6] 0.003 0.003 0.002 32.000 0.000  


104.507 968.150 I10 5-methylnonane 0.051 0.052 0.030 329.180 165.100  


104.912 969.810 I10 4-methylnonane 0.420 0.420 0.246 32.000 0.000  


105.256 971.210 A9 1,2-methylethylbenzene 0.392 0.329 0.271 329.324 165.180  


105.442 971.970 I10 2-methylnonane 0.120 0.122 0.070 332.654 167.030  


105.569 972.480 -- unknown 0.013 0.013 0.007 32.000 0.000  


105.864 973.680 -- unknown 0.011 0.012 0.007 32.000 0.000  


106.096 974.620 I10 3-ethyloctane 0.026 0.025 0.015 331.700 166.500  


106.175 974.940 -- unknown 0.014 0.015 0.008 32.000 0.000  


106.467 976.120 N10 N10-[6] 0.023 0.021 0.014 32.000 0.000  


106.799 977.450 I10 3-methylnonane 0.146 0.147 0.085 334.040 167.800  


106.975 978.160 -- unknown 0.008 0.009 0.005 32.000 0.000  


107.357 979.680 N10 N10-[7] 0.003 0.002 0.002 32.000 0.000  


107.540 980.410 I10 I10-[7] 0.094 0.094 0.055 32.000 0.000  


107.814 981.500 I10 I10-[8] 0.008 0.008 0.005 32.000 0.000   
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108.101 982.640 -- unknown 0.010 0.011 0.006 32.000 0.000  


108.556 984.440 A9 1,2,4-trimethylbenzene 1.912 1.614 1.326 336.884 169.380  


108.794 985.380 -- unknown 0.007 0.007 0.005 32.000 0.000  


108.962 986.040 I10 I10-[9] 0.010 0.010 0.006 32.000 0.000  


109.077 986.490 N10 i-butylcyclohexane 0.035 0.032 0.021 340.340 171.300  


109.270 987.240 -- unknown 0.025 0.026 0.015 32.000 0.000  


109.385 987.700 I10 I10-[10] 0.046 0.046 0.027 32.000 0.000  


109.665 988.790 I10 I10-[11] 0.018 0.018 0.011 32.000 0.000  


109.806 989.340 I10 I10-[12] 0.012 0.012 0.007 32.000 0.000  


110.154 990.690 N10 N10-[8] 0.022 0.020 0.013 32.000 0.000  


110.289 991.210 -- unknown 0.003 0.003 0.002 32.000 0.000  


110.777 993.100 O10 decene-1 0.002 0.002 0.001 339.080 170.600  


110.930 993.690 N10 1t-methyl-2-n-propylcyclohexane 0.012 0.011 0.007 339.800 171.000  


111.054 994.170 O10 2,3-dimethyloctene-2 0.060 0.060 0.036 32.000 0.000  


111.162 994.580 I10 I10-[13] 0.015 0.015 0.009 32.000 0.000  


111.464 995.740 A10 i-butylbenzene 0.003 0.003 0.002 343.022 172.790  


111.604 996.280 I10 I10-[14] 0.054 0.054 0.031 32.000 0.000  


111.839 997.180 -- unknown 0.037 0.039 0.022 32.000 0.000  


112.118 998.240 A10 sec-butylbenzene 0.035 0.030 0.022 344.012 173.340  


112.366 999.190 -- unknown 0.008 0.009 0.005 32.000 0.000  


112.579 1000.000 P10 n-decane 0.193 0.195 0.113 345.470 174.150  


112.821 1001.530 I11 I11-[1] 0.027 0.027 0.014 32.000 0.000  


113.178 1003.780 N10 N10-[9] 0.016 0.015 0.010 32.000 0.000  


113.619 1006.550 -- unknown 0.006 0.006 0.004 32.000 0.000  


113.822 1007.820 A9 1,2,3-trimethylbenzene 0.371 0.307 0.257 349.016 176.120  


113.976 1008.780 -- unknown 0.009 0.009 0.006 32.000 0.000  


114.269 1010.610 A10 1,3-methyl-i-propylbenzene 0.041 0.035 0.025 347.144 175.080  


114.700 1013.290 -- unknown 0.009 0.009 0.023 32.000 0.000  


114.830 1014.100 A10 1,4-methyl-i-propylbenzene 0.024 0.021 0.015 350.834 177.130  


114.982 1015.040 -- unknown 0.003 0.003 0.002 32.000 0.000  


115.298 1016.990 I11 I11-[2] 0.025 0.025 0.014 32.000 0.000   
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115.567 1018.650 I11 I11-[3] 0.012 0.012 0.006 32.000 0.000  


115.861 1020.460 A10 2-3-dihydroindene 0.259 0.199 0.183 352.130 177.850  


116.228 1022.710 -- unknown 0.018 0.019 0.013 32.000 0.000  


116.472 1024.200 N10 sec-butylcyclohexane 0.040 0.036 0.024 354.812 179.340  


116.706 1025.630 I11 I11-[4] 0.008 0.008 0.004 32.000 0.000  


117.055 1027.750 A10 1,2-methyl-i-propylbenzene 0.068 0.058 0.042 352.724 178.180  


117.181 1028.520 I11 3-ethylnonane 0.006 0.006 0.003 32.000 0.000  


117.322 1029.370 -- unknown 0.003 0.003 0.002 32.000 0.000  


117.624 1031.200 -- unknown 0.063 0.066 0.034 32.000 0.000  


117.850 1032.560 N11 N11-[1] 0.024 0.022 0.013 32.000 0.000  


117.904 1032.890 -- unknown 0.020 0.021 0.011 32.000 0.000  


118.089 1034.000 I11 I11-[5] 0.016 0.016 0.008 32.000 0.000  


118.244 1034.930 -- unknown 0.002 0.002 0.001 32.000 0.000  


118.599 1037.070 I11 I11-[6] 0.029 0.027 0.016 32.000 0.000  


118.767 1038.070 -- unknown 0.032 0.034 0.017 32.000 0.000  


119.208 1040.700 A10 1,3-diethylbenzene 0.131 0.112 0.081 358.052 181.140  


119.409 1041.900 -- unknown 0.060 0.064 0.038 32.000 0.000  


119.657 1043.370 A10 1,3-methyl-n-propylbenzene 0.270 0.232 0.167 359.618 182.010  


119.830 1044.400 I11 I11-[7] 0.020 0.020 0.011 32.000 0.000  


120.120 1046.120 A10 1,4-diethylbenzene 0.011 0.010 0.007 362.822 183.790  


120.294 1047.140 A10 1,4-methyl-n-propylbenzene 0.166 0.143 0.103 362.156 183.420  


120.468 1048.170 A10 n-butylbenzene 0.080 0.069 0.050 361.940 183.300  


120.878 1050.580 A10 1,3-dimethyl-5-ethylbenzene 0.281 0.236 0.174 362.516 183.620  


121.201 1052.480 A10 1,2-diethylbenzene 0.030 0.025 0.018 362.228 183.460  


121.344 1053.310 I11 I11-[8] 0.017 0.017 0.009 32.000 0.000  


121.572 1054.640 N10 t-decahydronaphthalene 0.008 0.008 0.004 368.960 187.200  


121.823 1056.110 N11 N11-[2] 0.016 0.014 0.008 32.000 0.000  


122.074 1057.570 -- unknown 0.011 0.012 0.006 32.000 0.000  


122.246 1058.560 A10 1,2-methyl-n-propylbenzene 0.092 0.078 0.057 364.946 184.970  


122.634 1060.810 I11 I11-[9] 0.011 0.011 0.006 32.000 0.000  


122.750 1061.480 I11 I11-[10] 0.067 0.067 0.036 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 18 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


122.959 1062.690 I11 I11-[11] 0.036 0.036 0.019 32.000 0.000  


123.051 1063.220 -- unknown 0.008 0.009 0.004 32.000 0.000  


123.251 1064.370 -- unknown 0.003 0.003 0.002 32.000 0.000  


123.473 1065.650 I11 I11-[12] 0.044 0.044 0.024 32.000 0.000  


123.726 1067.100 -- unknown 0.008 0.009 0.004 32.000 0.000  


124.016 1068.760 A10 1,4,dimethyl-2-ethylbenzene 0.204 0.171 0.126 368.366 186.870  


124.288 1070.310 A10 1,3-dimethyl-4-ethylbenzene 0.255 0.219 0.158 370.832 188.240  


124.558 1071.850 I11 I11-[13] 0.003 0.003 0.002 32.000 0.000  


124.861 1073.570 -- unknown 0.007 0.008 0.004 32.000 0.000  


125.119 1075.030 I11 I11-[14] 0.138 0.138 0.074 32.000 0.000  


125.286 1075.980 A10 1,2-dimethyl-4-ethylbenzene 0.281 0.237 0.174 373.136 189.520  


125.599 1077.750 -- unknown 0.008 0.008 0.005 32.000 0.000  


125.886 1079.360 -- unknown 0.012 0.012 0.007 32.000 0.000  


125.978 1079.880 I11 I11-[15] 0.004 0.004 0.002 32.000 0.000  


126.261 1081.470 A10 1,3-dimethyl-2-ethylbenzene 0.046 0.039 0.029 374.090 190.050  


126.413 1082.320 I11 I11-[16] 0.017 0.017 0.009 32.000 0.000  


126.744 1084.170 -- unknown 0.016 0.017 0.009 32.000 0.000  


126.943 1085.280 I11 I11-[17] 0.008 0.008 0.004 32.000 0.000  


127.173 1086.560 -- unknown 0.014 0.015 0.008 32.000 0.000  


127.515 1088.470 -- unknown 0.008 0.008 0.004 32.000 0.000  


127.583 1088.840 -- unknown 0.011 0.011 0.006 32.000 0.000  


127.856 1090.360 O11 undecene-1 0.019 0.019 0.010 378.860 192.700  


128.192 1092.210 A11 1,4-methyl-t-butylbenzene 0.035 0.030 0.020 32.000 0.000  


128.467 1093.720 A10 1,2-dimethyl-3-ethylbenzene 0.077 0.064 0.048 381.110 193.950  


128.811 1095.620 -- unknown 0.006 0.007 0.004 32.000 0.000  


129.087 1097.130 -- unknown 0.013 0.013 0.008 32.000 0.000  


129.164 1097.550 A11 1,2-ethyl-i-propylbenzene 0.008 0.007 0.005 32.000 0.000  


129.332 1098.480 -- unknown 0.006 0.006 0.003 32.000 0.000  


129.611 1100.000 P11 n-undecane 0.102 0.102 0.055 384.620 195.900  


129.808 1101.470 -- unknown 0.007 0.007 0.004 32.000 0.000  


129.922 1102.330 A11 1,4-ethyl-i-propylbenzene 0.002 0.002 0.001 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 19 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


130.342 1105.470 A10 1,2,4,5-tetramethylbenzene 0.162 0.135 0.100 386.312 196.840  


130.705 1108.170 A11 1,2-methyl-n-butylbenzene 0.007 0.006 0.004 390.200 199.000  


130.882 1109.490 A10 1,2,3,5-tetramethylbenzene 0.219 0.181 0.136 388.472 198.040  


131.030 1110.590 -- unknown 0.006 0.006 0.004 32.000 0.000  


131.374 1113.140 -- unknown 0.011 0.012 0.007 32.000 0.000  


131.568 1114.570 -- unknown 0.007 0.007 0.004 32.000 0.000  


131.876 1116.850 -- unknown 0.020 0.021 0.012 32.000 0.000  


132.318 1120.090 -- unknown 0.013 0.014 0.008 32.000 0.000  


132.475 1121.250 -- unknown 0.014 0.015 0.009 32.000 0.000  


132.957 1124.780 A11 1,2-methyl-t-butylbenzene 0.005 0.004 0.003 32.000 0.000  


133.115 1125.930 -- unknown 0.012 0.012 0.007 32.000 0.000  


133.427 1128.210 A10 5-methylindan 0.192 0.159 0.121 32.000 0.000  


133.772 1130.710 I12 I12-[1] 0.046 0.045 0.023 421.340 216.300  


134.177 1133.650 -- unknown 0.007 0.007 0.003 32.000 0.000  


134.295 1134.500 A10 4-methylindan 0.047 0.039 0.030 32.000 0.000  


134.567 1136.470 -- unknown 0.012 0.012 0.007 32.000 0.000  


134.673 1137.230 A11 1,2-ethyl-n-propylbenzene 0.054 0.045 0.030 32.000 0.000  


134.925 1139.040 A10 2-methylindan 0.184 0.150 0.116 368.600 187.000  


135.135 1140.560 A11 1,3-methyl-n-butylbenzene 0.009 0.007 0.005 390.200 199.000  


135.392 1142.400 -- unknown 0.006 0.006 0.003 32.000 0.000  


135.542 1143.470 A12 1,3-di-i-propylbenzene 0.062 0.051 0.032 397.760 203.200  


135.752 1144.980 A11 s-pentylbenzene 0.058 0.048 0.033 401.000 205.000  


136.342 1149.190 -- unknown 0.018 0.019 0.010 32.000 0.000  


136.439 1149.870 A11 n-pentylbenzene 0.046 0.038 0.026 401.720 205.400  


136.518 1150.440 -- unknown 0.021 0.022 0.012 32.000 0.000  


136.795 1152.410 N12 1t-M-2-(4-MP)cyclopentane 0.004 0.004 0.002 32.000 0.000  


136.994 1153.820 A12 1,2-di-i-propylbenzene 0.027 0.022 0.014 399.200 204.000  


137.141 1154.860 -- unknown 0.026 0.027 0.013 32.000 0.000  


137.625 1158.270 -- unknown 0.038 0.040 0.020 32.000 0.000  


137.899 1160.200 A12 1,4-di-i-propylbenzene 0.047 0.039 0.024 410.540 210.300  


138.176 1162.150 -- unknown 0.007 0.007 0.003 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 20 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


138.347 1163.350 A10 tetrahydronaphthalene 0.017 0.013 0.011 405.716 207.620  


138.492 1164.360 -- unknown 0.007 0.007 0.004 32.000 0.000  


138.740 1166.100 -- unknown 0.004 0.004 0.003 32.000 0.000  


138.886 1167.110 I12 I12-[2] 0.051 0.050 0.025 421.340 216.300  


139.180 1169.170 A10 naphthalene 0.158 0.114 0.103 424.382 217.990  


139.505 1171.430 A12 1-t-butyl-3,5-dimethylbenzene 0.003 0.003 0.002 32.000 0.000  


139.846 1173.800 A12 1,4-ethyl-t-butylbenzene 0.071 0.059 0.037 32.000 0.000  


140.250 1176.590 -- unknown 0.025 0.027 0.013 32.000 0.000  


140.541 1178.600 I12 I12-[3] 0.053 0.052 0.026 421.340 216.300  


140.773 1180.190 I12 I12-[4] 0.030 0.030 0.015 421.340 216.300  


141.121 1182.590 -- unknown 0.006 0.006 0.003 32.000 0.000  


141.349 1184.150 I12 I12-[5] 0.031 0.030 0.015 421.340 216.300  


141.602 1185.880 -- unknown 0.011 0.011 0.005 32.000 0.000  


141.895 1187.890 I12 I12-[6] 0.032 0.032 0.016 421.340 216.300  


142.094 1189.240 A12 1,3-di-n-propylbenzene 0.038 0.031 0.019 32.000 0.000  


142.333 1190.870 A12 A12-[1] 0.023 0.019 0.012 32.000 0.000  


142.552 1192.360 O12 dodecene-1 0.005 0.005 0.003 416.120 213.400  


142.912 1194.800 -- unknown 0.006 0.007 0.003 32.000 0.000  


143.253 1197.110 -- unknown 0.004 0.004 0.002 32.000 0.000  


143.553 1199.140 A12 A12-[2] 0.019 0.016 0.010 32.000 0.000  


143.681 1200.000 P12 n-dodecane 0.043 0.042 0.021 421.340 216.300  


143.945 1202.220 -- unknown 0.003 0.003 0.001 32.000 0.000  


144.227 1204.590 -- unknown 0.011 0.012 0.005 32.000 0.000  


144.303 1205.230 -- unknown 0.004 0.005 0.002 32.000 0.000  


144.762 1209.070 -- unknown 0.011 0.011 0.005 32.000 0.000  


144.986 1210.950 -- unknown 0.005 0.006 0.003 32.000 0.000  


145.185 1212.610 A12 1,3,5-triethylbenzene 0.003 0.002 0.002 420.800 216.000  


145.373 1214.170 -- unknown 0.007 0.007 0.003 32.000 0.000  


145.715 1217.020 -- unknown 0.021 0.022 0.011 32.000 0.000  


145.888 1218.450 -- unknown 0.012 0.013 0.006 32.000 0.000  


146.206 1221.090 -- unknown 0.003 0.003 0.001 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 21 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


146.496 1223.490 -- unknown 0.017 0.018 0.009 32.000 0.000  


146.738 1225.490 -- unknown 0.016 0.017 0.008 32.000 0.000  


146.814 1226.120 -- unknown 0.007 0.007 0.003 32.000 0.000  


147.120 1228.630 -- unknown 0.004 0.005 0.002 32.000 0.000  


147.195 1229.250 -- unknown 0.012 0.012 0.006 32.000 0.000  


147.506 1231.800 A12 1,2,4-triethylbenzene 0.013 0.011 0.006 423.500 217.500  


147.727 1233.620 -- unknown 0.005 0.005 0.002 32.000 0.000  


148.079 1236.490 -- unknown 0.003 0.003 0.002 32.000 0.000  


148.235 1237.770 -- unknown 0.011 0.012 0.006 32.000 0.000  


148.464 1239.640 -- unknown 0.001 0.001 0.001 32.000 0.000  


148.801 1242.370 A12 1,4-methyl-n-pentylbenzene 0.034 0.028 0.017 32.000 0.000  


149.085 1244.690 -- unknown 0.009 0.009 0.004 32.000 0.000  


149.239 1245.930 -- unknown 0.003 0.004 0.002 32.000 0.000  


149.378 1247.060 -- unknown 0.003 0.003 0.001 32.000 0.000  


149.666 1249.390 -- unknown 0.004 0.004 0.002 32.000 0.000  


149.950 1251.680 -- unknown 0.006 0.006 0.003 32.000 0.000  


150.147 1253.270 -- unknown 0.007 0.008 0.004 32.000 0.000  


150.532 1256.360 A12 n-hexylbenzene 0.019 0.015 0.010 32.000 0.000  


150.622 1257.080 -- unknown 0.019 0.020 0.010 32.000 0.000  


150.995 1260.070 -- unknown 0.011 0.011 0.005 32.000 0.000  


151.253 1262.140 -- unknown 0.004 0.005 0.002 32.000 0.000  


151.499 1264.100 -- unknown 0.004 0.005 0.002 32.000 0.000  


151.658 1265.370 -- unknown 0.003 0.003 0.002 32.000 0.000  


151.875 1267.100 -- unknown 0.006 0.006 0.003 32.000 0.000  


151.917 1267.430 -- unknown 0.008 0.008 0.004 32.000 0.000  


152.207 1269.730 -- unknown 0.010 0.011 0.005 32.000 0.000  


152.636 1273.140 I13 I13-[1] 0.008 0.007 0.003 455.720 235.400  


152.825 1274.630 A11 1,2,3,4,5-pentamethylbenzene 0.022 0.016 0.012 449.600 232.000  


153.056 1276.450 -- unknown 0.008 0.009 0.005 32.000 0.000  


153.570 1280.500 -- unknown 0.006 0.006 0.003 32.000 0.000  


153.923 1283.270 A11 2-methylnaphthalene 0.088 0.064 0.051 465.890 241.050   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:32:01 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\105F0501.D\105F0501.CDF   Acquired: 10/31/20 09:28:00 


Sample: ODDB:54928     Analyzed: 11/2/2020 9:31:07 PM 


Processed 631 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Normalized to 100.000% 


Hold          
       


   Components Listed in Chromatographic Order  Page: 22 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


154.411 1287.100 -- unknown 0.009 0.010 0.005 32.000 0.000  


154.561 1288.270 -- unknown 0.002 0.002 0.001 32.000 0.000  


154.701 1289.360 -- unknown 0.003 0.003 0.001 32.000 0.000  


154.905 1290.960 O13 tridecene-1 0.007 0.007 0.003 451.040 232.800  


155.340 1294.340 -- unknown 0.001 0.002 0.001 32.000 0.000  


155.502 1295.590 -- unknown 0.003 0.003 0.001 32.000 0.000  


155.590 1296.280 -- unknown 0.001 0.001 0.001 32.000 0.000  


155.874 1298.480 A11 1-methylnaphthalene 0.035 0.025 0.020 472.352 244.640  


156.070 1300.000 P13 n-tridecane 0.009 0.009 0.004 455.720 235.400  


156.188 1301.060 + C14+ (Summarized) 0.355 0.344 0.149 455.720 235.400  
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Detailed Hydrocarbon Analysis Summary Report - Report Date: 11/2/2020 9:50:28 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929 Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Location: GC 12 D6730 
Normalized to 100.000% 
 


  


 
  SUMMARY REPORT  


 Group Type Total(Mass%)  Total(Vol%) Total(Mol%) 


 Paraffins: 7.413  8.344 7.211 


 I-Paraffins: 37.157  40.572 31.921 


 Olefins: 3.894  4.201 3.985 


 Naphthenes: 11.454  11.097 9.648 


 Aromatics: 21.911  18.549 16.725 


 Total C14+: 0.365  0.354 0.153 


Total Unknowns: 1.671  1.765 1.154 


      


Oxygenates:      


Total:  16.136(Mass%) 15.119(Vol%)  


Total Oxygen Content: 5.604(Mass%)    


Multisubstituted Aromatics: 13.921(Mass%) 11.817(Vol%)  


Average Molecular Weight: 83.376     


Relative Density: 0.739      


Vapor Pressure :      


Calculated Octane Number: 86.7     


Motor Octane Number (Jenkins Calculation): 78.7    


 IBP T10 T50 T90 FBP 


BP by Mass (Deg F) 31.10 173.30 197.33 329.32 465.89 


BP by Vol (Deg F) 31.10 173.30 197.33 329.32 449.60 


Percent Carbon: 82.922  Percent Hydrogen: 11.474  


Bromine Number (Calc): 7.275 
Particulate Matter Index: 1.113 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:50:37 PM 


 
RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF  
Sample: ODDB:54929  
Processed 637 Peaks  
Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha 
 
Comments: 


 
Acquired: 10/31/20 12:48:52  
Analyzed: 11/2/2020 9:49:30 PM 


 


 
Normalized to xxx% 
 
Int Std: NONE  
Int Std Amt: 0.000  
Sample Wt: 1.000 Sample Den: 1.000 


 


Oxygenates     


Compound Mass% Mass% Oxygen Vol% 


ethanol : X2 16.136 5.604 15.119 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:50:37 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929 Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks   


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha   


Comments: 
Yield: 100.000%  
  


 Int Std: NONE  


 Int Std Amt: 0.0000  
 Sample Wt: 1.0000 Sample Den: 1.000 


   
 
Totals by Group Type & Carbon Number (in Mass Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.001 0.000  0.000 0.000 0.000 0.000 0.002 


C4 0.468 0.096  0.044 0.000 0.000 0.001 0.610 


C5 2.357 6.569  1.628 0.322 0.000 0.001 10.877 


C6 1.781 7.433  1.132 3.087 0.681 0.041 14.155 


C7 1.303 8.110  0.732 3.696 4.455 0.007 18.303 


C8 0.783 9.310  0.068 2.696 7.154 0.191 20.201 


C9 0.367 3.187  0.192 1.305 5.517 0.182 10.750 


C10 0.194 1.697  0.066 0.300 3.374 0.262 5.894 


C11 0.104 0.498  0.020 0.043 0.365 0.371 1.401 


C12 0.045 0.249  0.006 0.004 0.365 0.315 0.984 


C13 0.009 0.008  0.006 0.000 0.000 0.300 0.323 


Total: 7.413 37.157  3.894 11.454 21.911 1.671 81.828 


 Oxygenates 16.136  Total C14+: 0.365   


 Total Unknowns: 1.671  Grand Total: 100.000   
 


 


Totals by Group Type & Carbon Number (in Volume Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.001 


C3 0.002 0.000  0.000 0.000 0.000 0.000 0.002 


C4 0.598 0.128  0.054 0.000 0.000 0.001 0.780 


C5 2.782 7.838  1.822 0.320 0.000 0.001 12.763 


C6 1.997 8.357  1.190 3.019 0.573 0.044 15.179 


C7 1.409 8.752  0.763 3.616 3.799 0.007 18.346 


C8 0.824 9.767  0.069 2.586 6.096 0.202 19.544 


C9 0.378 3.276  0.204 1.236 4.682 0.193 9.968 


C10 0.197 1.707  0.067 0.277 2.806 0.277 5.331 


C11 0.103 0.495  0.020 0.040 0.289 0.392 1.339 


C12 0.044 0.244  0.006 0.004 0.303 0.332 0.934 


C13 0.009 0.008  0.006 0.000 0.000 0.316 0.339 


Total: 8.344 40.572  4.201 11.097 18.549 1.765 82.762 


 Oxygenates 15.119  Total C14+: 0.354   


 Total Unknowns: 1.765  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 9:50:37 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929 Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks   


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha   


Comments: 
Yield: 100.000%  
  


 Int Std: NONE  


 Int Std Amt: 0.0000  
 Sample Wt: 1.0000 Sample Den: 1.000 


   
 
Totals by Group Type & Carbon Number (in Mol Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.001 0.000  0.000 0.000 0.000 0.000 0.001 


C3 0.003 0.000  0.000 0.000 0.000 0.000 0.003 


C4 0.671 0.138  0.066 0.000 0.000 0.001 0.877 


C5 2.723 7.591  1.939 0.383 0.000 0.001 12.638 


C6 1.723 7.192  1.127 3.058 0.727 0.107 13.933 


C7 1.084 6.748  0.620 3.139 4.031 0.007 15.629 


C8 0.571 6.795  0.050 2.003 5.618 0.144 15.182 


C9 0.239 2.072  0.127 0.862 3.827 0.154 7.279 


C10 0.114 0.994  0.040 0.178 2.127 0.179 3.632 


C11 0.055 0.266  0.011 0.023 0.208 0.232 0.795 


C12 0.022 0.122  0.003 0.002 0.188 0.176 0.512 


C13 0.004 0.004  0.003 0.000 0.000 0.154 0.165 


Total: 7.211 31.921  3.985 9.648 16.725 1.154 69.491 


 Oxygenates 29.202  Total C14+: 0.153   


 Total Unknowns: 1.154  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis - Dienes (Di-Olefins) Detail Report - Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks        


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha    


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
      


   Diene Components Listed in Chromatographic Order Page: 5 


Minutes Index Group Component Mass % Volume % Mol %   
         


8.985 394.970 O4 1,3-butadiene 0.000 0.000 0.000   


13.021 481.250 O5 1,4-pentadiene 0.001 0.001 0.001   


14.850 506.140 O5 2-methylbutadiene-1,3 0.007 0.007 0.008   


16.188 527.980 O5 1t,3-pentadiene 0.007 0.008 0.009   


16.887 538.230 O5 cyclopentadiene 0.005 0.006 0.006   


20.389 581.020 O6 1,5-hexadiene 0.000 0.000 0.000   


21.990 597.110 O6 1c/t,4-hexadiene 0.000 0.000 0.000   


25.276 632.970 O7 cyclic diolefin or triolefin-[1] 0.002 0.002 0.002   


25.838 638.610 O7 cyclic diolefin or triolefin-[2] 0.006 0.007 0.007   


28.355 661.980 O6 diolefin (hexadiene) 0.003 0.003 0.003   


30.175 677.270 O7 1,6-heptadiene 0.000 0.000 0.000   


36.539 720.940 N8 1,1,3-trimethylcyclopentane 0.169 0.167 0.126   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 6 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


6.436 100.000 P1 methane 0.000 0.000 0.000 -258.700 -161.500  


6.550 180.040 O2 ethylene 0.000 0.000 0.000 -154.624 -103.680  


6.622 200.000 P2 ethane 0.000 0.000 0.001 -127.480 -88.600  


7.116 293.470 O3 propylene 0.000 0.000 0.000 -53.896 -47.720  


7.178 300.000 P3 propane 0.001 0.002 0.003 -43.672 -42.040  


8.193 366.110 I4 i-butane 0.096 0.128 0.138 10.904 -11.720  


8.344 372.510 -- unknown 0.000 0.000 0.001 32.000 0.000  


8.710 386.090 -- unknown 0.000 0.000 0.000 32.000 0.000  


8.828 390.030 O4 butene-1 0.002 0.002 0.003 20.750 -6.250  


8.880 391.700 O4 isobutylene 0.003 0.004 0.005 20.750 -6.250  


8.985 394.970 O4 1,3-butadiene 0.000 0.000 0.000 24.062 -4.410  


9.155 400.000 P4 n-butane 0.468 0.598 0.671 31.100 -0.500  


9.546 412.300 O4 t-butene-2 0.017 0.021 0.025 33.584 0.880  


9.643 415.120 I5 2,2-dimethylpropane 0.003 0.004 0.004 49.100 9.500  


9.863 421.210 -- unknown 0.001 0.001 0.001 32.000 0.000  


10.132 428.130 O4 c-butene-2 0.023 0.027 0.034 38.696 3.720  


11.744 461.400 X2 ethanol 16.136 15.119 29.202 173.300 78.500  


12.772 477.700 I5 i-pentane 6.566 7.834 7.587 82.112 27.840  


13.021 481.250 O5 1,4-pentadiene 0.001 0.001 0.001 78.728 25.960  


13.748 490.890 O5 pentene-1 0.115 0.133 0.137 85.928 29.960  


14.223 496.700 O5 2-methylbutene-1 0.267 0.304 0.318 88.070 31.150  


14.507 500.000 P5 n-pentane 2.357 2.782 2.723 96.908 36.060  


14.850 506.140 O5 2-methylbutadiene-1,3 0.007 0.007 0.008 93.308 34.060  


15.097 510.430 O5 t-pentene-2 0.349 0.398 0.414 97.412 36.340  


15.468 516.630 O5 3,3-dimethylbutene-1 0.005 0.005 0.006 106.232 41.240  


15.637 519.380 O5 c-pentene-2 0.194 0.218 0.230 98.474 36.930  


15.795 521.900 -- unknown 0.000 0.000 0.001 32.000 0.000  


15.975 524.710 O5 2-methylbutene-2 0.583 0.651 0.693 101.408 38.560  


16.188 527.980 O5 1t,3-pentadiene 0.007 0.008 0.009 107.636 42.020  


16.308 529.790 -- unknown 0.001 0.001 0.001 32.000 0.000  


16.887 538.230 O5 cyclopentadiene 0.005 0.006 0.006 32.000 0.000  
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 7 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


17.015 540.040 I6 2,2-dimethylbutane 0.418 0.477 0.405 121.514 49.730  


18.314 557.180 O5 cyclopentene 0.095 0.091 0.117 111.614 44.230  


18.681 561.680 O6 4-methylpentene-1 0.022 0.025 0.022 128.948 53.860  


18.749 562.500 O6 3-methylpentene-1 0.037 0.041 0.036 129.506 54.170  


19.106 566.730 N5 cyclopentane 0.322 0.320 0.383 120.650 49.250  


19.292 568.890 I6 2,3-dimethylbutane 1.274 1.424 1.233 136.364 57.980  


19.448 570.680 -- unknown 0.040 0.043 0.105 32.000 0.000  


19.567 572.030 O6 2,3-dimethylbutene-1 0.018 0.020 0.018 132.098 55.610  


19.704 573.560 I6 2-methylpentane 3.537 4.004 3.422 140.468 60.260  


19.837 575.040 O6 4-methyl-t-pentene-2 0.064 0.071 0.064 137.480 58.600  


19.915 575.900 -- unknown 0.000 0.000 0.000 32.000 0.000  


20.389 581.020 O6 1,5-hexadiene 0.000 0.000 0.000 139.010 59.450  


20.810 585.410 I6 3-methylpentane 2.204 2.452 2.132 145.886 63.270  


21.263 590.010 O6 2-methylpentene-1 0.107 0.116 0.106 143.780 62.100  


21.353 590.910 O6 hexene-1 0.046 0.050 0.045 146.246 63.470  


21.990 597.110 O6 1c/t,4-hexadiene 0.000 0.000 0.000 149.000 65.000  


22.297 600.000 P6 n-hexane 1.781 1.997 1.723 155.714 68.730  


22.523 602.710 O6 t-hexene-3 0.070 0.076 0.069 152.744 67.080  


22.589 603.500 O6 c-hexene-3 0.023 0.025 0.023 151.592 66.440  


22.741 605.290 O6 t-hexene-2 0.137 0.148 0.135 154.184 67.880  


22.826 606.280 -- unknown 0.001 0.001 0.001 32.000 0.000  


22.945 607.660 O6 2-methylpentene-2 0.174 0.186 0.173 153.140 67.300  


23.024 608.580 O6 4-methylcyclopentene 0.047 0.046 0.048 148.820 64.900  


23.186 610.440 O6 3-methyl-c-pentene-2 0.106 0.112 0.105 153.842 67.690  


23.309 611.850 O6 3-methylcyclopentene 0.025 0.025 0.026 149.000 65.000  


23.418 613.080 O6 O6-[1] 0.000 0.000 0.000 32.000 0.000  


23.549 614.550 O6 c-hexene-2 0.074 0.079 0.074 155.984 68.880  


23.786 617.180 O6 O6-[2] 0.001 0.001 0.001 32.000 0.000  


24.114 620.780 O7 3,3-dimethylpentene-1 0.163 0.172 0.139 171.446 77.470  


24.247 622.210 -- unknown 0.001 0.001 0.002 32.000 0.000  


24.310 622.880 O7 4,4-dimethyl-t-pentene-2 0.002 0.002 0.002 170.114 76.730   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 8 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


24.409 623.950 I7 2,2-dimethylpentane 0.097 0.107 0.081 174.542 79.190  


24.624 626.230 N6 methylcyclopentane 2.307 2.278 2.285 161.240 71.800  


25.036 630.510 I7 2,4-dimethylpentane 1.443 1.586 1.201 176.882 80.490  


25.276 632.970 O7 cyclic diolefin or triolefin-[1] 0.002 0.002 0.002 32.000 0.000  


25.458 634.810 I7 2,2,3-trimethylbutane 0.046 0.049 0.038 177.584 80.880  


25.625 636.490 -- unknown 0.002 0.002 0.002 32.000 0.000  


25.838 638.610 O7 cyclic diolefin or triolefin-[2] 0.006 0.007 0.007 32.000 0.000  


26.175 641.910 O7 O7-[1] 0.002 0.002 0.002 32.000 0.000  


26.287 642.990 O7 3,4-dimethylpentene-1 0.006 0.006 0.005 177.422 80.790  


26.659 646.540 O7 4,4-dimethyl-c-pentene-2 0.008 0.008 0.007 176.756 80.420  


26.804 647.920 O7 2,4-dimethylpentene-1 0.008 0.008 0.007 178.880 81.600  


26.906 648.870 O6 1-methylcyclopentene 0.177 0.167 0.179 167.864 75.480  


27.105 650.730 A6 benzene 0.681 0.573 0.727 176.162 80.090  


27.288 652.420 O7 2-methyl-c-hexene-3 0.004 0.004 0.003 186.800 86.000  


27.503 654.390 I7 3,3-dimethylpentane 0.092 0.098 0.076 186.908 86.060  


27.604 655.300 O7 5-methylhexene-1 0.010 0.010 0.008 185.558 85.310  


27.796 657.030 -- unknown 0.004 0.004 0.003 32.000 0.000  


27.930 658.220 N6 cyclohexane 0.780 0.741 0.773 177.296 80.720  


28.225 660.840 O7 2-methyl-t-hexene-3 0.016 0.017 0.014 186.620 85.900  


28.355 661.980 O6 diolefin (hexadiene) 0.003 0.003 0.003 158.000 70.000  


28.447 662.780 O7 2-ethyl-3-methylbutene-1 0.006 0.006 0.005 187.448 86.360  


28.573 663.880 O7 4-methylhexene-1 0.013 0.014 0.011 188.114 86.730  


28.887 666.570 O7 4-methyl-t/c-hexene-2 0.027 0.029 0.023 187.358 86.310  


29.038 667.860 I7 2-methylhexane 1.879 2.047 1.563 194.090 90.050  


29.202 669.250 I7 2,3-dimethylpentane 2.449 2.604 2.037 193.604 89.780  


29.487 671.630 N7 1,1-dimethylcyclopentane 0.072 0.070 0.061 189.464 87.480  


29.811 674.300 O7 5-methyl-t-hexene-2 0.022 0.023 0.019 190.598 88.110  


30.022 676.030 I7 3-methylhexane 1.926 2.072 1.602 197.330 91.850  


30.175 677.270 O7 1,6-heptadiene 0.000 0.000 0.000 205.106 96.170  


30.454 679.500 O7 3,4-dimethyl-c-pentene-2 0.012 0.012 0.010 192.650 89.250  


30.760 681.930 N7 1c,3-dimethylcyclopentane 0.656 0.651 0.557 195.386 90.770   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 9 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


31.113 684.700 N7 1t,3-dimethylcyclopentane 0.583 0.576 0.495 197.096 91.720  


31.288 686.050 I7 3-ethylpentane 0.179 0.190 0.149 200.246 93.470  


31.478 687.510 N7 1t,2-dimethylcyclopentane 0.570 0.561 0.484 197.366 91.870  


31.658 688.880 I8 2,2,4-trimethylpentane 2.672 2.855 1.950 210.632 99.240  


31.758 689.640 O7 2-ethylpentene-1 0.007 0.007 0.006 200.552 93.640  


32.215 693.070 O7 O7-[2] 0.001 0.001 0.001 32.000 0.000  


32.453 694.830 O7 3-methyl-c-hexene-3 0.021 0.021 0.017 203.720 95.400  


32.989 698.740 O7 t-heptene-3 0.074 0.078 0.063 204.206 95.670  


33.164 700.000 P7 n-heptane 1.303 1.409 1.084 209.156 98.420  


33.349 701.210 O7 c-heptene-3 0.015 0.016 0.013 204.350 95.750  


33.465 701.970 O7 2-methyl-2-hexene 0.063 0.065 0.053 203.738 95.410  


33.619 702.970 O7 3-methyl-t-hexene-3 0.029 0.031 0.025 200.372 93.540  


33.863 704.550 O7 t-heptene-2 0.029 0.030 0.025 208.310 97.950  


34.093 706.010 O7 3-ethylpentene-2 0.020 0.020 0.017 204.818 96.010  


34.582 709.100 O7 c-heptene-2 0.073 0.076 0.062 209.138 98.410  


34.769 710.270 O7 3-methyl-t-hexene-2 0.001 0.001 0.001 203.324 95.180  


35.095 712.280 O7 2,3-dimethylpentene-2 0.031 0.031 0.026 207.320 97.400  


35.329 713.710 O7 3-ethylcyclopentene 0.004 0.003 0.003 207.986 97.770  


35.422 714.280 -- unknown 0.000 0.000 0.000 32.000 0.000  


35.721 716.090 O7 O7-[3] 0.006 0.006 0.005 32.000 0.000  


35.982 717.650 N7 1c,2-dimethylcyclopentane 0.254 0.256 0.215 211.154 99.530  


36.112 718.420 N7 methylcyclohexane 1.237 1.188 1.050 213.674 100.930  


36.431 720.310 I8 2,2-dimethylhexane 0.037 0.040 0.027 224.312 106.840  


36.539 720.940 N8 1,1,3-trimethylcyclopentane 0.169 0.167 0.126 220.802 104.890  


36.852 722.760 O7 O7-[4] 0.009 0.009 0.007 32.000 0.000  


36.965 723.420 -- unknown 0.002 0.002 0.002 32.000 0.000  


37.148 724.460 O7 O7-[5] 0.004 0.004 0.004 32.000 0.000  


37.252 725.060 -- unknown 0.001 0.001 0.001 32.000 0.000  


37.505 726.500 O7 O7-[6] 0.006 0.006 0.005 32.000 0.000  


37.624 727.170 -- unknown 0.001 0.001 0.001 32.000 0.000  


38.007 729.320 N7 ethylcyclopentane 0.324 0.313 0.276 218.246 103.470   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 10 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


38.131 730.020 I8 2,5-dimethylhexane 0.546 0.582 0.399 228.398 109.110  


38.321 731.070 I8 2,2,3-trimethylpentane 0.105 0.109 0.077 229.730 109.850  


38.468 731.880 I8 2,4-dimethylhexane 0.630 0.665 0.460 228.974 109.430  


38.594 732.570 -- unknown 0.012 0.012 0.009 32.000 0.000  


38.819 733.800 -- unknown 0.001 0.002 0.001 32.000 0.000  


38.928 734.390 O7 O7-[7] 0.002 0.002 0.002 32.000 0.000  


39.166 735.680 O7 O7-[8] 0.002 0.002 0.001 32.000 0.000  


39.477 737.340 N8 1c,2t,4-trimethylcyclopentane 0.276 0.267 0.205 242.132 116.740  


39.694 738.500 I8 3,3-dimethylhexane 0.054 0.057 0.040 233.546 111.970  


40.180 741.050 O7 O7-[9] 0.003 0.003 0.003 32.000 0.000  


40.488 742.650 O7 O7-[10] 0.002 0.002 0.001 32.000 0.000  


40.623 743.350 O7 O7-[11] 0.004 0.004 0.003 32.000 0.000  


40.842 744.470 N8 1t,2c,3-trimethylcyclopentane 0.201 0.193 0.149 230.738 110.410  


41.378 747.190 I8 2,3,4-trimethylpentane 1.180 1.213 0.861 236.246 113.470  


41.598 748.300 I8 I8-[1] 0.073 0.075 0.053 236.246 113.470  


41.895 749.780 O7 O7-[12] 0.019 0.020 0.014 32.000 0.000  


42.199 751.290 I8 2,3,3-trimethylpentane 1.113 1.133 0.812 238.586 114.770  


42.624 753.370 A7 toluene 4.455 3.799 4.031 231.134 110.630  


42.746 753.960 O8 O8-[1] 0.004 0.004 0.003 32.000 0.000  


43.082 755.580 O8 O8-[2] 0.008 0.008 0.006 32.000 0.000  


43.613 758.120 I8 2,3-dimethylhexane 0.497 0.516 0.363 240.098 115.610  


43.742 758.730 I8 2-methyl-3-ethylpentane 0.091 0.095 0.066 240.098 115.610  


44.092 760.370 N8 1,1,2-trimethylcyclopentane 0.010 0.009 0.007 236.714 113.730  


44.535 762.430 O8 O8-[3] 0.026 0.027 0.020 32.000 0.000  


44.938 764.290 I8 2-methylheptane 0.877 0.929 0.640 243.770 117.650  


45.254 765.730 I8 4-methylheptane 0.334 0.351 0.244 243.878 117.710  


45.515 766.910 I8 3-methyl-3-ethylpentane 0.068 0.070 0.049 240.098 115.610  


45.624 767.400 I8 3,4-dimethylhexane 0.084 0.086 0.061 243.914 117.730  


46.254 770.200 N8 1c,2c,4-trimethylcyclopentane 0.105 0.102 0.078 242.168 116.760  


46.655 771.970 I8 3-methylheptane 0.838 0.878 0.612 246.074 118.930  


46.927 773.160 -- unknown 0.172 0.181 0.125 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 11 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


47.012 773.530 N8 1c,2t,3-trimethylcyclopentane 0.394 0.378 0.293 243.500 117.500  


47.179 774.250 I8 3-ethylhexane 0.109 0.113 0.080 245.372 118.540  


47.450 775.420 N8 1t,4-dimethylcyclohexane 0.184 0.178 0.137 246.848 119.360  


47.893 777.310 -- unknown 0.002 0.002 0.005 32.000 0.000  


48.270 778.910 -- unknown 0.001 0.001 0.002 32.000 0.000  


48.431 779.590 O8 O8-[4] 0.001 0.001 0.000 32.000 0.000  


48.779 781.040 N8 1,1-dimethylcyclohexane 0.033 0.031 0.024 247.190 119.550  


49.237 782.930 I9 2,2,5-trimethylhexane 0.596 0.623 0.387 255.362 124.090  


49.666 784.690 N8 3c-ethylmethylcyclopentane 0.202 0.195 0.150 249.980 121.100  


49.894 785.620 O9 2,6-dimethylheptene-1 0.002 0.002 0.002 32.000 0.000  


50.214 786.910 N8 3t-ethylmethylcyclopentane 0.171 0.165 0.127 249.980 121.100  


50.545 788.240 N8 2t-ethylmethylcyclopentane 0.156 0.150 0.116 250.160 121.200  


50.997 790.030 O8 O8-[5] 0.006 0.006 0.005 32.000 0.000  


51.130 790.560 N8 1,1-methylethylcyclopentane 0.021 0.020 0.015 250.754 121.530  


51.819 793.250 N8 1t,2-dimethylcyclohexane 0.182 0.173 0.135 254.174 123.430  


52.039 794.110 O8 t-octene-4 0.007 0.007 0.005 252.068 122.260  


52.428 795.600 O9 3,5,5-trimethylhexene-1 0.001 0.001 0.001 32.000 0.000  


52.887 797.350 N8 1c,2c,3-trimethylcyclopentane 0.030 0.029 0.022 253.400 123.000  


53.589 800.000 P8 n-octane 0.783 0.824 0.571 258.224 125.680  


53.870 801.050 N8 1c,4-dimethylcyclohexane 0.254 0.240 0.188 255.794 124.330  


54.742 804.280 O8 t-octene-2 0.008 0.008 0.006 32.000 0.000  


54.965 805.100 -- unknown 0.005 0.005 0.012 32.000 0.000  


55.341 806.470 I9 I9-[1] 0.037 0.037 0.024 32.000 0.000  


55.439 806.830 -- unknown 0.016 0.017 0.010 32.000 0.000  


55.831 808.240 N8 i-propylcyclopentane 0.080 0.076 0.060 259.574 126.430  


56.495 810.620 -- unknown 0.003 0.004 0.009 32.000 0.000  


57.029 812.500 -- unknown 0.008 0.009 0.022 32.000 0.000  


57.130 812.850 O8 c-octene-2 0.005 0.005 0.003 32.000 0.000  


57.705 814.850 N8 N8-[1] 0.013 0.013 0.010 32.000 0.000  


58.071 816.120 O8 O8-[6] 0.002 0.002 0.002 32.000 0.000  


58.453 817.430 I9 2,2,3,4-tetramethylpentane 0.119 0.119 0.077 271.454 133.030   
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RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 12 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


59.093 819.600 I9 2,3,4-trimethylhexane 0.067 0.067 0.044 282.308 139.060  


59.393 820.610 N8 N8-[2] 0.003 0.003 0.002 32.000 0.000  


59.650 821.470 O9 O9-[1] 0.029 0.030 0.019 32.000 0.000  


60.061 822.840 N8 N8-[3] 0.001 0.001 0.000 32.000 0.000  


60.506 824.300 O9 O9-[2] 0.006 0.006 0.004 32.000 0.000  


61.043 826.060 N8 1c,2-dimethylcyclohexane 0.178 0.165 0.132 265.532 129.740  


61.238 826.690 -- unknown 0.022 0.024 0.017 32.000 0.000  


61.637 827.980 I9 2,3,5-trimethylhexane 0.006 0.007 0.004 268.430 131.350  


61.950 828.980 I9 2,2-dimethylheptane 0.013 0.013 0.008 270.860 132.700  


62.840 831.810 N9 1,1,4-trimethylcyclohexane 0.320 0.306 0.211 275.000 135.000  


63.404 833.570 I9 2,2,3-trimethylhexane 0.151 0.156 0.098 271.220 132.900  


63.988 835.390 I9 2,4-dimethylheptane 0.032 0.033 0.021 271.220 132.900  


64.729 837.660 I9 4,4-dimethylheptane 0.186 0.192 0.121 271.220 132.900  


65.630 840.380 N8 n-propylcyclopentane 0.029 0.027 0.021 267.728 130.960  


65.839 841.010 I9 2,5-dimethylheptane 0.251 0.259 0.163 276.800 136.000  


66.302 842.390 I9 3,3-&3,5-dimethylheptane 0.058 0.059 0.038 278.636 137.020  


66.710 843.590 I9 3,5-dimethylheptane 0.040 0.041 0.026 276.800 136.000  


67.183 844.980 I9 2,6-dimethylheptane 0.068 0.071 0.044 275.396 135.220  


67.814 846.820 N9 1,1,3-trimethylcyclohexane 0.046 0.043 0.030 295.862 146.590  


68.311 848.250 O9 2,4-dimethylheptene-1 0.002 0.002 0.001 32.000 0.000  


69.088 850.460 N8 N8-[4] 0.004 0.004 0.003 32.000 0.000  


69.416 851.390 N9 1c,2t,4t-trimethylcyclohexane 0.019 0.018 0.012 32.000 0.000  


70.259 853.750 A8 ethylbenzene 1.167 0.995 0.916 277.160 136.200  


70.644 854.820 N9 1c,3c,5c-trimethylcyclohexane 0.123 0.116 0.081 32.000 0.000  


71.474 857.100 O9 2-methyloctene-1 0.019 0.021 0.013 32.000 0.000  


71.914 858.300 I9 I9-[2] 0.003 0.003 0.002 32.000 0.000  


72.366 859.520 O9 2-methyloctene-2 0.027 0.030 0.018 32.000 0.000  


74.096 864.120 A8 1,3-dimethylbenzene 3.126 2.674 2.455 282.416 139.120  


74.430 865.000 A8 1,4-dimethylbenzene 1.290 1.108 1.013 281.048 138.360  


75.057 866.630 I9 3,4-dimethylheptane 0.029 0.030 0.019 285.080 140.600  


75.385 867.480 I9 3,4 -dimethylheptane 0.059 0.059 0.038 285.080 140.600   
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RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 13 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


75.922 868.850 N9 N9-[1] 0.026 0.024 0.017 32.000 0.000  


76.359 869.970 I9 I9-[3] 0.073 0.074 0.047 32.000 0.000  


77.238 872.190 I9 4-ethylheptane 0.002 0.002 0.001 288.392 142.440  


77.563 873.000 I9 4-methyloctane 0.259 0.266 0.168 288.392 142.440  


77.960 873.990 I9 2-methyloctane 0.318 0.330 0.207 289.904 143.280  


78.570 875.490 N9 N9-[2] 0.035 0.034 0.023 32.000 0.000  


79.425 877.590 N9 1c,2t,3c-trimethylcyclohexane 0.039 0.038 0.026 304.160 151.200  


79.740 878.350 I9 3-ethylheptane 0.074 0.075 0.048 289.400 143.000  


80.254 879.590 I9 3-methyloctane 0.410 0.420 0.266 291.614 144.230  


80.575 880.360 I9 3,3-diethylpentane 0.020 0.020 0.013 270.842 132.690  


81.013 881.410 -- unknown 0.062 0.066 0.041 32.000 0.000  


81.302 882.100 N9 1c,2t,4c-trimethylcyclohexane 0.017 0.016 0.011 275.000 135.000  


81.677 882.980 N9 1,1,2-trimethylcyclohexane 0.029 0.027 0.019 293.360 145.200  


82.020 883.790 A8 1,2-dimethylbenzene 1.571 1.319 1.234 291.974 144.430  


82.563 885.060 I9 I9-[4] 0.027 0.027 0.017 32.000 0.000  


82.925 885.910 I9 I9-[5] 0.099 0.101 0.065 32.000 0.000  


83.660 887.600 N9 N9-[3] 0.085 0.080 0.056 32.000 0.000  


83.926 888.220 N9 N9-[4] 0.105 0.100 0.070 32.000 0.000  


84.052 888.500 -- unknown 0.038 0.040 0.025 32.000 0.000  


84.435 889.380 O9 nonene-1 0.006 0.006 0.004 274.100 134.500  


84.610 889.780 I9 I9-[6] 0.058 0.059 0.038 32.000 0.000  


85.016 890.700 N9 N9-[5] 0.150 0.142 0.099 32.000 0.000  


85.558 891.920 I9 I9-[7] 0.016 0.016 0.010 32.000 0.000  


86.011 892.930 N9 i-butylcyclopentane 0.031 0.030 0.021 298.346 147.970  


86.223 893.400 N9 N9-[6] 0.021 0.020 0.014 32.000 0.000  


87.061 895.260 -- unknown 0.001 0.001 0.001 32.000 0.000  


87.443 896.100 N9 N9-[7] 0.014 0.014 0.009 32.000 0.000  


87.743 896.760 N9 N9-[8] 0.008 0.008 0.005 32.000 0.000  


88.036 897.400 O9 t-nonene-2 0.007 0.008 0.005 32.000 0.000  


88.255 897.870 O9 t-nonene-3 0.020 0.020 0.013 32.000 0.000  


88.670 898.770 I9 I9-[8] 0.117 0.118 0.076 32.000 0.000   
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RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 14 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


88.810 899.070 -- unknown 0.026 0.028 0.017 32.000 0.000  


89.239 900.000 P9 n-nonane 0.367 0.378 0.239 303.476 150.820  


89.601 901.750 N9 1,1-methylethylcyclohexane 0.088 0.081 0.058 305.924 152.180  


90.176 904.530 N9 N9-[9] 0.009 0.009 0.006 32.000 0.000  


90.428 905.730 N9 N9-[10] 0.026 0.024 0.017 32.000 0.000  


90.712 907.090 O10 t-2,2,5,5-tetramethylhexene-3 0.007 0.007 0.004 32.000 0.000  


91.590 911.260 N9 N9-[11] 0.006 0.006 0.004 32.000 0.000  


92.015 913.270 A9 i-propylbenzene 0.062 0.053 0.043 306.338 152.410  


92.378 914.970 O9 c-nonene-3 0.073 0.079 0.048 32.000 0.000  


92.544 915.750 -- unknown 0.016 0.017 0.010 32.000 0.000  


92.943 917.610 I10 I10-[1] 0.012 0.012 0.007 32.000 0.000  


93.038 918.050 N9 i-propylcyclohexane 0.021 0.019 0.014 310.622 154.790  


93.196 918.790 -- unknown 0.005 0.006 0.004 32.000 0.000  


93.777 921.470 I10 I10-[2] 0.107 0.108 0.063 32.000 0.000  


94.174 923.300 I10 2,2-dimethyloctane 0.034 0.035 0.020 314.420 156.900  


94.449 924.560 I10 2,4-dimethyloctane 0.051 0.052 0.030 312.620 155.900  


94.881 926.530 N9 N9-[12] 0.007 0.006 0.004 32.000 0.000  


95.316 928.510 N9 N9-[13] 0.022 0.021 0.015 32.000 0.000  


95.922 931.240 I10 2,6-dimethyloctane 0.086 0.087 0.050 320.738 160.410  


96.279 932.850 I10 2,5-dimethyloctane 0.078 0.079 0.046 317.300 158.500  


96.546 934.040 -- unknown 0.002 0.003 0.001 32.000 0.000  


97.135 936.660 N9 n-butylcyclopentane 0.058 0.055 0.038 313.916 156.620  


97.347 937.600 I10 I10-[3] 0.031 0.032 0.018 32.000 0.000  


97.498 938.270 N10 N10-[1] 0.036 0.033 0.021 32.000 0.000  


97.762 939.430 -- unknown 0.005 0.006 0.003 32.000 0.000  


98.010 940.530 I10 I10-[4] 0.021 0.021 0.012 32.000 0.000  


98.465 942.520 I10 3,3-dimethyloctane 0.138 0.138 0.081 322.160 161.200  


98.778 943.890 N10 N10-[2] 0.023 0.022 0.014 32.000 0.000  


98.992 944.820 -- unknown 0.019 0.020 0.011 32.000 0.000  


99.161 945.560 -- unknown 0.024 0.026 0.014 32.000 0.000  


99.554 947.260 A9 n-propylbenzene 0.349 0.299 0.242 318.632 159.240   
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RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 15 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


99.850 948.540 I10 3,6-dimethyloctane 0.026 0.026 0.015 321.440 160.800  


100.107 949.640 I10 3-methyl-5-ethylheptane 0.046 0.047 0.027 316.760 158.200  


100.259 950.290 -- unknown 0.006 0.006 0.003 32.000 0.000  


100.572 951.640 N10 N10-[3] 0.028 0.025 0.016 32.000 0.000  


101.243 954.500 -- unknown 0.025 0.026 0.015 32.000 0.000  


101.501 955.590 A9 1,3-methylethylbenzene 1.233 1.054 0.855 322.394 161.330  


101.888 957.230 A9 1,4-methylethylbenzene 0.529 0.454 0.367 323.618 162.010  


102.202 958.550 N10 N10-[4] 0.030 0.028 0.018 32.000 0.000  


102.379 959.290 -- unknown 0.003 0.003 0.002 32.000 0.000  


102.738 960.800 -- unknown 0.002 0.002 0.001 32.000 0.000  


102.947 961.670 -- unknown 0.011 0.011 0.028 32.000 0.000  


103.233 962.860 A9 1,3,5-trimethylbenzene 0.658 0.562 0.456 328.532 164.740  


103.499 963.970 I10 I10-[5] 0.041 0.041 0.024 32.000 0.000  


103.769 965.080 N10 N10-[5] 0.018 0.017 0.011 32.000 0.000  


103.960 965.870 -- unknown 0.006 0.006 0.004 32.000 0.000  


104.196 966.850 I10 I10-[6] 0.003 0.003 0.002 32.000 0.000  


104.512 968.140 I10 5-methylnonane 0.051 0.052 0.030 329.180 165.100  


104.917 969.800 I10 4-methylnonane 0.421 0.420 0.246 32.000 0.000  


105.261 971.210 A9 1,2-methylethylbenzene 0.392 0.329 0.272 329.324 165.180  


105.451 971.980 I10 2-methylnonane 0.120 0.122 0.070 332.654 167.030  


105.571 972.470 -- unknown 0.013 0.014 0.008 32.000 0.000  


105.871 973.690 -- unknown 0.011 0.012 0.007 32.000 0.000  


106.106 974.630 I10 3-ethyloctane 0.025 0.025 0.015 331.700 166.500  


106.179 974.930 -- unknown 0.014 0.015 0.008 32.000 0.000  


106.475 976.120 N10 N10-[6] 0.023 0.021 0.014 32.000 0.000  


106.805 977.450 I10 3-methylnonane 0.148 0.149 0.087 334.040 167.800  


107.020 978.310 -- unknown 0.006 0.007 0.004 32.000 0.000  


107.372 979.710 N10 N10-[7] 0.003 0.003 0.002 32.000 0.000  


107.549 980.420 I10 I10-[7] 0.094 0.094 0.055 32.000 0.000  


107.822 981.510 I10 I10-[8] 0.008 0.008 0.005 32.000 0.000  


108.105 982.630 -- unknown 0.011 0.011 0.006 32.000 0.000   
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RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 16 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


108.558 984.420 A9 1,2,4-trimethylbenzene 1.918 1.619 1.330 336.884 169.380  


108.802 985.380 -- unknown 0.007 0.007 0.005 32.000 0.000  


108.963 986.010 I10 I10-[9] 0.010 0.010 0.006 32.000 0.000  


109.084 986.490 N10 i-butylcyclohexane 0.035 0.033 0.021 340.340 171.300  


109.280 987.250 -- unknown 0.027 0.028 0.016 32.000 0.000  


109.390 987.690 I10 I10-[10] 0.045 0.045 0.026 32.000 0.000  


109.673 988.790 I10 I10-[11] 0.019 0.019 0.011 32.000 0.000  


109.814 989.340 I10 I10-[12] 0.012 0.012 0.007 32.000 0.000  


110.163 990.700 N10 N10-[8] 0.023 0.021 0.013 32.000 0.000  


110.392 991.580 -- unknown 0.003 0.003 0.002 32.000 0.000  


110.797 993.150 O10 decene-1 0.003 0.003 0.002 339.080 170.600  


110.957 993.770 N10 1t-methyl-2-n-propylcyclohexane 0.015 0.014 0.009 339.800 171.000  


111.057 994.150 O10 2,3-dimethyloctene-2 0.057 0.057 0.034 32.000 0.000  


111.167 994.570 I10 I10-[13] 0.016 0.016 0.009 32.000 0.000  


111.472 995.740 A10 i-butylbenzene 0.004 0.003 0.002 343.022 172.790  


111.612 996.280 I10 I10-[14] 0.054 0.054 0.032 32.000 0.000  


111.845 997.170 -- unknown 0.038 0.040 0.022 32.000 0.000  


112.127 998.250 A10 sec-butylbenzene 0.036 0.031 0.022 344.012 173.340  


112.373 999.190 -- unknown 0.008 0.009 0.005 32.000 0.000  


112.586 1000.000 P10 n-decane 0.194 0.197 0.114 345.470 174.150  


112.829 1001.530 I11 I11-[1] 0.028 0.028 0.015 32.000 0.000  


113.185 1003.780 N10 N10-[9] 0.017 0.016 0.010 32.000 0.000  


113.519 1005.880 -- unknown 0.004 0.004 0.002 32.000 0.000  


113.832 1007.840 A9 1,2,3-trimethylbenzene 0.376 0.311 0.261 349.016 176.120  


113.982 1008.770 -- unknown 0.009 0.010 0.006 32.000 0.000  


114.277 1010.610 A10 1,3-methyl-i-propylbenzene 0.041 0.036 0.026 347.144 175.080  


114.702 1013.260 -- unknown 0.009 0.009 0.023 32.000 0.000  


114.838 1014.100 A10 1,4-methyl-i-propylbenzene 0.025 0.022 0.016 350.834 177.130  


115.003 1015.120 -- unknown 0.003 0.003 0.002 32.000 0.000  


115.306 1017.000 I11 I11-[2] 0.026 0.026 0.014 32.000 0.000  


115.575 1018.660 I11 I11-[3] 0.012 0.012 0.006 32.000 0.000   
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RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 17 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


115.869 1020.470 A10 2-3-dihydroindene 0.262 0.201 0.185 352.130 177.850  


116.235 1022.710 -- unknown 0.019 0.020 0.013 32.000 0.000  


116.482 1024.220 N10 sec-butylcyclohexane 0.041 0.037 0.024 354.812 179.340  


116.716 1025.640 I11 I11-[4] 0.008 0.008 0.004 32.000 0.000  


117.063 1027.760 A10 1,2-methyl-i-propylbenzene 0.070 0.059 0.044 352.724 178.180  


117.207 1028.630 -- unknown 0.005 0.006 0.003 32.000 0.000  


117.328 1029.370 I11 3-ethylnonane 0.004 0.004 0.002 32.000 0.000  


117.633 1031.210 -- unknown 0.064 0.068 0.034 32.000 0.000  


117.855 1032.550 N11 N11-[1] 0.027 0.025 0.014 32.000 0.000  


117.926 1032.980 -- unknown 0.018 0.019 0.010 32.000 0.000  


118.095 1034.000 I11 I11-[5] 0.016 0.015 0.008 32.000 0.000  


118.233 1034.830 -- unknown 0.003 0.003 0.002 32.000 0.000  


118.609 1037.090 I11 I11-[6] 0.030 0.028 0.016 32.000 0.000  


118.774 1038.080 -- unknown 0.033 0.035 0.018 32.000 0.000  


119.216 1040.710 A10 1,3-diethylbenzene 0.133 0.114 0.083 358.052 181.140  


119.417 1041.910 -- unknown 0.061 0.065 0.038 32.000 0.000  


119.665 1043.390 A10 1,3-methyl-n-propylbenzene 0.270 0.232 0.168 359.618 182.010  


119.841 1044.430 I11 I11-[7] 0.023 0.023 0.012 32.000 0.000  


120.117 1046.060 A10 1,4-diethylbenzene 0.011 0.009 0.007 362.822 183.790  


120.299 1047.140 A10 1,4-methyl-n-propylbenzene 0.169 0.145 0.105 362.156 183.420  


120.477 1048.190 A10 n-butylbenzene 0.081 0.070 0.051 361.940 183.300  


120.885 1050.580 A10 1,3-dimethyl-5-ethylbenzene 0.284 0.239 0.176 362.516 183.620  


121.209 1052.480 A10 1,2-diethylbenzene 0.030 0.025 0.019 362.228 183.460  


121.352 1053.320 I11 I11-[8] 0.017 0.017 0.009 32.000 0.000  


121.580 1054.650 N10 t-decahydronaphthalene 0.009 0.008 0.005 368.960 187.200  


121.830 1056.110 N11 N11-[2] 0.016 0.015 0.009 32.000 0.000  


122.110 1057.740 -- unknown 0.013 0.014 0.007 32.000 0.000  


122.253 1058.570 A10 1,2-methyl-n-propylbenzene 0.093 0.078 0.057 364.946 184.970  


122.657 1060.910 I11 I11-[9] 0.013 0.013 0.007 32.000 0.000  


122.758 1061.500 I11 I11-[10] 0.066 0.066 0.035 32.000 0.000  


122.966 1062.700 I11 I11-[11] 0.036 0.036 0.019 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 18 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


123.053 1063.200 -- unknown 0.010 0.010 0.005 32.000 0.000  


123.318 1064.730 -- unknown 0.003 0.004 0.002 32.000 0.000  


123.478 1065.640 I11 I11-[12] 0.045 0.045 0.024 32.000 0.000  


123.735 1067.120 -- unknown 0.009 0.009 0.005 32.000 0.000  


124.024 1068.770 A10 1,4,dimethyl-2-ethylbenzene 0.206 0.174 0.128 368.366 186.870  


124.296 1070.320 A10 1,3-dimethyl-4-ethylbenzene 0.258 0.222 0.160 370.832 188.240  


124.575 1071.910 I11 I11-[13] 0.003 0.003 0.002 32.000 0.000  


124.869 1073.580 -- unknown 0.008 0.008 0.004 32.000 0.000  


125.127 1075.050 I11 I11-[14] 0.141 0.141 0.075 32.000 0.000  


125.294 1075.990 A10 1,2-dimethyl-4-ethylbenzene 0.283 0.240 0.176 373.136 189.520  


125.608 1077.770 -- unknown 0.009 0.009 0.005 32.000 0.000  


125.891 1079.360 -- unknown 0.013 0.013 0.008 32.000 0.000  


125.981 1079.870 I11 I11-[15] 0.004 0.004 0.002 32.000 0.000  


126.269 1081.480 A10 1,3-dimethyl-2-ethylbenzene 0.048 0.040 0.030 374.090 190.050  


126.422 1082.340 I11 I11-[16] 0.017 0.017 0.009 32.000 0.000  


126.753 1084.190 -- unknown 0.017 0.018 0.009 32.000 0.000  


126.952 1085.300 I11 I11-[17] 0.008 0.008 0.004 32.000 0.000  


127.183 1086.590 -- unknown 0.015 0.016 0.008 32.000 0.000  


127.517 1088.440 -- unknown 0.008 0.009 0.004 32.000 0.000  


127.595 1088.880 -- unknown 0.011 0.012 0.006 32.000 0.000  


127.863 1090.360 O11 undecene-1 0.020 0.020 0.011 378.860 192.700  


128.200 1092.230 A11 1,4-methyl-t-butylbenzene 0.036 0.031 0.020 32.000 0.000  


128.476 1093.750 A10 1,2-dimethyl-3-ethylbenzene 0.079 0.065 0.049 381.110 193.950  


128.819 1095.630 -- unknown 0.007 0.007 0.004 32.000 0.000  


129.096 1097.150 -- unknown 0.014 0.015 0.009 32.000 0.000  


129.166 1097.540 A11 1,2-ethyl-i-propylbenzene 0.008 0.007 0.005 32.000 0.000  


129.341 1098.490 -- unknown 0.006 0.007 0.004 32.000 0.000  


129.616 1100.000 P11 n-undecane 0.104 0.103 0.055 384.620 195.900  


129.816 1101.500 -- unknown 0.008 0.008 0.004 32.000 0.000  


129.937 1102.400 A11 1,4-ethyl-i-propylbenzene 0.002 0.002 0.001 32.000 0.000  


130.350 1105.490 A10 1,2,4,5-tetramethylbenzene 0.164 0.137 0.102 386.312 196.840   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 19 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


130.592 1107.290 A11 1,2-methyl-n-butylbenzene 0.003 0.002 0.002 390.200 199.000  


130.682 1107.960 -- unknown 0.006 0.006 0.003 32.000 0.000  


130.890 1109.510 A10 1,2,3,5-tetramethylbenzene 0.220 0.183 0.137 388.472 198.040  


131.033 1110.570 -- unknown 0.007 0.007 0.004 32.000 0.000  


131.382 1113.160 -- unknown 0.012 0.012 0.007 32.000 0.000  


131.577 1114.600 -- unknown 0.008 0.008 0.005 32.000 0.000  


131.724 1115.680 -- unknown 0.003 0.004 0.002 32.000 0.000  


131.884 1116.860 -- unknown 0.018 0.018 0.011 32.000 0.000  


132.325 1120.110 -- unknown 0.014 0.015 0.009 32.000 0.000  


132.483 1121.260 -- unknown 0.015 0.016 0.009 32.000 0.000  


132.965 1124.790 A11 1,2-methyl-t-butylbenzene 0.006 0.005 0.003 32.000 0.000  


133.121 1125.930 -- unknown 0.012 0.013 0.007 32.000 0.000  


133.435 1128.220 A10 5-methylindan 0.194 0.161 0.123 32.000 0.000  


133.781 1130.730 I12 I12-[1] 0.047 0.047 0.023 421.340 216.300  


134.185 1133.660 -- unknown 0.007 0.008 0.003 32.000 0.000  


134.303 1134.510 A10 4-methylindan 0.048 0.040 0.031 32.000 0.000  


134.582 1136.530 -- unknown 0.014 0.014 0.009 32.000 0.000  


134.682 1137.250 A11 1,2-ethyl-n-propylbenzene 0.054 0.044 0.030 32.000 0.000  


134.933 1139.060 A10 2-methylindan 0.186 0.152 0.117 368.600 187.000  


135.145 1140.580 A11 1,3-methyl-n-butylbenzene 0.009 0.007 0.005 390.200 199.000  


135.403 1142.430 -- unknown 0.006 0.006 0.003 32.000 0.000  


135.550 1143.490 A12 1,3-di-i-propylbenzene 0.063 0.052 0.032 397.760 203.200  


135.763 1145.010 A11 s-pentylbenzene 0.057 0.048 0.032 401.000 205.000  


135.916 1146.100 -- unknown 0.002 0.002 0.001 32.000 0.000  


136.202 1148.140 -- unknown 0.004 0.004 0.002 32.000 0.000  


136.348 1149.180 -- unknown 0.015 0.016 0.009 32.000 0.000  


136.442 1149.850 A11 n-pentylbenzene 0.043 0.036 0.024 401.720 205.400  


136.509 1150.320 -- unknown 0.026 0.027 0.014 32.000 0.000  


136.806 1152.430 N12 1t-M-2-(4-MP)cyclopentane 0.004 0.004 0.002 32.000 0.000  


137.003 1153.830 A12 1,2-di-i-propylbenzene 0.027 0.023 0.014 399.200 204.000  


137.149 1154.860 -- unknown 0.026 0.028 0.014 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 20 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


137.633 1158.280 -- unknown 0.039 0.041 0.020 32.000 0.000  


137.900 1160.150 A12 1,4-di-i-propylbenzene 0.048 0.040 0.025 410.540 210.300  


138.182 1162.140 -- unknown 0.007 0.007 0.004 32.000 0.000  


138.355 1163.350 A10 tetrahydronaphthalene 0.018 0.014 0.011 405.716 207.620  


138.501 1164.370 -- unknown 0.008 0.008 0.005 32.000 0.000  


138.755 1166.150 -- unknown 0.004 0.005 0.003 32.000 0.000  


138.892 1167.100 I12 I12-[2] 0.052 0.051 0.025 421.340 216.300  


139.187 1169.160 A10 naphthalene 0.160 0.116 0.104 424.382 217.990  


139.513 1171.430 A12 1-t-butyl-3,5-dimethylbenzene 0.004 0.003 0.002 32.000 0.000  


139.854 1173.790 A12 1,4-ethyl-t-butylbenzene 0.073 0.060 0.037 32.000 0.000  


140.259 1176.590 -- unknown 0.026 0.027 0.013 32.000 0.000  


140.551 1178.610 I12 I12-[3] 0.054 0.053 0.026 421.340 216.300  


140.780 1180.190 I12 I12-[4] 0.031 0.030 0.015 421.340 216.300  


141.121 1182.530 -- unknown 0.007 0.007 0.003 32.000 0.000  


141.359 1184.160 I12 I12-[5] 0.032 0.031 0.016 421.340 216.300  


141.610 1185.880 -- unknown 0.011 0.012 0.005 32.000 0.000  


141.904 1187.890 I12 I12-[6] 0.033 0.032 0.016 421.340 216.300  


142.103 1189.240 A12 1,3-di-n-propylbenzene 0.038 0.032 0.020 32.000 0.000  


142.344 1190.880 A12 A12-[1] 0.024 0.020 0.012 32.000 0.000  


142.563 1192.370 O12 dodecene-1 0.006 0.006 0.003 416.120 213.400  


142.919 1194.790 -- unknown 0.007 0.007 0.003 32.000 0.000  


143.261 1197.100 -- unknown 0.005 0.005 0.002 32.000 0.000  


143.564 1199.150 A12 A12-[2] 0.019 0.016 0.010 32.000 0.000  


143.690 1200.000 P12 n-dodecane 0.045 0.044 0.022 421.340 216.300  


143.954 1202.220 -- unknown 0.003 0.003 0.002 32.000 0.000  


144.232 1204.550 -- unknown 0.012 0.013 0.006 32.000 0.000  


144.323 1205.320 -- unknown 0.004 0.004 0.002 32.000 0.000  


144.771 1209.070 -- unknown 0.011 0.012 0.006 32.000 0.000  


144.995 1210.950 -- unknown 0.006 0.006 0.003 32.000 0.000  


145.195 1212.610 A12 1,3,5-triethylbenzene 0.003 0.003 0.002 420.800 216.000  


145.382 1214.170 -- unknown 0.007 0.008 0.004 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 21 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


145.724 1217.020 -- unknown 0.021 0.022 0.011 32.000 0.000  


145.898 1218.470 -- unknown 0.011 0.012 0.006 32.000 0.000  


146.057 1219.780 -- unknown 0.001 0.001 0.001 32.000 0.000  


146.215 1221.090 -- unknown 0.003 0.003 0.001 32.000 0.000  


146.506 1223.500 -- unknown 0.017 0.018 0.009 32.000 0.000  


146.747 1225.490 -- unknown 0.017 0.018 0.009 32.000 0.000  


146.831 1226.190 -- unknown 0.006 0.007 0.003 32.000 0.000  


147.128 1228.630 -- unknown 0.005 0.005 0.002 32.000 0.000  


147.209 1229.290 -- unknown 0.012 0.013 0.006 32.000 0.000  


147.512 1231.780 A12 1,2,4-triethylbenzene 0.013 0.011 0.007 423.500 217.500  


147.735 1233.610 -- unknown 0.005 0.005 0.003 32.000 0.000  


148.062 1236.280 -- unknown 0.003 0.003 0.001 32.000 0.000  


148.188 1237.320 -- unknown 0.005 0.005 0.003 32.000 0.000  


148.238 1237.730 -- unknown 0.008 0.008 0.004 32.000 0.000  


148.473 1239.640 -- unknown 0.001 0.002 0.001 32.000 0.000  


148.811 1242.390 A12 1,4-methyl-n-pentylbenzene 0.035 0.029 0.018 32.000 0.000  


149.096 1244.710 -- unknown 0.009 0.010 0.005 32.000 0.000  


149.249 1245.950 -- unknown 0.004 0.004 0.002 32.000 0.000  


149.389 1247.080 -- unknown 0.003 0.003 0.002 32.000 0.000  


149.676 1249.400 -- unknown 0.005 0.005 0.002 32.000 0.000  


149.959 1251.690 -- unknown 0.006 0.006 0.003 32.000 0.000  


150.156 1253.280 -- unknown 0.008 0.008 0.004 32.000 0.000  


150.544 1256.400 A12 n-hexylbenzene 0.019 0.016 0.010 32.000 0.000  


150.632 1257.110 -- unknown 0.020 0.021 0.010 32.000 0.000  


151.004 1260.090 -- unknown 0.011 0.012 0.006 32.000 0.000  


151.261 1262.140 -- unknown 0.005 0.005 0.002 32.000 0.000  


151.508 1264.110 -- unknown 0.005 0.005 0.002 32.000 0.000  


151.669 1265.390 -- unknown 0.003 0.004 0.002 32.000 0.000  


151.872 1267.010 -- unknown 0.006 0.006 0.003 32.000 0.000  


151.922 1267.410 -- unknown 0.009 0.009 0.004 32.000 0.000  


152.218 1269.770 -- unknown 0.006 0.006 0.003 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 9:50:37 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\106F0601.D\106F0601.CDF   Acquired: 10/31/20 12:48:52 


Sample: ODDB:54929     Analyzed: 11/2/2020 9:49:30 PM 


Processed 637 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 22 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


152.274 1270.210 -- unknown 0.005 0.005 0.003 32.000 0.000  


152.645 1273.150 I13 I13-[1] 0.008 0.008 0.004 455.720 235.400  


152.835 1274.650 A11 1,2,3,4,5-pentamethylbenzene 0.023 0.017 0.013 449.600 232.000  


153.066 1276.480 -- unknown 0.006 0.006 0.003 32.000 0.000  


153.117 1276.880 -- unknown 0.003 0.003 0.002 32.000 0.000  


153.580 1280.530 -- unknown 0.006 0.006 0.003 32.000 0.000  


153.932 1283.290 A11 2-methylnaphthalene 0.090 0.065 0.052 465.890 241.050  


154.421 1287.120 -- unknown 0.010 0.010 0.006 32.000 0.000  


154.571 1288.300 -- unknown 0.002 0.002 0.001 32.000 0.000  


154.712 1289.400 -- unknown 0.003 0.003 0.002 32.000 0.000  


154.918 1291.010 O13 tridecene-1 0.006 0.006 0.003 451.040 232.800  


155.160 1292.890 -- unknown 0.001 0.001 0.000 32.000 0.000  


155.349 1294.360 -- unknown 0.002 0.002 0.001 32.000 0.000  


155.512 1295.630 -- unknown 0.003 0.003 0.001 32.000 0.000  


155.582 1296.170 -- unknown 0.002 0.002 0.001 32.000 0.000  


155.885 1298.520 A11 1-methylnaphthalene 0.035 0.026 0.021 472.352 244.640  


156.076 1300.000 P13 n-tridecane 0.009 0.009 0.004 455.720 235.400  


156.191 1301.040 + C14+ (Summarized) 0.365 0.354 0.153 455.720 235.400   
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Detailed Hydrocarbon Analysis Summary Report - Report Date: 11/2/2020 10:38:17 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930 Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks  


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha  


Location: GC 12 D6730 
Normalized to 100.000% 
 


  


 
  SUMMARY REPORT  


 Group Type Total(Mass%)  Total(Vol%) Total(Mol%) 


 Paraffins: 7.411  8.343 7.211 


 I-Paraffins: 37.151  40.567 31.918 


 Olefins: 3.897  4.203 3.986 


 Naphthenes: 11.428  11.071 9.623 


 Aromatics: 21.877  18.518 16.692 


 Total C14+: 0.356  0.345 0.150 


Total Unknowns: 1.713  1.808 1.182 


      


Oxygenates:      


Total:  16.167(Mass%) 15.146(Vol%)  


Total Oxygen Content: 5.615(Mass%)    


Multisubstituted Aromatics: 13.848(Mass%) 11.754(Vol%)  


Average Molecular Weight: 83.311     


Relative Density: 0.739      


Vapor Pressure :      


Calculated Octane Number: 86.7     


Motor Octane Number (Jenkins Calculation): 78.7    


 IBP T10 T50 T90 FBP 


BP by Mass (Deg F) 31.10 173.30 197.33 329.32 465.89 


BP by Vol (Deg F) 31.10 173.30 197.33 329.32 449.60 


Percent Carbon: 82.916  Percent Hydrogen: 11.470  


Bromine Number (Calc): 7.284 
Particulate Matter Index: 1.102 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 10:38:28 PM 


 
RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF  
Sample: ODDB:54930  
Processed 651 Peaks  
Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha 
 
Comments: 


 
Acquired: 10/31/20 16:09:43  
Analyzed: 11/2/2020 10:37:26 PM 


 


 
Normalized to xxx% 
 
Int Std: NONE  
Int Std Amt: 0.000  
Sample Wt: 1.000 Sample Den: 1.000 


 


Oxygenates     


Compound Mass% Mass% Oxygen Vol% 


ethanol : X2 16.167 5.615 15.146 
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 10:38:28 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930 Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks   


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha   


Comments: 
Yield: 100.000%  
  


 Int Std: NONE  


 Int Std Amt: 0.0000  
 Sample Wt: 1.0000 Sample Den: 1.000 


   
 
Totals by Group Type & Carbon Number (in Mass Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.002 0.000  0.000 0.000 0.000 0.000 0.002 


C4 0.472 0.097  0.045 0.000 0.000 0.001 0.615 


C5 2.365 6.599  1.633 0.323 0.000 0.001 10.921 


C6 1.782 7.446  1.130 3.088 0.681 0.042 14.170 


C7 1.302 8.110  0.732 3.693 4.450 0.009 18.297 


C8 0.770 9.310  0.066 2.687 7.143 0.201 20.176 


C9 0.366 3.188  0.191 1.295 5.504 0.179 10.723 


C10 0.194 1.677  0.069 0.295 3.413 0.229 5.876 


C11 0.104 0.496  0.020 0.042 0.373 0.370 1.404 


C12 0.044 0.221  0.004 0.004 0.312 0.385 0.971 


C13 0.009 0.008  0.006 0.000 0.000 0.298 0.321 


Total: 7.411 37.151  3.897 11.428 21.877 1.713 81.764 


 Oxygenates 16.167  Total C14+: 0.356   


 Total Unknowns: 1.713  Grand Total: 100.000   
 


 


Totals by Group Type & Carbon Number (in Volume Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C3 0.002 0.000  0.000 0.000 0.000 0.000 0.002 


C4 0.603 0.129  0.054 0.000 0.000 0.001 0.787 


C5 2.792 7.872  1.828 0.320 0.000 0.001 12.813 


C6 1.998 8.369  1.188 3.020 0.573 0.044 15.192 


C7 1.408 8.750  0.763 3.613 3.794 0.009 18.338 


C8 0.810 9.765  0.067 2.577 6.086 0.212 19.517 


C9 0.377 3.276  0.202 1.226 4.670 0.189 9.942 


C10 0.196 1.687  0.070 0.272 2.840 0.241 5.306 


C11 0.103 0.493  0.020 0.039 0.296 0.390 1.340 


C12 0.044 0.217  0.004 0.004 0.259 0.406 0.934 


C13 0.009 0.008  0.006 0.000 0.000 0.315 0.337 


Total: 8.343 40.567  4.203 11.071 18.518 1.808 82.701 


 Oxygenates 15.146  Total C14+: 0.345   


 Total Unknowns: 1.808  Grand Total: 100.000   
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Detailed Hydrocarbon Analysis Detail Report - Report Date: 11/2/2020 10:38:28 PM 


  


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930 Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks   


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha   


Comments: 
Yield: 100.000%  
  


 Int Std: NONE  


 Int Std Amt: 0.0000  
 Sample Wt: 1.0000 Sample Den: 1.000 


   
 
Totals by Group Type & Carbon Number (in Mol Percent) 
 


 Paraffins I-Paraffins Olefins Naphthenes Aromatics Unknowns Total 


C1 0.000 0.000  0.000 0.000 0.000 0.000 0.000 


C2 0.001 0.000  0.000 0.000 0.000 0.000 0.001 


C3 0.003 0.000  0.000 0.000 0.000 0.000 0.003 


C4 0.677 0.140  0.067 0.000 0.000 0.001 0.884 


C5 2.731 7.619  1.944 0.384 0.000 0.001 12.679 


C6 1.723 7.199  1.124 3.057 0.727 0.107 13.936 


C7 1.083 6.743  0.620 3.134 4.024 0.012 15.615 


C8 0.562 6.790  0.048 1.995 5.605 0.152 15.151 


C9 0.238 2.071  0.126 0.855 3.815 0.151 7.256 


C10 0.114 0.982  0.041 0.175 2.149 0.159 3.620 


C11 0.055 0.264  0.011 0.023 0.212 0.232 0.797 


C12 0.022 0.108  0.002 0.002 0.160 0.214 0.508 


C13 0.004 0.004  0.003 0.000 0.000 0.154 0.164 


Total: 7.211 31.918  3.986 9.623 16.692 1.182 69.432 


 Oxygenates 29.236  Total C14+: 0.150   


 Total Unknowns: 1.182  Grand Total: 100.000   







 


D115 


Detailed Hydrocarbon Analysis - Dienes (Di-Olefins) Detail Report - Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks        


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha    


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
      


   Diene Components Listed in Chromatographic Order Page: 5 


Minutes Index Group Component Mass % Volume % Mol %   
         


8.987 395.090 O4 1,3-butadiene 0.000 0.000 0.000   


13.019 481.240 O5 1,4-pentadiene 0.001 0.001 0.001   


14.848 506.130 O5 2-methylbutadiene-1,3 0.007 0.007 0.008   


16.186 527.970 O5 1t,3-pentadiene 0.007 0.008 0.009   


16.886 538.220 O5 cyclopentadiene 0.005 0.006 0.006   


20.391 581.040 O6 1,5-hexadiene 0.000 0.000 0.000   


21.990 597.110 O6 1c/t,4-hexadiene 0.000 0.000 0.000   


25.274 632.960 O7 cyclic diolefin or triolefin-[1] 0.002 0.002 0.002   


25.837 638.600 O7 cyclic diolefin or triolefin-[2] 0.006 0.007 0.007   


28.354 661.970 O6 diolefin (hexadiene) 0.003 0.003 0.003   


30.187 677.370 O7 1,6-heptadiene 0.000 0.000 0.000   


36.537 720.930 N8 1,1,3-trimethylcyclopentane 0.160 0.158 0.119   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 6 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


6.434 100.000 P1 methane 0.000 0.000 0.000 -258.700 -161.500  


6.620 200.000 P2 ethane 0.000 0.000 0.001 -127.480 -88.600  


7.114 293.490 O3 propylene 0.000 0.000 0.000 -53.896 -47.720  


7.176 300.000 P3 propane 0.002 0.002 0.003 -43.672 -42.040  


8.191 366.110 I4 i-butane 0.097 0.129 0.140 10.904 -11.720  


8.342 372.500 -- unknown 0.000 0.000 0.000 32.000 0.000  


8.705 386.000 -- unknown 0.000 0.000 0.000 32.000 0.000  


8.826 390.030 O4 butene-1 0.002 0.003 0.003 20.750 -6.250  


8.879 391.710 O4 isobutylene 0.003 0.004 0.004 20.750 -6.250  


8.987 395.090 O4 1,3-butadiene 0.000 0.000 0.000 24.062 -4.410  


9.154 400.000 P4 n-butane 0.472 0.603 0.677 31.100 -0.500  


9.545 412.300 O4 t-butene-2 0.017 0.021 0.025 33.584 0.880  


9.642 415.130 I5 2,2-dimethylpropane 0.003 0.004 0.004 49.100 9.500  


9.867 421.360 -- unknown 0.001 0.001 0.001 32.000 0.000  


10.130 428.130 O4 c-butene-2 0.023 0.027 0.034 38.696 3.720  


11.754 461.600 X2 ethanol 16.167 15.146 29.236 173.300 78.500  


12.772 477.720 I5 i-pentane 6.596 7.868 7.616 82.112 27.840  


13.019 481.240 O5 1,4-pentadiene 0.001 0.001 0.001 78.728 25.960  


13.746 490.880 O5 pentene-1 0.116 0.134 0.138 85.928 29.960  


14.222 496.690 O5 2-methylbutene-1 0.268 0.305 0.319 88.070 31.150  


14.506 500.000 P5 n-pentane 2.365 2.792 2.731 96.908 36.060  


14.848 506.130 O5 2-methylbutadiene-1,3 0.007 0.007 0.008 93.308 34.060  


15.095 510.410 O5 t-pentene-2 0.350 0.399 0.416 97.412 36.340  


15.466 516.610 O5 3,3-dimethylbutene-1 0.005 0.005 0.006 106.232 41.240  


15.636 519.370 O5 c-pentene-2 0.194 0.219 0.231 98.474 36.930  


15.795 521.910 -- unknown 0.000 0.000 0.001 32.000 0.000  


15.974 524.700 O5 2-methylbutene-2 0.585 0.653 0.695 101.408 38.560  


16.186 527.970 O5 1t,3-pentadiene 0.007 0.008 0.009 107.636 42.020  


16.307 529.790 -- unknown 0.001 0.001 0.001 32.000 0.000  


16.886 538.220 O5 cyclopentadiene 0.005 0.006 0.006 32.000 0.000  


17.014 540.030 I6 2,2-dimethylbutane 0.419 0.477 0.405 121.514 49.730  
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 7 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


18.313 557.170 O5 cyclopentene 0.095 0.091 0.117 111.614 44.230  


18.680 561.670 O6 4-methylpentene-1 0.022 0.025 0.022 128.948 53.860  


18.748 562.490 O6 3-methylpentene-1 0.037 0.041 0.036 129.506 54.170  


19.105 566.720 N5 cyclopentane 0.323 0.320 0.384 120.650 49.250  


19.291 568.880 I6 2,3-dimethylbutane 1.276 1.426 1.234 136.364 57.980  


19.447 570.670 -- unknown 0.040 0.043 0.105 32.000 0.000  


19.564 572.000 O6 2,3-dimethylbutene-1 0.016 0.017 0.016 132.098 55.610  


19.704 573.570 I6 2-methylpentane 3.545 4.012 3.427 140.468 60.260  


19.836 575.030 O6 4-methyl-t-pentene-2 0.064 0.071 0.064 137.480 58.600  


19.909 575.840 -- unknown 0.000 0.000 0.000 32.000 0.000  


20.391 581.040 O6 1,5-hexadiene 0.000 0.000 0.000 139.010 59.450  


20.810 585.420 I6 3-methylpentane 2.206 2.454 2.133 145.886 63.270  


21.262 590.010 O6 2-methylpentene-1 0.107 0.115 0.106 143.780 62.100  


21.352 590.900 O6 hexene-1 0.046 0.050 0.045 146.246 63.470  


21.990 597.110 O6 1c/t,4-hexadiene 0.000 0.000 0.000 149.000 65.000  


22.296 600.000 P6 n-hexane 1.782 1.998 1.723 155.714 68.730  


22.522 602.700 O6 t-hexene-3 0.070 0.076 0.069 152.744 67.080  


22.589 603.490 O6 c-hexene-3 0.023 0.025 0.023 151.592 66.440  


22.740 605.280 O6 t-hexene-2 0.137 0.148 0.135 154.184 67.880  


22.828 606.320 -- unknown 0.000 0.000 0.000 32.000 0.000  


22.943 607.660 O6 2-methylpentene-2 0.174 0.187 0.173 153.140 67.300  


23.023 608.570 O6 4-methylcyclopentene 0.047 0.046 0.048 148.820 64.900  


23.185 610.440 O6 3-methyl-c-pentene-2 0.106 0.112 0.105 153.842 67.690  


23.308 611.840 O6 3-methylcyclopentene 0.025 0.025 0.026 149.000 65.000  


23.417 613.080 O6 O6-[1] 0.000 0.000 0.000 32.000 0.000  


23.548 614.550 O6 c-hexene-2 0.074 0.079 0.074 155.984 68.880  


23.786 617.190 O6 O6-[2] 0.001 0.001 0.001 32.000 0.000  


24.113 620.770 O7 3,3-dimethylpentene-1 0.163 0.172 0.139 171.446 77.470  


24.245 622.200 -- unknown 0.001 0.001 0.002 32.000 0.000  


24.299 622.780 -- unknown 0.002 0.002 0.005 32.000 0.000  


24.408 623.940 I7 2,2-dimethylpentane 0.098 0.107 0.081 174.542 79.190   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 8 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


24.624 626.230 N6 methylcyclopentane 2.308 2.279 2.285 161.240 71.800  


25.036 630.520 I7 2,4-dimethylpentane 1.443 1.586 1.200 176.882 80.490  


25.274 632.960 O7 cyclic diolefin or triolefin-[1] 0.002 0.002 0.002 32.000 0.000  


25.457 634.800 I7 2,2,3-trimethylbutane 0.046 0.049 0.038 177.584 80.880  


25.624 636.480 -- unknown 0.002 0.002 0.002 32.000 0.000  


25.837 638.600 O7 cyclic diolefin or triolefin-[2] 0.006 0.007 0.007 32.000 0.000  


26.174 641.900 O7 O7-[1] 0.002 0.002 0.002 32.000 0.000  


26.286 642.980 O7 3,4-dimethylpentene-1 0.006 0.006 0.005 177.422 80.790  


26.657 646.530 O7 4,4-dimethyl-c-pentene-2 0.008 0.008 0.007 176.756 80.420  


26.803 647.910 O7 2,4-dimethylpentene-1 0.008 0.008 0.007 178.880 81.600  


26.905 648.860 O6 1-methylcyclopentene 0.177 0.167 0.179 167.864 75.480  


27.104 650.720 A6 benzene 0.681 0.573 0.727 176.162 80.090  


27.287 652.400 O7 2-methyl-c-hexene-3 0.004 0.004 0.003 186.800 86.000  


27.502 654.370 I7 3,3-dimethylpentane 0.090 0.096 0.075 186.908 86.060  


27.606 655.320 O7 5-methylhexene-1 0.011 0.012 0.009 185.558 85.310  


27.795 657.020 -- unknown 0.004 0.004 0.003 32.000 0.000  


27.928 658.210 N6 cyclohexane 0.780 0.741 0.772 177.296 80.720  


28.224 660.830 O7 2-methyl-t-hexene-3 0.016 0.017 0.014 186.620 85.900  


28.354 661.970 O6 diolefin (hexadiene) 0.003 0.003 0.003 158.000 70.000  


28.445 662.770 O7 2-ethyl-3-methylbutene-1 0.006 0.006 0.005 187.448 86.360  


28.573 663.880 O7 4-methylhexene-1 0.013 0.014 0.011 188.114 86.730  


28.886 666.570 O7 4-methyl-t/c-hexene-2 0.025 0.027 0.021 187.358 86.310  


29.039 667.870 I7 2-methylhexane 1.883 2.051 1.566 194.090 90.050  


29.202 669.250 I7 2,3-dimethylpentane 2.445 2.600 2.033 193.604 89.780  


29.487 671.630 N7 1,1-dimethylcyclopentane 0.072 0.070 0.061 189.464 87.480  


29.810 674.300 O7 5-methyl-t-hexene-2 0.022 0.023 0.019 190.598 88.110  


30.022 676.030 I7 3-methylhexane 1.925 2.071 1.601 197.330 91.850  


30.187 677.370 O7 1,6-heptadiene 0.000 0.000 0.000 205.106 96.170  


30.452 679.490 O7 3,4-dimethyl-c-pentene-2 0.012 0.012 0.010 192.650 89.250  


30.759 681.930 N7 1c,3-dimethylcyclopentane 0.656 0.651 0.557 195.386 90.770  


31.112 684.690 N7 1t,3-dimethylcyclopentane 0.583 0.576 0.495 197.096 91.720   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 9 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


31.289 686.050 I7 3-ethylpentane 0.179 0.189 0.149 200.246 93.470  


31.479 687.510 N7 1t,2-dimethylcyclopentane 0.571 0.561 0.484 197.366 91.870  


31.659 688.890 I8 2,2,4-trimethylpentane 2.672 2.854 1.948 210.632 99.240  


31.752 689.590 O7 2-ethylpentene-1 0.008 0.008 0.007 200.552 93.640  


32.213 693.050 O7 O7-[2] 0.001 0.001 0.001 32.000 0.000  


32.452 694.820 O7 3-methyl-c-hexene-3 0.021 0.021 0.017 203.720 95.400  


32.987 698.720 O7 t-heptene-3 0.074 0.078 0.063 204.206 95.670  


33.164 700.000 P7 n-heptane 1.302 1.408 1.083 209.156 98.420  


33.463 701.960 O7 2-methyl-2-hexene 0.078 0.080 0.066 203.738 95.410  


33.617 702.960 O7 3-methyl-t-hexene-3 0.029 0.031 0.025 200.372 93.540  


33.862 704.540 O7 t-heptene-2 0.029 0.030 0.025 208.310 97.950  


34.091 706.000 O7 3-ethylpentene-2 0.019 0.020 0.016 204.818 96.010  


34.224 706.850 -- unknown 0.000 0.000 0.000 32.000 0.000  


34.575 709.060 O7 c-heptene-2 0.073 0.076 0.062 209.138 98.410  


34.767 710.260 O7 3-methyl-t-hexene-2 0.001 0.001 0.001 203.324 95.180  


35.096 712.290 O7 2,3-dimethylpentene-2 0.031 0.032 0.027 207.320 97.400  


35.327 713.700 O7 3-ethylcyclopentene 0.004 0.003 0.003 207.986 97.770  


35.433 714.350 -- unknown 0.000 0.000 0.000 32.000 0.000  


35.720 716.080 O7 O7-[3] 0.006 0.006 0.005 32.000 0.000  


35.981 717.650 N7 1c,2-dimethylcyclopentane 0.271 0.274 0.230 211.154 99.530  


36.113 718.430 N7 methylcyclohexane 1.218 1.170 1.034 213.674 100.930  


36.462 720.490 I8 2,2-dimethylhexane 0.046 0.049 0.034 224.312 106.840  


36.537 720.930 N8 1,1,3-trimethylcyclopentane 0.160 0.158 0.119 220.802 104.890  


36.849 722.750 O7 O7-[4] 0.009 0.009 0.007 32.000 0.000  


36.960 723.380 O7 O7-[5] 0.002 0.002 0.002 32.000 0.000  


37.148 724.460 O7 O7-[6] 0.005 0.005 0.004 32.000 0.000  


37.296 725.310 -- unknown 0.001 0.001 0.001 32.000 0.000  


37.504 726.490 O7 O7-[7] 0.006 0.006 0.005 32.000 0.000  


37.621 727.160 -- unknown 0.001 0.001 0.001 32.000 0.000  


38.007 729.320 N7 ethylcyclopentane 0.322 0.311 0.273 218.246 103.470  


38.130 730.010 I8 2,5-dimethylhexane 0.548 0.584 0.400 228.398 109.110   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 10 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


38.322 731.070 I8 2,2,3-trimethylpentane 0.103 0.106 0.075 229.730 109.850  


38.468 731.880 I8 2,4-dimethylhexane 0.633 0.669 0.462 228.974 109.430  


38.603 732.620 -- unknown 0.010 0.011 0.007 32.000 0.000  


38.819 733.800 -- unknown 0.002 0.002 0.001 32.000 0.000  


38.931 734.400 O7 O7-[8] 0.002 0.002 0.001 32.000 0.000  


39.163 735.660 O7 O7-[9] 0.002 0.002 0.001 32.000 0.000  


39.475 737.330 N8 1c,2t,4-trimethylcyclopentane 0.276 0.267 0.205 242.132 116.740  


39.692 738.480 I8 3,3-dimethylhexane 0.054 0.056 0.040 233.546 111.970  


40.178 741.040 O7 O7-[10] 0.003 0.003 0.003 32.000 0.000  


40.482 742.620 O7 O7-[11] 0.002 0.002 0.001 32.000 0.000  


40.624 743.350 O7 O7-[12] 0.004 0.004 0.004 32.000 0.000  


40.839 744.450 N8 1t,2c,3-trimethylcyclopentane 0.200 0.192 0.149 230.738 110.410  


41.377 747.190 I8 2,3,4-trimethylpentane 1.179 1.212 0.860 236.246 113.470  


41.596 748.290 I8 I8-[1] 0.073 0.075 0.053 236.246 113.470  


41.894 749.770 O7 O7-[13] 0.019 0.019 0.014 32.000 0.000  


42.199 751.280 I8 2,3,3-trimethylpentane 1.112 1.132 0.811 238.586 114.770  


42.627 753.380 A7 toluene 4.450 3.794 4.024 231.134 110.630  


42.754 753.990 O8 O8-[1] 0.004 0.004 0.003 32.000 0.000  


42.937 754.880 O8 O8-[2] 0.001 0.001 0.001 32.000 0.000  


43.082 755.580 O8 O8-[3] 0.006 0.006 0.004 32.000 0.000  


43.190 756.100 -- unknown 0.001 0.001 0.001 32.000 0.000  


43.611 758.100 I8 2,3-dimethylhexane 0.517 0.536 0.377 240.098 115.610  


43.781 758.910 I8 2-methyl-3-ethylpentane 0.071 0.074 0.052 240.098 115.610  


44.085 760.340 -- unknown 0.006 0.006 0.004 32.000 0.000  


44.135 760.570 N8 1,1,2-trimethylcyclopentane 0.004 0.004 0.003 236.714 113.730  


44.534 762.420 O8 O8-[4] 0.026 0.027 0.020 32.000 0.000  


44.938 764.280 I8 2-methylheptane 0.876 0.928 0.639 243.770 117.650  


45.254 765.720 I8 4-methylheptane 0.334 0.350 0.244 243.878 117.710  


45.513 766.890 I8 3-methyl-3-ethylpentane 0.067 0.070 0.049 240.098 115.610  


45.621 767.380 I8 3,4-dimethylhexane 0.084 0.086 0.061 243.914 117.730  


46.245 770.160 N8 1c,2c,4-trimethylcyclopentane 0.105 0.102 0.078 242.168 116.760   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 11 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


46.653 771.960 I8 3-methylheptane 0.837 0.877 0.610 246.074 118.930  


46.927 773.160 -- unknown 0.179 0.188 0.130 32.000 0.000  


47.012 773.520 N8 1c,2t,3-trimethylcyclopentane 0.391 0.375 0.291 243.500 117.500  


47.178 774.240 I8 3-ethylhexane 0.104 0.108 0.076 245.372 118.540  


47.451 775.420 N8 1t,4-dimethylcyclohexane 0.184 0.178 0.136 246.848 119.360  


47.894 777.310 -- unknown 0.002 0.002 0.005 32.000 0.000  


48.275 778.920 -- unknown 0.001 0.001 0.002 32.000 0.000  


48.427 779.560 O8 O8-[5] 0.001 0.001 0.000 32.000 0.000  


48.775 781.020 N8 1,1-dimethylcyclohexane 0.033 0.031 0.024 247.190 119.550  


49.237 782.930 I9 2,2,5-trimethylhexane 0.595 0.622 0.387 255.362 124.090  


49.668 784.690 N8 3c-ethylmethylcyclopentane 0.202 0.194 0.150 249.980 121.100  


49.877 785.540 O9 2,6-dimethylheptene-1 0.003 0.003 0.002 32.000 0.000  


50.212 786.890 N8 3t-ethylmethylcyclopentane 0.171 0.165 0.127 249.980 121.100  


50.544 788.220 N8 2t-ethylmethylcyclopentane 0.156 0.150 0.116 250.160 121.200  


50.996 790.020 O8 O8-[6] 0.006 0.006 0.004 32.000 0.000  


51.118 790.500 N8 1,1-methylethylcyclopentane 0.021 0.020 0.016 250.754 121.530  


51.821 793.250 N8 1t,2-dimethylcyclohexane 0.181 0.173 0.135 254.174 123.430  


52.033 794.080 O8 t-octene-4 0.007 0.008 0.005 252.068 122.260  


52.422 795.570 O9 3,5,5-trimethylhexene-1 0.001 0.001 0.001 32.000 0.000  


52.883 797.330 N8 1c,2c,3-trimethylcyclopentane 0.030 0.029 0.022 253.400 123.000  


53.346 799.080 N8 1t,3-dimethylcyclohexane 0.012 0.012 0.009 254.174 123.430  


53.591 800.000 P8 n-octane 0.770 0.810 0.562 258.224 125.680  


53.869 801.040 N8 1c,4-dimethylcyclohexane 0.253 0.239 0.188 255.794 124.330  


54.740 804.270 O8 t-octene-2 0.008 0.008 0.006 32.000 0.000  


54.963 805.090 -- unknown 0.005 0.005 0.012 32.000 0.000  


55.339 806.460 I9 I9-[1] 0.037 0.038 0.024 32.000 0.000  


55.442 806.830 -- unknown 0.015 0.016 0.010 32.000 0.000  


55.829 808.230 N8 i-propylcyclopentane 0.080 0.076 0.059 259.574 126.430  


56.496 810.610 -- unknown 0.004 0.004 0.009 32.000 0.000  


57.029 812.490 -- unknown 0.008 0.009 0.022 32.000 0.000  


57.128 812.840 O8 c-octene-2 0.004 0.004 0.003 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 12 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


57.402 813.800 -- unknown 0.001 0.001 0.001 32.000 0.000  


57.701 814.840 N8 N8-[1] 0.013 0.013 0.010 32.000 0.000  


58.060 816.080 O8 O8-[7] 0.002 0.002 0.002 32.000 0.000  


58.451 817.420 I9 2,2,3,4-tetramethylpentane 0.119 0.119 0.077 271.454 133.030  


59.091 819.590 I9 2,3,4-trimethylhexane 0.067 0.067 0.044 282.308 139.060  


59.392 820.600 N8 N8-[2] 0.003 0.003 0.002 32.000 0.000  


59.647 821.450 O9 O9-[1] 0.029 0.030 0.019 32.000 0.000  


60.056 822.810 N8 N8-[3] 0.001 0.001 0.001 32.000 0.000  


60.503 824.290 O9 O9-[2] 0.006 0.006 0.004 32.000 0.000  


61.039 826.040 N8 1c,2-dimethylcyclohexane 0.180 0.167 0.134 265.532 129.740  


61.253 826.740 -- unknown 0.020 0.021 0.015 32.000 0.000  


61.636 827.970 I9 2,3,5-trimethylhexane 0.006 0.006 0.004 268.430 131.350  


61.946 828.970 I9 2,2-dimethylheptane 0.012 0.013 0.008 270.860 132.700  


62.837 831.790 N9 1,1,4-trimethylcyclohexane 0.319 0.306 0.211 275.000 135.000  


63.401 833.560 I9 2,2,3-trimethylhexane 0.151 0.156 0.098 271.220 132.900  


63.985 835.370 I9 2,4-dimethylheptane 0.032 0.033 0.021 271.220 132.900  


64.729 837.660 I9 4,4-dimethylheptane 0.184 0.190 0.119 271.220 132.900  


65.026 838.560 N8 ethylcyclohexane 0.001 0.001 0.001 269.222 131.790  


65.611 840.320 N8 n-propylcyclopentane 0.025 0.024 0.019 267.728 130.960  


65.838 841.000 I9 2,5-dimethylheptane 0.255 0.263 0.165 276.800 136.000  


66.297 842.370 I9 3,3-&3,5-dimethylheptane 0.058 0.059 0.038 278.636 137.020  


66.708 843.590 I9 3,5-dimethylheptane 0.040 0.040 0.026 276.800 136.000  


67.185 844.980 I9 2,6-dimethylheptane 0.068 0.071 0.044 275.396 135.220  


67.811 846.800 N9 1,1,3-trimethylcyclohexane 0.046 0.043 0.030 295.862 146.590  


68.307 848.240 O9 2,4-dimethylheptene-1 0.002 0.002 0.001 32.000 0.000  


68.882 849.880 -- unknown 0.002 0.002 0.001 32.000 0.000  


69.088 850.460 N8 N8-[4] 0.003 0.003 0.002 32.000 0.000  


69.413 851.380 N9 1c,2t,4t-trimethylcyclohexane 0.019 0.018 0.012 32.000 0.000  


70.264 853.770 A8 ethylbenzene 1.165 0.993 0.914 277.160 136.200  


70.641 854.810 N9 1c,3c,5c-trimethylcyclohexane 0.122 0.116 0.081 32.000 0.000  


71.473 857.100 O9 2-methyloctene-1 0.019 0.021 0.013 32.000 0.000   







 


D123 


Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 13 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


71.908 858.280 I9 I9-[2] 0.003 0.003 0.002 32.000 0.000  


72.363 859.510 O9 2-methyloctene-2 0.027 0.030 0.018 32.000 0.000  


74.102 864.140 A8 1,3-dimethylbenzene 3.126 2.673 2.453 282.416 139.120  


74.437 865.020 A8 1,4-dimethylbenzene 1.282 1.101 1.006 281.048 138.360  


75.057 866.630 I9 3,4-dimethylheptane 0.029 0.030 0.019 285.080 140.600  


75.385 867.470 I9 3,4 -dimethylheptane 0.059 0.059 0.038 285.080 140.600  


75.920 868.850 N9 N9-[1] 0.026 0.024 0.017 32.000 0.000  


76.357 869.960 I9 I9-[3] 0.073 0.074 0.047 32.000 0.000  


77.201 872.090 I9 4-ethylheptane 0.002 0.002 0.001 288.392 142.440  


77.565 873.000 I9 4-methyloctane 0.259 0.266 0.168 288.392 142.440  


77.962 873.990 I9 2-methyloctane 0.317 0.329 0.206 289.904 143.280  


78.571 875.500 N9 N9-[2] 0.035 0.034 0.023 32.000 0.000  


79.425 877.590 N9 1c,2t,3c-trimethylcyclohexane 0.038 0.037 0.025 304.160 151.200  


79.737 878.350 I9 3-ethylheptane 0.074 0.075 0.048 289.400 143.000  


80.248 879.580 I9 3-methyloctane 0.409 0.419 0.265 291.614 144.230  


80.574 880.370 I9 3,3-diethylpentane 0.020 0.020 0.013 270.842 132.690  


81.012 881.410 -- unknown 0.062 0.066 0.041 32.000 0.000  


81.300 882.100 N9 1c,2t,4c-trimethylcyclohexane 0.017 0.016 0.011 275.000 135.000  


81.647 882.920 N9 1,1,2-trimethylcyclohexane 0.025 0.023 0.017 293.360 145.200  


82.025 883.810 A8 1,2-dimethylbenzene 1.571 1.319 1.233 291.974 144.430  


82.561 885.060 I9 I9-[4] 0.027 0.027 0.017 32.000 0.000  


82.924 885.910 I9 I9-[5] 0.099 0.100 0.064 32.000 0.000  


83.656 887.600 N9 N9-[3] 0.085 0.080 0.056 32.000 0.000  


83.923 888.210 N9 N9-[4] 0.105 0.100 0.069 32.000 0.000  


84.050 888.500 -- unknown 0.038 0.040 0.025 32.000 0.000  


84.419 889.350 O9 nonene-1 0.005 0.005 0.003 274.100 134.500  


84.612 889.790 I9 I9-[6] 0.058 0.059 0.038 32.000 0.000  


85.014 890.700 N9 N9-[5] 0.150 0.142 0.099 32.000 0.000  


85.557 891.920 I9 I9-[7] 0.016 0.016 0.010 32.000 0.000  


86.008 892.930 N9 i-butylcyclopentane 0.031 0.029 0.021 298.346 147.970  


86.220 893.400 N9 N9-[6] 0.021 0.020 0.014 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 14 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


87.085 895.320 -- unknown 0.001 0.001 0.001 32.000 0.000  


87.447 896.110 N9 N9-[7] 0.014 0.014 0.009 32.000 0.000  


87.739 896.750 N9 N9-[8] 0.008 0.008 0.005 32.000 0.000  


88.032 897.390 O9 t-nonene-2 0.007 0.008 0.005 32.000 0.000  


88.253 897.870 O9 t-nonene-3 0.020 0.020 0.013 32.000 0.000  


88.667 898.770 I9 I9-[8] 0.119 0.120 0.077 32.000 0.000  


88.821 899.100 -- unknown 0.024 0.025 0.015 32.000 0.000  


89.236 900.000 P9 n-nonane 0.366 0.377 0.238 303.476 150.820  


89.599 901.750 N9 1,1-methylethylcyclohexane 0.088 0.081 0.058 305.924 152.180  


90.172 904.520 N9 N9-[9] 0.009 0.009 0.006 32.000 0.000  


90.423 905.720 N9 N9-[10] 0.025 0.024 0.017 32.000 0.000  


90.704 907.070 O10 t-2,2,5,5-tetramethylhexene-3 0.004 0.005 0.003 32.000 0.000  


90.819 907.620 -- unknown 0.002 0.002 0.001 32.000 0.000  


91.587 911.270 N9 N9-[11] 0.006 0.005 0.004 32.000 0.000  


92.011 913.270 A9 i-propylbenzene 0.062 0.053 0.043 306.338 152.410  


92.375 914.970 O9 c-nonene-3 0.072 0.077 0.047 32.000 0.000  


92.533 915.710 -- unknown 0.017 0.018 0.011 32.000 0.000  


92.941 917.620 I10 I10-[1] 0.012 0.012 0.007 32.000 0.000  


93.038 918.070 N9 i-propylcyclohexane 0.021 0.019 0.014 310.622 154.790  


93.182 918.740 -- unknown 0.006 0.006 0.004 32.000 0.000  


93.773 921.470 I10 I10-[2] 0.106 0.108 0.062 32.000 0.000  


94.171 923.300 I10 2,2-dimethyloctane 0.034 0.035 0.020 314.420 156.900  


94.445 924.560 I10 2,4-dimethyloctane 0.051 0.052 0.030 312.620 155.900  


94.879 926.540 N9 N9-[12] 0.007 0.006 0.004 32.000 0.000  


95.312 928.500 N9 N9-[13] 0.022 0.021 0.014 32.000 0.000  


95.918 931.240 I10 2,6-dimethyloctane 0.086 0.087 0.050 320.738 160.410  


96.277 932.850 I10 2,5-dimethyloctane 0.078 0.079 0.045 317.300 158.500  


96.526 933.960 -- unknown 0.003 0.003 0.002 32.000 0.000  


96.951 935.860 -- unknown 0.002 0.002 0.001 32.000 0.000  


97.131 936.660 N9 n-butylcyclopentane 0.056 0.053 0.037 313.916 156.620  


97.344 937.600 I10 I10-[3] 0.031 0.032 0.018 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 15 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


97.494 938.270 N10 N10-[1] 0.035 0.033 0.021 32.000 0.000  


97.758 939.430 -- unknown 0.005 0.006 0.003 32.000 0.000  


98.007 940.530 I10 I10-[4] 0.021 0.021 0.012 32.000 0.000  


98.461 942.520 I10 3,3-dimethyloctane 0.137 0.137 0.080 322.160 161.200  


98.775 943.890 N10 N10-[2] 0.023 0.021 0.014 32.000 0.000  


98.987 944.810 -- unknown 0.019 0.020 0.011 32.000 0.000  


99.159 945.560 -- unknown 0.024 0.026 0.014 32.000 0.000  


99.551 947.260 A9 n-propylbenzene 0.348 0.298 0.241 318.632 159.240  


99.847 948.540 I10 3,6-dimethyloctane 0.026 0.026 0.015 321.440 160.800  


100.103 949.640 I10 3-methyl-5-ethylheptane 0.045 0.046 0.027 316.760 158.200  


100.247 950.260 -- unknown 0.006 0.007 0.004 32.000 0.000  


100.568 951.630 N10 N10-[3] 0.027 0.025 0.016 32.000 0.000  


101.193 954.300 -- unknown 0.023 0.024 0.014 32.000 0.000  


101.500 955.600 A9 1,3-methylethylbenzene 1.232 1.053 0.854 322.394 161.330  


101.886 957.230 A9 1,4-methylethylbenzene 0.528 0.453 0.366 323.618 162.010  


102.198 958.550 N10 N10-[4] 0.029 0.027 0.018 32.000 0.000  


102.359 959.220 -- unknown 0.003 0.003 0.002 32.000 0.000  


102.731 960.780 -- unknown 0.002 0.002 0.001 32.000 0.000  


102.940 961.650 -- unknown 0.011 0.011 0.028 32.000 0.000  


103.230 962.860 A9 1,3,5-trimethylbenzene 0.656 0.561 0.455 328.532 164.740  


103.496 963.970 I10 I10-[5] 0.041 0.041 0.024 32.000 0.000  


103.763 965.070 N10 N10-[5] 0.018 0.017 0.011 32.000 0.000  


103.959 965.880 -- unknown 0.006 0.006 0.003 32.000 0.000  


104.192 966.840 I10 I10-[6] 0.003 0.003 0.002 32.000 0.000  


104.511 968.150 I10 5-methylnonane 0.051 0.051 0.030 329.180 165.100  


104.914 969.800 I10 4-methylnonane 0.420 0.419 0.246 32.000 0.000  


105.259 971.210 A9 1,2-methylethylbenzene 0.391 0.328 0.271 329.324 165.180  


105.445 971.970 I10 2-methylnonane 0.124 0.126 0.072 332.654 167.030  


105.596 972.580 -- unknown 0.009 0.010 0.006 32.000 0.000  


105.867 973.680 -- unknown 0.011 0.012 0.007 32.000 0.000  


106.099 974.620 I10 3-ethyloctane 0.026 0.026 0.015 331.700 166.500   







 


D126 


Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 16 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


106.183 974.960 -- unknown 0.013 0.014 0.008 32.000 0.000  


106.471 976.120 N10 N10-[6] 0.023 0.021 0.014 32.000 0.000  


106.803 977.450 I10 3-methylnonane 0.147 0.148 0.086 334.040 167.800  


107.008 978.280 -- unknown 0.007 0.007 0.004 32.000 0.000  


107.374 979.740 N10 N10-[7] 0.003 0.003 0.002 32.000 0.000  


107.545 980.420 I10 I10-[7] 0.094 0.094 0.055 32.000 0.000  


107.817 981.500 I10 I10-[8] 0.008 0.008 0.005 32.000 0.000  


108.102 982.630 -- unknown 0.011 0.011 0.006 32.000 0.000  


108.558 984.430 A9 1,2,4-trimethylbenzene 1.914 1.615 1.326 336.884 169.380  


108.799 985.380 -- unknown 0.007 0.007 0.005 32.000 0.000  


108.972 986.060 I10 I10-[9] 0.011 0.011 0.006 32.000 0.000  


109.077 986.480 N10 i-butylcyclohexane 0.034 0.032 0.020 340.340 171.300  


109.267 987.220 -- unknown 0.027 0.029 0.016 32.000 0.000  


109.386 987.690 I10 I10-[10] 0.044 0.044 0.026 32.000 0.000  


109.669 988.790 I10 I10-[11] 0.019 0.019 0.011 32.000 0.000  


109.812 989.350 I10 I10-[12] 0.012 0.012 0.007 32.000 0.000  


110.161 990.700 N10 N10-[8] 0.022 0.021 0.013 32.000 0.000  


110.302 991.250 -- unknown 0.003 0.003 0.002 32.000 0.000  


110.777 993.090 O10 decene-1 0.003 0.003 0.002 339.080 170.600  


110.934 993.690 N10 1t-methyl-2-n-propylcyclohexane 0.012 0.011 0.007 339.800 171.000  


111.054 994.160 O10 2,3-dimethyloctene-2 0.063 0.063 0.037 32.000 0.000  


111.180 994.640 I10 I10-[13] 0.013 0.013 0.008 32.000 0.000  


111.462 995.720 -- unknown 0.004 0.004 0.002 32.000 0.000  


111.606 996.270 A10 i-butylbenzene 0.051 0.044 0.032 343.022 172.790  


111.842 997.180 I10 I10-[14] 0.037 0.037 0.022 32.000 0.000  


112.122 998.240 A10 sec-butylbenzene 0.035 0.030 0.022 344.012 173.340  


112.369 999.180 -- unknown 0.008 0.009 0.005 32.000 0.000  


112.583 1000.000 P10 n-decane 0.194 0.196 0.114 345.470 174.150  


112.825 1001.530 I11 I11-[1] 0.027 0.027 0.015 32.000 0.000  


113.184 1003.790 N10 N10-[9] 0.017 0.016 0.010 32.000 0.000  


113.582 1006.290 -- unknown 0.005 0.005 0.003 32.000 0.000   
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Detailed Hydrocarbon Analysis Detail Report -   Report Date: 11/2/2020 10:38:29 PM 


     


RawFile: D:\1\DATA\D6730OCT3020\107F0701.D\107F0701.CDF   Acquired: 10/31/20 16:09:43 


Sample: ODDB:54930     Analyzed: 11/2/2020 10:37:26 PM 


Processed 651 Peaks         


Reference File: C:\Dragon Software\Dragon DHA\References\PONAVI_SwRI_07182018_1108.dha     


Comments:      Yield: 100.000%   


      Int Std: NONE   
      Int Std Amt: 0.000   


Hold      Sample Wt: 1.000 Sample Den: 1.000 
       


   Components Listed in Chromatographic Order  Page: 17 


Minutes Index Group Component Mass % Volume % Mol % BP(F) BP(C) 
          


113.827 1007.820 A9 1,2,3-trimethylbenzene 0.374 0.309 0.259 349.016 176.120  


113.973 1008.740 -- unknown 0.009 0.010 0.007 32.000 0.000  


114.273 1010.620 A10 1,3-methyl-i-propylbenzene 0.041 0.035 0.026 347.144 175.080  


114.711 1013.330 -- unknown 0.010 0.010 0.025 32.000 0.000  


114.833 1014.090 A10 1,4-methyl-i-propylbenzene 0.024 0.021 0.015 350.834 177.130  


114.982 1015.020 -- unknown 0.003 0.003 0.002 32.000 0.000  


115.302 1017.000 I11 I11-[2] 0.026 0.026 0.014 32.000 0.000  


115.571 1018.650 I11 I11-[3] 0.012 0.012 0.006 32.000 0.000  


115.865 1020.460 A10 2-3-dihydroindene 0.261 0.200 0.184 352.130 177.850  


116.230 1022.700 -- unknown 0.018 0.020 0.013 32.000 0.000  


116.476 1024.200 N10 sec-butylcyclohexane 0.041 0.037 0.024 354.812 179.340  


116.709 1025.630 I11 I11-[4] 0.008 0.008 0.004 32.000 0.000  


117.060 1027.760 A10 1,2-methyl-i-propylbenzene 0.070 0.059 0.044 352.724 178.180  


117.238 1028.840 I11 3-ethylnonane 0.005 0.005 0.002 32.000 0.000  


117.316 1029.320 -- unknown 0.004 0.004 0.002 32.000 0.000  


117.629 1031.210 -- unknown 0.064 0.067 0.034 32.000 0.000  


117.852 1032.550 N11 N11-[1] 0.026 0.024 0.014 32.000 0.000  


117.916 1032.940 -- unknown 0.019 0.020 0.010 32.000 0.000  


118.094 1034.010 I11 I11-[5] 0.016 0.016 0.008 32.000 0.000  


118.228 1034.820 -- unknown 0.003 0.003 0.002 32.000 0.000  


118.604 1037.080 I11 I11-[6] 0.030 0.028 0.016 32.000 0.000  


118.770 1038.070 -- unknown 0.033 0.034 0.018 32.000 0.000  


119.212 1040.710 A10 1,3-diethylbenzene 0.132 0.113 0.082 358.052 181.140  


119.412 1041.900 -- unknown 0.061 0.065 0.038 32.000 0.000  


119.661 1043.380 A10 1,3-methyl-n-propylbenzene 0.271 0.233 0.168 359.618 182.010  


119.834 1044.400 I11 I11-[7] 0.021 0.021 0.011 32.000 0.000  


120.111 1046.040 A10 1,4-diethylbenzene 0.011 0.009 0.007 362.822 183.790  


120.297 1047.150 A10 1,4-methyl-n-propylbenzene 0.169 0.145 0.105 362.156 183.420  


120.472 1048.180 A10 n-butylbenzene 0.081 0.070 0.050 361.940 183.300  


120.880 1050.580 A10 1,3-dimethyl-5-ethylbenzene 0.283 0.238 0.176 362.516 183.620  


121.204 1052.480 A10 1,2-diethylbenzene 0.030 0.025 0.019 362.228 183.460   
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121.347 1053.320 I11 I11-[8] 0.017 0.017 0.009 32.000 0.000  


121.575 1054.640 N10 t-decahydronaphthalene 0.009 0.008 0.005 368.960 187.200  


121.824 1056.100 N11 N11-[2] 0.016 0.015 0.009 32.000 0.000  


122.092 1057.660 -- unknown 0.012 0.012 0.006 32.000 0.000  


122.248 1058.560 A10 1,2-methyl-n-propylbenzene 0.093 0.079 0.058 364.946 184.970  


122.617 1060.700 I11 I11-[9] 0.009 0.009 0.005 32.000 0.000  


122.752 1061.480 I11 I11-[10] 0.069 0.069 0.037 32.000 0.000  


122.964 1062.710 I11 I11-[11] 0.034 0.034 0.018 32.000 0.000  


123.037 1063.130 -- unknown 0.011 0.012 0.006 32.000 0.000  


123.319 1064.750 -- unknown 0.004 0.004 0.002 32.000 0.000  


123.471 1065.630 I11 I11-[12] 0.045 0.045 0.024 32.000 0.000  


123.731 1067.120 -- unknown 0.009 0.009 0.005 32.000 0.000  


124.020 1068.770 A10 1,4,dimethyl-2-ethylbenzene 0.205 0.173 0.128 368.366 186.870  


124.291 1070.310 A10 1,3-dimethyl-4-ethylbenzene 0.257 0.221 0.160 370.832 188.240  


124.540 1071.730 I11 I11-[13] 0.004 0.004 0.002 32.000 0.000  


124.865 1073.580 -- unknown 0.008 0.008 0.004 32.000 0.000  


125.123 1075.040 I11 I11-[14] 0.141 0.140 0.075 32.000 0.000  


125.290 1075.990 A10 1,2-dimethyl-4-ethylbenzene 0.283 0.239 0.175 373.136 189.520  


125.602 1077.750 -- unknown 0.009 0.009 0.005 32.000 0.000  


125.889 1079.370 -- unknown 0.012 0.013 0.007 32.000 0.000  


125.965 1079.790 I11 I11-[15] 0.005 0.005 0.003 32.000 0.000  


126.267 1081.490 A10 1,3-dimethyl-2-ethylbenzene 0.047 0.039 0.029 374.090 190.050  


126.416 1082.330 I11 I11-[16] 0.018 0.018 0.010 32.000 0.000  


126.747 1084.180 -- unknown 0.016 0.017 0.009 32.000 0.000  


126.947 1085.300 I11 I11-[17] 0.008 0.008 0.004 32.000 0.000  


127.178 1086.580 -- unknown 0.015 0.016 0.008 32.000 0.000  


127.517 1088.470 -- unknown 0.008 0.009 0.004 32.000 0.000  


127.589 1088.870 -- unknown 0.011 0.012 0.006 32.000 0.000  


127.859 1090.360 O11 undecene-1 0.020 0.020 0.011 378.860 192.700  


128.195 1092.220 A11 1,4-methyl-t-butylbenzene 0.036 0.031 0.020 32.000 0.000  


128.471 1093.740 A10 1,2-dimethyl-3-ethylbenzene 0.079 0.065 0.049 381.110 193.950   
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128.814 1095.630 -- unknown 0.007 0.007 0.004 32.000 0.000  


129.087 1097.120 -- unknown 0.013 0.014 0.008 32.000 0.000  


129.172 1097.590 A11 1,2-ethyl-i-propylbenzene 0.008 0.007 0.005 32.000 0.000  


129.335 1098.490 -- unknown 0.006 0.007 0.004 32.000 0.000  


129.612 1100.000 P11 n-undecane 0.104 0.103 0.055 384.620 195.900  


129.812 1101.490 -- unknown 0.007 0.008 0.004 32.000 0.000  


129.920 1102.310 A11 1,4-ethyl-i-propylbenzene 0.002 0.002 0.001 32.000 0.000  


130.345 1105.480 A10 1,2,4,5-tetramethylbenzene 0.164 0.136 0.102 386.312 196.840  


130.731 1108.350 A11 1,2-methyl-n-butylbenzene 0.009 0.008 0.005 390.200 199.000  


130.885 1109.500 A10 1,2,3,5-tetramethylbenzene 0.219 0.182 0.136 388.472 198.040  


131.039 1110.640 -- unknown 0.006 0.006 0.004 32.000 0.000  


131.377 1113.150 -- unknown 0.012 0.012 0.007 32.000 0.000  


131.572 1114.590 -- unknown 0.007 0.008 0.005 32.000 0.000  


131.876 1116.830 -- unknown 0.021 0.022 0.013 32.000 0.000  


132.321 1120.110 -- unknown 0.014 0.015 0.009 32.000 0.000  


132.478 1121.260 -- unknown 0.015 0.015 0.009 32.000 0.000  


132.958 1124.770 A11 1,2-methyl-t-butylbenzene 0.006 0.005 0.003 32.000 0.000  


133.117 1125.930 -- unknown 0.012 0.013 0.007 32.000 0.000  


133.430 1128.210 A10 5-methylindan 0.194 0.161 0.122 32.000 0.000  


133.772 1130.700 -- unknown 0.028 0.030 0.018 32.000 0.000  


133.823 1131.070 I12 I12-[1] 0.019 0.019 0.009 421.340 216.300  


134.181 1133.660 -- unknown 0.007 0.008 0.003 32.000 0.000  


134.296 1134.500 A10 4-methylindan 0.048 0.040 0.030 32.000 0.000  


134.584 1136.580 -- unknown 0.015 0.015 0.009 32.000 0.000  


134.678 1137.260 A11 1,2-ethyl-n-propylbenzene 0.052 0.044 0.029 32.000 0.000  


134.928 1139.060 A10 2-methylindan 0.186 0.152 0.117 368.600 187.000  


135.139 1140.570 A11 1,3-methyl-n-butylbenzene 0.009 0.007 0.005 390.200 199.000  


135.411 1142.520 -- unknown 0.006 0.007 0.004 32.000 0.000  


135.545 1143.480 A12 1,3-di-i-propylbenzene 0.062 0.051 0.032 397.760 203.200  


135.756 1144.990 A11 s-pentylbenzene 0.057 0.048 0.032 401.000 205.000  


135.913 1146.110 -- unknown 0.002 0.002 0.001 32.000 0.000   
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136.342 1149.170 -- unknown 0.018 0.019 0.010 32.000 0.000  


136.439 1149.860 A11 n-pentylbenzene 0.048 0.040 0.027 401.720 205.400  


136.519 1150.430 -- unknown 0.022 0.023 0.012 32.000 0.000  


136.799 1152.420 N12 1t-M-2-(4-MP)cyclopentane 0.004 0.004 0.002 32.000 0.000  


136.998 1153.830 A12 1,2-di-i-propylbenzene 0.027 0.023 0.014 399.200 204.000  


137.143 1154.860 -- unknown 0.026 0.028 0.013 32.000 0.000  


137.628 1158.280 -- unknown 0.039 0.041 0.020 32.000 0.000  


137.901 1160.200 A12 1,4-di-i-propylbenzene 0.048 0.040 0.025 410.540 210.300  


138.178 1162.140 -- unknown 0.007 0.007 0.004 32.000 0.000  


138.351 1163.350 A10 tetrahydronaphthalene 0.018 0.014 0.011 405.716 207.620  


138.495 1164.370 -- unknown 0.007 0.008 0.005 32.000 0.000  


138.737 1166.060 -- unknown 0.004 0.004 0.003 32.000 0.000  


138.887 1167.100 I12 I12-[2] 0.052 0.051 0.025 421.340 216.300  


139.184 1169.170 A10 naphthalene 0.160 0.115 0.104 424.382 217.990  


139.510 1171.440 A12 1-t-butyl-3,5-dimethylbenzene 0.004 0.003 0.002 32.000 0.000  


139.850 1173.800 -- unknown 0.054 0.057 0.028 32.000 0.000  


139.906 1174.190 A12 1,4-ethyl-t-butylbenzene 0.022 0.018 0.011 32.000 0.000  


140.253 1176.590 -- unknown 0.026 0.027 0.013 32.000 0.000  


140.545 1178.600 I12 I12-[3] 0.054 0.053 0.026 421.340 216.300  


140.775 1180.190 I12 I12-[4] 0.031 0.030 0.015 421.340 216.300  


141.114 1182.520 -- unknown 0.006 0.007 0.003 32.000 0.000  


141.354 1184.170 I12 I12-[5] 0.032 0.031 0.016 421.340 216.300  


141.605 1185.890 -- unknown 0.011 0.012 0.005 32.000 0.000  


141.898 1187.880 I12 I12-[6] 0.033 0.032 0.016 421.340 216.300  


142.097 1189.240 A12 1,3-di-n-propylbenzene 0.038 0.032 0.020 32.000 0.000  


142.336 1190.870 A12 A12-[1] 0.023 0.019 0.012 32.000 0.000  


142.555 1192.350 O12 dodecene-1 0.004 0.004 0.002 416.120 213.400  


142.651 1193.010 -- unknown 0.001 0.002 0.001 32.000 0.000  


142.914 1194.790 -- unknown 0.007 0.007 0.003 32.000 0.000  


143.255 1197.100 -- unknown 0.004 0.005 0.002 32.000 0.000  


143.559 1199.150 A12 A12-[2] 0.019 0.016 0.010 32.000 0.000   
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143.684 1200.000 P12 n-dodecane 0.044 0.044 0.022 421.340 216.300  


143.948 1202.220 -- unknown 0.003 0.003 0.002 32.000 0.000  


144.230 1204.590 -- unknown 0.013 0.013 0.006 32.000 0.000  


144.332 1205.440 -- unknown 0.004 0.004 0.002 32.000 0.000  


144.764 1209.060 -- unknown 0.011 0.012 0.006 32.000 0.000  


144.990 1210.950 -- unknown 0.006 0.006 0.003 32.000 0.000  


145.189 1212.610 A12 1,3,5-triethylbenzene 0.003 0.003 0.002 420.800 216.000  


145.375 1214.160 -- unknown 0.007 0.007 0.004 32.000 0.000  


145.718 1217.010 -- unknown 0.021 0.022 0.011 32.000 0.000  


145.896 1218.500 -- unknown 0.011 0.012 0.006 32.000 0.000  


146.022 1219.540 -- unknown 0.002 0.002 0.001 32.000 0.000  


146.209 1221.090 -- unknown 0.003 0.003 0.001 32.000 0.000  


146.499 1223.490 -- unknown 0.017 0.018 0.009 32.000 0.000  


146.739 1225.470 -- unknown 0.016 0.017 0.008 32.000 0.000  


146.812 1226.070 -- unknown 0.007 0.008 0.004 32.000 0.000  


147.116 1228.570 -- unknown 0.004 0.005 0.002 32.000 0.000  


147.203 1229.290 -- unknown 0.012 0.013 0.006 32.000 0.000  


147.508 1231.800 A12 1,2,4-triethylbenzene 0.013 0.011 0.007 423.500 217.500  


147.732 1233.630 -- unknown 0.004 0.004 0.002 32.000 0.000  


147.841 1234.520 -- unknown 0.001 0.001 0.001 32.000 0.000  


148.094 1236.590 -- unknown 0.004 0.004 0.002 32.000 0.000  


148.146 1237.020 -- unknown 0.004 0.005 0.002 32.000 0.000  


148.234 1237.740 -- unknown 0.007 0.007 0.004 32.000 0.000  


148.466 1239.630 -- unknown 0.001 0.002 0.001 32.000 0.000  


148.804 1242.380 A12 1,4-methyl-n-pentylbenzene 0.034 0.029 0.018 32.000 0.000  


149.090 1244.700 -- unknown 0.009 0.009 0.005 32.000 0.000  


149.243 1245.940 -- unknown 0.003 0.004 0.002 32.000 0.000  


149.382 1247.070 -- unknown 0.003 0.003 0.002 32.000 0.000  


149.671 1249.400 -- unknown 0.004 0.005 0.002 32.000 0.000  


149.954 1251.690 -- unknown 0.006 0.006 0.003 32.000 0.000  


150.150 1253.270 -- unknown 0.007 0.008 0.004 32.000 0.000   
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150.535 1256.370 A12 n-hexylbenzene 0.019 0.016 0.010 32.000 0.000  


150.627 1257.100 -- unknown 0.020 0.021 0.010 32.000 0.000  


150.998 1260.080 -- unknown 0.011 0.012 0.006 32.000 0.000  


151.255 1262.130 -- unknown 0.005 0.005 0.002 32.000 0.000  


151.501 1264.090 -- unknown 0.005 0.005 0.002 32.000 0.000  


151.660 1265.360 -- unknown 0.003 0.003 0.002 32.000 0.000  


151.846 1266.850 -- unknown 0.005 0.005 0.003 32.000 0.000  


151.922 1267.450 -- unknown 0.009 0.010 0.005 32.000 0.000  


152.208 1269.720 -- unknown 0.008 0.009 0.004 32.000 0.000  


152.370 1271.010 -- unknown 0.002 0.002 0.001 32.000 0.000  


152.638 1273.140 I13 I13-[1] 0.008 0.008 0.004 455.720 235.400  


152.829 1274.640 A11 1,2,3,4,5-pentamethylbenzene 0.022 0.017 0.013 449.600 232.000  


153.056 1276.440 -- unknown 0.009 0.009 0.005 32.000 0.000  


153.572 1280.500 -- unknown 0.006 0.006 0.003 32.000 0.000  


153.928 1283.300 A11 2-methylnaphthalene 0.087 0.063 0.051 465.890 241.050  


154.078 1284.470 -- unknown 0.002 0.002 0.001 32.000 0.000  


154.414 1287.100 -- unknown 0.010 0.010 0.006 32.000 0.000  


154.564 1288.280 -- unknown 0.002 0.002 0.001 32.000 0.000  


154.705 1289.380 -- unknown 0.003 0.003 0.002 32.000 0.000  


154.908 1290.960 O13 tridecene-1 0.006 0.006 0.003 451.040 232.800  


155.142 1292.780 -- unknown 0.001 0.001 0.000 32.000 0.000  


155.344 1294.350 -- unknown 0.002 0.002 0.001 32.000 0.000  


155.504 1295.600 -- unknown 0.003 0.003 0.001 32.000 0.000  


155.582 1296.200 -- unknown 0.002 0.002 0.001 32.000 0.000  


155.878 1298.500 A11 1-methylnaphthalene 0.035 0.025 0.020 472.352 244.640  


156.071 1300.000 P13 n-tridecane 0.009 0.009 0.004 455.720 235.400  


156.182 1300.990 + C14+ (Summarized) 0.356 0.345 0.150 455.720 235.400  
 








Public Hearing to Consider Advanced Clean 
Cars II Regulations 


 
 


Final Statement of Reasons for Rulemaking, 
Including Summary of Comments and 


Agency Response 
 
 


Appendix A 
Summary of Comments to the Overall  


Advanced Clean Cars II Regulations and 
Agency Responses 


Public Hearing Date: August 25, 2022 
Agenda Item No.: 22-10-1







1


Table of Contents


Summary of Comments to the Overall Advanced Clean Cars II Regulations and Agency 
Responses ............................................................................................................................. 2


A. General Comments on Advanced Clean Cars II ............................................................. 3


Technological Feasibility and Supply Chain Considerations .............................................. 6


Infrastructure Considerations ........................................................................................... 17


Electrical Grid Impacts ...................................................................................................... 25


Equity Impacts and Considerations .................................................................................. 33


B. Alternative Regulatory Structures ................................................................................. 40


Alternatives ....................................................................................................................... 40


Technology Neutrality ....................................................................................................... 52


Flex Fuels and Liquid Biofuels .......................................................................................... 57


C. Legal Authority and Obligations .................................................................................... 61


Federal Law ...................................................................................................................... 61


Substantive State Law Requirements............................................................................... 75


Equity and Disparate Impacts ........................................................................................... 92


Consistency with Executive Order N-79-20 ...................................................................... 98


Compliance with the Administrative Procedure Act .......................................................... 99


D. Emission Impacts ........................................................................................................ 113


E. Economic Impacts ....................................................................................................... 124


Vehicle Costs ................................................................................................................. 124


Total Cost of Ownership (TCO) ...................................................................................... 141


ZEV Affordability ............................................................................................................. 157


Economic and Equity Impacts ........................................................................................ 164


General Economic Impacts ............................................................................................ 168


Employment Impacts ...................................................................................................... 172


Impacts to Businesses .................................................................................................... 178


Gas Tax Revenue Impacts ............................................................................................. 184


Economic Analysis ......................................................................................................... 188


F. Other ........................................................................................................................... 194







2


Summary of Comments to the Overall Advanced Clean Cars II 
Regulations and Agency Responses


As noted in the main body of the Final Statement of Reasons (FSOR), the California Air 
Resources Board (CARB) has summarized and responded to written and oral comments on 
the Advanced Clean Cars II (ACC II) regulations and the process by which they were adopted.  
These comment summaries and responses are contained in multiple appendices to the FSOR, 
sorted by subject matter. This appendix contains the summaries of and responses to 
comments related to the ACC II regulations overall, including the ACC II analyses, alternative 
regulatory structures, and legal authority. 


The following notes about the comments and responses will help with understanding how 
the comments are structured and labeled:


- Each comment has a unique code, as identified in Tables 1-7 of the FSOR.  Each code 
indicates the comment period or context of the submission, followed by a unique 
number for each comment submitted within that comment period or context.  For 
example, comment “OP-1” indicates a comment received during the original (45-day) 
comment period (“OP” standing for “original period”), and 1 is the unique number 
identifying the specific comment.  Certain lengthy or complex comments have been 
given additional code information identifying sections of the comment.  For example, 
comment OP-155-1 would indicate a comment received during the original (45-day) 
comment period, unique comment identifier 155, and the first substantive portion of 
the comment. These additional sub-comment codes are shown in the copies of the 
comments included in the rulemaking file. 


- Comments are grouped thematically by section and subsection.  Repetitive comments 
are listed under the same comment number and responded to holistically.  Each 
individual comment excerpt is preceded by “Comment:” and followed by its comment 
identification code, allowing readers to distinguish among repetitive individual 
comment excerpts that are bundled under the same comment number. 


- Comments are excerpted verbatim unless otherwise noted.  In some instances, 
comment excerpts are preceded by the statement, “Commenter says,” with the 
comment excerpt in quotation marks.  In other instances, the verbatim excerpt is 
presented without any preface or quotation marks.  Comments that have been 
summarized, rather than quoted, are indicated by a preface such as “Commenter says 
that . . .” and are not followed by quotation marks. 


- In verbatim comment excerpts, CARB has not corrected or noted errors in the original 
(for example, by adding “[sic]”).  Comment excerpts’ formatting may differ from the 
formatting of the original comment.  


- Footnotes in comments generally have been omitted, though the footnote numbers 
may remain in the text of the comment excerpt.


- In general, CARB has noted where it made changes in response to the comment. 
Where it is not noted, no changes were made in response to the comment.
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A. General Comments on Advanced Clean Cars II 


1. Comment: CARB received support or strong support for the ACC II proposal and its 
adoption.  [T1-42, T1-58, OP-7, OP-179, OP-105, OP-124, OP-63. OP-99, OP-100, OP-
109, OP-149, OP-172, 15-27, 15-32, T1-87, T1-73, B1-31, 15-10, 15b-41, T2-25, T2-26, 
T2-27, T2-35, T2-48, T2-53, T2-56]


Comment: CR also appreciates the thoughtful approach that staff has taken in crafting 
stringent requirements that set an aggressive standard to reduce emissions at 
scale…The proposed Advanced Clean Cars II rules have the opportunity to accelerate 
marketplace change and bring innovative, cost-saving technology to consumers. These 
rules should spur a paradigm shift in transportation that will save consumers money, 
reduce air and climate pollution, and improve public health. CARB’s “all of the above” 
approach in capturing emerging zero-emission vehicle technology has allowed the 
state greater flexibility in meeting deployment goals while also highlighting the 
importance of prioritizing greater investments in research and development funding to 
encourage rapid marketplace advancement. [OP-108]


Comment: Adopting the proposed Clean Cars II regulation will bring profound 
benefits to the state and beyond. [OP-149]


Comment: Adoption of an ambitious ACC II rule will provide regulatory certainty to 
support continued investments in the transition of transportation. [T1-19]


Comment: Therefore, more than ever, California—together with other states—must 
provide long-term certainty through its programs to protect public health and the 
environment. States have the obligation and authority to ensure continued progress 
occurs on reducing [greenhouse gas] GHG and other air pollutants. Providing long-
term certainty to the industry, as this proposed rule does, will be important not only 
today, but in future environments where federal inaction on climate could occur again. 
[OP-99]


Comment: Thus, ambitious action to reduce emissions from the transportation sector 
will protect the health of the nearly 40 million residents of California today, and help 
prevent even more severe climate impacts from increasing in coming decades. 
Specifically, a rapid shift to ZEVs, ultimately ensuring 100 percent of new vehicles sold 
are [zero-emission vehicles] ZEVs by 2035, will reduce harmful pollution and save lives 
across the state…. But this action is particularly important because air pollution, and 
pollution from the transportation sector, does not impact all communities equally. 
Communities of color and low-income communities suffer disproportionately from 
harmful vehicle pollution, because these groups constitute a higher percentage of the


1 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.
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population near our roads and highways. And these communities already face health 
disparities, including higher rates of chronic disease and premature death. [OP-142]


Agency Response: CARB appreciates support for the ACC II proposal.  Including 
changes directed at the June 9, 2022, hearing, CARB adopted the final ACC II 
regulations at its August 25, 2022, hearing.


2. Comment: CARB received several comments noting support for clean or cleaner air, 
lower GHG emissions, increase climate action, or for the work that CARB does in 
cleaning the air.  [OP-3, OP-23, OP-68, OP-76, OP-90, OP-129, OP-133, OP-165, T1-
25, T1-47, T1-48, T1-69, B1-32]


Comment: CARB received several comments of support for cleaner car and or truck 
regulations and standards.  [OP-90, OP-45, OP-128]


Comment: CARB received several comments asking CARB to protect the future of 
children, families, and/or communities.  [OP-27, OP-90, T1-1, T1-2]


Comment: CARB received numerous calls to take bold action, to clean the air, to do 
the right thing, to lead, or to move quickly. [OP-90, OP-143, OP-99, T1-79, OP-23, 
OP-180, T2-26]  


Comment: Have the courage to stand up to the fossil fuel and auto industries. [OP-90]


Comment: Please do not give in to automakers asking for relaxed standards. The EU is 
already moving in this direction. They will have to deal. [15-7]


Comment: There is a vicious cycle of harm created from the release of these collective 
pollutants, with a major source being passenger vehicles. In California, the state faces 
a variety of increasing health problems from GHG emissions and resulting climate 
change such (1) the alteration of seasonal patterns making hot days hotter, (2) 
increasing severity of droughts and other extreme events. If California’s adoption of 
stricter-than-federal standards were needed in past decades, there is more reason 
than ever for the state to adopt new standards to meet these compelling and 
extraordinary conditions. [OP-99]


Agency Response: CARB appreciates the commenters’ support and enthusiasm for 
cleaner air and lowering GHG emissions, and for standards that aim to reduce those 
emissions. CARB adopted the final ACC II regulations at its August 25, 2022, hearing. 
As adopted, the ACC II regulations will reduce by more than 50% greenhouse gas 
emission by 2040, and by nearly 40% oxides of nitrogen (NOx) emissions by 2040 from 
light duty vehicles.  


3. Comment: CARB received comment of general support for the goals of the ACC II 
regulations. [T1-12, B1-5, T1-9, OP-127]


Agency Response: CARB appreciates support for the goals of the ACC II regulations.  
CARB adopted the final ACC II regulations at its August 25, 2022, hearing.


4. Comment: Enough already. You people have caused enough problems with this clean 
energy hoax. Stop! [OP-24]. 
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Agency Response:  This comment does not provide enough substance or information 
to adequately respond. The regulations do not directly pertain to “clean energy” 
although they do require that light-duty passenger cars and trucks have lower exhaust 
and evaporative emissions and be increasingly zero emission, and the proposal 
summarized the numerous public and private activities that are underway to reduce 
emissions from electricity generation, as described in the Staff Report: Initial 
Statement of Reasons (ISOR) section on complementary policies (Section III.6). Further, 
there is no “hoax” in these regulations; they are based firmly upon the law and the 
record and clean energy is real.


5. Comment: Commenter states to take stronger stands on helping to mitigate the 
damage we have already by not continuing to make the same mistakes going forward. 
[OP-90] 


Agency Response: The commenter does not explain what “mistakes” have been made 
or by whom. To the extent the comment is directed at actions to address air pollution 
and climate change, CARB adopted the ACC II regulations to do so. On August 25, 
2022, CARB adopted Resolution 22-12, which asserts “[n]o reasonable alternatives to 
the regulations considered to date, or that have otherwise been identified and 
brought to the attention of CARB, would be more effective at carrying out the 
purpose for which the regulations are proposed or would be as effective and less 
burdensome to affected entities than the proposed ACC II Regulations” and “[t]he 
significant public health and welfare benefits of the proposed regulations and the time 
needed by the regulated community to comply provide good cause for the regulations 
to become effective as expeditiously as possible”.  


6. Comment: We support and recommend the adoption of CARB’s proposed 
modifications to the proposed ACCII regulation, posted on July 12, 2022, which sets 
increasingly stringent emissions standards for internal combustion engine (ICE) 
vehicles, requires an increasing number of ZEV sales to meet the state’s goal of 100% 
ZEV sales by 2035, and supports the state’s transportation equity goals. [15-10]


Comment: The Northeast States for Coordinated Air Use Management (NESCAUM) is 
writing to express strong support for the updates to the proposed Advanced Clean 
Cars II (ACC II) rulemaking and urges the California Air Resources Board to adopt the 
ACC II regulations. [15-12]


Comment: The proposed Advanced Clean Cars II rules have the opportunity to 
encourage getting clean, cost-saving technology into the hands of consumers. These 
rules should spur innovation in transportation that will offer consumers options that 
will save them money, reduce air pollution and greenhouse gas emissions, and 
improve public health, which is why it is imperative that the Board act swiftly in the 
passage of the ACC II rule. [15-21]


Comment: We support staff's 15-day modifications to the regulation and believe this 
flexibility will help electrify this difficult market segment more quickly. [T2-25]


Comment: Commenter appreciate the revisions made to the proposed rule through 
the 15-day notice and comment process. [T2-41]
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Agency Response: CARB appreciates the support for the 15-day changes for the ACC 
II regulations. The final modifications to the ACC II regulations were approved by 
CARB at its August 25, 2022, hearing.


7. Comment: CARB must determine if additional ZEV requirements could increase 
consumer costs and potentially delay ZEV deployment, assess if new PHEV and [low-
emission vehicle] LEV standards are appropriate, and evaluate how these factors may 
impact the emission benefits sought in ACC II. [OP-161-81, OP-161-35, incorporated 
by reference into comment OP-97] 


Agency Response: This is commenters' summary of previous, pre-rulemaking 
comments. CARB evaluated consumer costs and concluded the adopted ACC II 
regulations is cost-effective and will achieve the maximum feasible emission reductions 
from light-duty passenger vehicles. See, e.g., agency response to FSOR Appendix C 
Comment A-3, Section C.1 of the ISOR, and Resolution 22-12.  In total, the evidence 
considered shows no reason to delay implementation of the ACC II regulations.


Technological Feasibility and Supply Chain Considerations


8. Comment: Although it is improving as more vehicle manufacturers commit to fuller 
[electric vehicle] EV menus, EV options available to the consumer, to date, have been 
slim. Once the consumer has more to choose from, sales numbers will increase 
accordingly….Our franchised dealers are committed to serving the arbiters of vehicle 
choice – our customers. It is our customers who will determine to what extent this 
transition to ZEVs will succeed. [OP-114] 


Comment: The regulation as it stands has its environmental benefits, but it strips 
Californians of their choices and forces them into something they may not desire so 
therefore I would encourage a different approach to achieve the goal of this 
regulation. [OP-164] 


Agency Response: In establishing the ACC II zero-emission vehicle (ZEV) proposal, 
staff evaluated current ZEV market conditions, including consumer choices and 
preferences, and considered expected additional ZEV models coming to the market 
by the 2026 model year. Today, ZEV and plug-in hybrid vehicle (PHEV) sales in 
California are about 16%, and there were 60 ZEV and PHEV models available for 
consumers to choose from by the end of 2021, including a variety of options at lower 
price points, in addition to an increasing variety of model sizes. From the review of 
automaker projections of models in the next few years, as well as public commitments 
automakers have made about pending ZEV models, staff are confident consumers will 
have sufficient choices and that the ACC II ZEV stringency and performance 
requirements are feasible.


9. Comment: The dramatic underperformance of hydrogen fuel cell vehicles over the 
past decade relative to CARB’s initial projections illustrates why caution is warranted 
when projecting developments of technologies and significant changes to the 
automotive industry. Further illustrating this is CARB’s first ZEV program in 1990, 
which originally mandated that 10 percent of new vehicle sales be ZEVs by 2003.6 Like 
the projections on the development of hydrogen fuel cell vehicles in ACC I, CARB
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projections in the early 1990s on ZEV development varied dramatically from actual 
consumer purchasing behavior. [OP-54]


Agency Response: The ZEV Regulation by design is intended to support various zero-
emission technologies and does not dictate specific compliance responses by 
automakers. The fuel cell electric vehicle (FCEV) technology remains important for 
drivers who need frequent fast refueling and who do not have access to charging 
infrastructure. Updated analyses show FCEV sales continue increasing and fueling 
infrastructure is advancing the market and helping to address barriers to deployment. 
See CARB, 2022 Annual Evaluation of Fuel Cell Electric Vehicle Deployment and 
Hydrogen Fuel Station Network Development (ca.gov), September 2022, pp. xviii-xx, 
updating ISOR reference CARB 2021c, 2021 Annual Evaluation of Fuel Cell Electric 
Vehicle Deployment and Hydrogen Fuel Station Network Development, 
https://ww2.arb.ca.gov/sites/default/files/2021-09/2021_AB-8_FINAL.pdf.


Although sales of FCEVs have been slower than projected in the original ACC 
rulemaking scenarios, sales of battery electric vehicles (BEVs) have far surpassed staff 
projections.  


Battery technology has accelerated faster than staff projected and is a critical reason 
staff project the ACC II regulation is feasible. The state of the ZEV market is 
fundamentally different than it was in the 1990s and 2000s, where automakers are 
investing and building high volume, mainstream vehicles as ZEVs.


10. Comment: CARB received several comments with general concerns about supply 
chain and raw materials constraints. [OP-124, OP-140, OP-16,]


Comment: Lastly, the mandate for electric-only vehicles will further increase the state’s 
reliance on foreign countries and a destabilized supply chain structure. [OP-119]


Comment: Other challenges include procurement and cost of raw materials for 
electrical components, the ability to ramp up battery production, and the 
development of an ecosystem to manage end-of-life batteries from all these ZEVs. 
[OP-150]


Comment: it goes without saying we all want cleaner air but the force electric vehicles 
is not the way to do this.  There is only so much lithium to mine from the earth and 
when I is gone it is gone. lithium is also needed in medical , glass / ceramics and an 
array of oIeilds  the other problem arises[sic] is when the replacement batteries cost 
more than a new car.    if you own a car with a dead battery, you have no choice but to 
scrap it do to the cost involved.     it should also be noted that mining the materials for 
these cars will tear the planet up more than drilling a hole for fossil fuels.   all though 
well meaning this plan lacks ntellectual foresight and should be abandoned at all costs. 
[OP-91]


Comment: The carrying capacity of’the planet's precious metals needed to be mined 
by forced slave and child labor cannot sustain America or even just California moving 
toward all EVs. [B1-23]


Comment: …global supply chain disruptions, in particular a global semiconductor chip 
shortage, and limited access to the critical minerals that are needed for EV batteries



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2F2022-09%2FAB-8-Report-2022-Final.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7Cdbd36ecc71514e25f95708da9b2d3986%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C637992915802361775%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=witDjGZEACjXiXbW%2B7LEdXGDtHm%2Bm40AFrUQ43myae8%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2F2022-09%2FAB-8-Report-2022-Final.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7Cdbd36ecc71514e25f95708da9b2d3986%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C637992915802361775%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=witDjGZEACjXiXbW%2B7LEdXGDtHm%2Bm40AFrUQ43myae8%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2F2021-09%2F2021_AB-8_FINAL.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7Cdbd36ecc71514e25f95708da9b2d3986%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C637992915802517985%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=R4yUxmNJoTgLgOnficY2NelsgXWoPeMSkh6WGIk3sFc%3D&reserved=0
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like lithium, cobalt and nickel, pose enormous challenges to automakers’ transition to 
electrification. Supply chain disruptions and the effects on battery and vehicle costs 
must be considered when determining the goalposts for reaching 100 percent ZEV 
sales by 2035. [B1-20]


Comment: We are concerned that global shortages of key materials necessary to 
construct electric vehicles, such as lithium, may greatly impact the supply of zero-
emission vehicles during the ACC II compliance period. [T1-17]


Comment: The policy neglects the huge challenge of building enough ZEVs to meet 
your requirements. Over the next 15 years, the mining and extraction system in the 
U.S. will not produce enough lithium for all the batteries needed. [T1-25]


Comment: …there are concerning signs that the current semiconductor-driven 
shortage of new vehicles may be a prelude to a massive lithium-driven shortage of 
EVs. Climate change is a global problem, and governments throughout the world 
(most notably the European Union and China) are aggressively moving towards the 
electrification of their vehicle fleets. The amount of lithium and other key raw materials 
necessary to facilitate the global EV transition is extraordinary, and industry leaders 
and experts are raising concerns that the materials and capacity necessary to produce 
EV batteries will be in catastrophically short supply in the coming decade. In an April 
2022 interview with the Wall Street Journal, RJ Scaringe (CEO of Rivian, a prominent 
EV manufacturer) noted that “90% to 95% of the [EV] supply chain does not exist. […] 
Put very simply, all of the world’s cell production combined represents well under 10% 
of what we will need in 10 years.” Mr. Scaringe further noted that the current vehicle 
supply constraints related to semiconductor shortages are “a small appetizer to what 
[the industry is] about to feel on battery cells over the next two decades.” As a result 
of these supply constraints, lithium prices have surged over 400% over the past year. 
Tesla CEO Elon Musk made a public appeal for more lithium mining in an April 2022 
call with investors, noting that the lack of lithium is a “fundamental limiting factor” in 
EV production. Unfortunately, many experts are not predicting relief on lithium 
supplies soon. In a recent interview with Bloomberg, industry export Joe Lowry noted 
that a major problem is that it “takes up to a decade to bring on a lithium project.” 
This suggests that production may continue to lag demand for considerable time. [OP-
54]


Comment: No one argues the benefit of cleaner air. But at what cost? The landscapes 
of a number of countries are being strip mined and deforested in the rush to obtain 
the minerals necessary to develop and build today’s batteries. Our ocean bottoms do 
not seem to be immune from consideration for destruction in the rush for minerals. If 
nations and mining companies degrade our natural lands and beauty in the race for 
mineral conquests, thereby leading to erosion, groundwater contamination, and 
irreparable harm to our land and ocean ecosystems, is the total commitment to ZEVs 
then worth it? Clearly a reasonable balance must be sought to make sure we are not 
trading one source of pollution and environmental degradation for another. Further, 
national security concerns could be raised if the world’s bad actors substantially 
possess and control the mineral components of vehicle batteries and battery 
manufacturing processes. [OP-114]
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Comment: Importantly, the question here is not only whether a vehicle manufacturer 
has the technology (and, inherent in this question, the resources) to produce a single 
electric vehicle. Rather, examining the technological feasibility of electric vehicle 
mandates must include asking whether vehicle manufacturers have the technology and 
resources to rapidly shift to producing electric vehicles—a relatively new technology 
category that requires different resources than traditional vehicles—by the 
millions…[B]oth the federal government and the private sector have recognized that 
critical minerals are essential to the future of electric vehicles, and likewise, that 
unstable critical mineral supply chains could disrupt this future… The U.S. is 
disproportionately reliant on international supplies of critical minerals necessary for 
electric vehicle and electric battery production... For any one of these minerals, ACC 
II’s 100% electrification mandate could put the United States into a situation 
resembling the oil embargoes of the 1970s, where foreign actors control majorities of 
the critical raw material supplies used in the manufacture of fuels, battery, and motor 
components designed to provide transportation mobility services for the U.S. 
consumer. [OP-161-3, incorporated by reference into comment OP-97]


Comment: CARB has not assessed the amount of mineral resources that would be 
required for this regulation…Nor has CARB developed the factual record needed to 
conclude that other mineral resources needed to meet ACC II are adequate…CARB 
must provide a basis for their significance argument, including but not limited to an 
estimate of the minerals required to manufacture the ZEVs mandated by this proposed 
regulation, the potential strain on global mineral resources, and impacts to the global 
supply chains for lithium, cobalt, nickel, and other critical minerals. The assessment 
should include sensitivity analysis to determine how costs and availability may be 
affected by mineral scarcity and global supply chain disruptions. [OP-161-28, 
incorporated by reference into comment OP-97]


Comment: Evaluate potential electric vehicle battery supply chain requirements, 
especially demand for critical mineral resources which would be necessary to support 
the proposed ZEV sales mandate [OP-161-84, incorporated by reference into 
comment OP-97]


Comment: Commenter states “In the past, numerous and robust contingencies were 
available to Californians, owing to the flexibilities and capabilities of the auto 
manufacturing, oil and gas extraction, refining, and renewable fuels industries, to 
ensure that Californians have always enjoyed security of access to personal mobility – 
i.e., dealer lots full of vehicles and gas stations with ample supplies of fuel. Now, CARB 
is closing the door on those industries, stripping them of their flexibilities and 
eliminating the contingencies that Californians have historically relied upon. Moreover, 
it is doing so in the midst of ‘unprecedented stress on California’s energy system’, 
record inflation, extraordinary supply chain disruptions, global uncertainty due to the 
lingering pandemic and the war in Ukraine, and critical concerns about the availability, 
cost and foreign dependence of minerals needed for EV batteries. As we have learned 
from the energy crises caused by the war in Ukraine and the impacts to global climate 
efforts, CARB cannot responsibly move forward on the ACC II rulemaking without 
analyzing the risks and impacts of its own actions and establishing viable 
contingencies.” [OP-141-2]
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Comment: Driven by policies like those in California, automakers have committed to 
ending production of ICEVs. What if we cannot secure the minerals needed for EV 
batteries, and the automakers cannot supply the needed EVs? [OP-141-3]


Agency Response: These comments object that because ZEVs need certain critical 
materials, such as lithium, for their traction batteries and because there are constraints 
on quantities of these materials, the ZEV requirements of the ACC II regulations are 
not feasible and have unacceptable adverse social and environmental effects. Please 
refer to the Master Response 2 beginning on page 13 of the Response to Comments 
on the Draft Environmental Analysis, the discussions in the Final Environmental 
Analysis at pages 29-40 and Chapter 4.B.12, and Appendix G to the ISOR at pages 43-
47 for descriptions of staff’s assessment of battery precious metals, mining activities, 
and recovery and recycling actions beginning to occur at the behest of the federal 
government, California, and vehicle and battery manufacturers. Staff expect the 
current supply chain challenges will be resolved by the time ACC II begins in model 
year 2026. Staff observe a dramatic increase in the investments and construction for 
procuring critical materials, manufacturing of batteries and critical ZEV components, 
and recovery of materials from used batteries. Additionally, the federal Inflation 
Reduction Act incentivizes expanded domestic production of batteries, and the 
durability requirements help reduce the amount of raw materials needed.


11. Comment: Why does the EV industry avoid sharing their performance in extreme cold 
and heat conditions, outside the temperate climate that EV’s experience in sunny 
California? With minimal sales in States with extreme weather conditions, are the EV’s 
performing below the expectations of the buyers? [OP-8].


Agency Response: Manufacturers continue to conduct durability testing of their ZEV 
models in the same extreme weather environments that they test their conventional 
vehicle models in. Additionally, the SAE J1634 BEV range testing standard has an 
optional 5-cycle pathway which allows manufacturers to test in cold weather 
conditions to generate different range calculations than they would be able to on the 
more standard testing pathways. Some manufacturers have started to choose this 
pathway, because their cold weather performance is outperforming the standard 
reduction multiplier created with years of input testing vehicles of all types. ZEVs are 
also being deployed at very high market penetration percentages, particularly in 
countries like Norway, which sees extreme cold for large portions of the year. Staff 
also modeled cold weather packages on BEVs to account for colder areas of the state 
where those vehicles may reside and be used, details of which can be found in ISOR 
Appendix G. 


12. Comment:  CARB received comments of concern related to current ZEV models not 
being ideal for farming use due to their work cycle and the need for charging and 
maintenance. [T1-107, OP-129, OP-140, OP-146, OP-153, OP-165]


Comment: Address shortfalls in BEV performance that fail to satisfy end-uses currently 
met by internal combustion engines (ICEs). [OP-161-86, incorporated by reference into 
comment OP-97]
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Comment: Commenter states that although electric vehicles certainly are an important 
part of the future, they are incapable of meeting all the needs people need to sustain 
our modern life styles. When CARB doesn't recognize this, they run the risk of 
undermining the effectiveness of this regulation. [T2-54]


Agency Response: The ACC II regulations take effect beginning in the 2026 model 
year. The record shows that automakers are capable of and preparing to produce 
vehicles to meet a wide range of use profiles in the near term (for example, see ISOR 
Appendix G). This includes new light-duty and medium-duty pickup trucks that are 
electrified with all-wheel drive capability, off-board power, and longer range with fast 
refueling capabilities. PHEVs and FCEVs are expected to be produced under the ACC 
II regulations and do not present the charging challenges presented in these 
comments and would be suitable for use in rural and agricultural settings. And many of 
the performance attributes of BEVs already meet or exceed that of conventional 
vehicles, including acceleration, cornering, and a quiet drive. See also response to 
comment B-17 and E-42 below. 


13. Comment: CARB’s ACC II ZEV mandate centers around achieving 100% zero emission 
vehicle (ZEV) or plug-in hybrid electric vehicle (PHEV) sales in California by model year 
2035. This unprecedented mandate is not supported by a demonstration of its 
technological and economic feasibility. [OP-161-45, incorporated by reference into 
comment OP-97]


Comment: CARB must perform a complete and sufficient assessment of the 
technological feasibility of the ACC II ZEV mandates… [OP-161-39, incorporated by 
reference into comment OP-97]


Comment: As CARB considers the technological feasibility of its proposal, it should 
further explore whether vehicle manufacturers are likely to possess adequate 
resources to adapt to these stringent requirements, especially in light of increasing 
global supply chain issues and commodity price increases associated with battery 
demand. Currently, CARB plans to set interim requirements for the percentage of 
electric vehicle sales starting in 2026, with this requirement increasing by 8 percentage 
points per year for the first 5 years, and then 6 percentage points per year for the 
latter 5 years. This is an unprecedented rate of vehicle technology change that the 
nation and vehicle manufacturers have never experienced before. [OP-161-59, 
incorporated by reference into comment OP-97]


Comment: California’s ACC II mandates risk arbitrarily exacerbating supply chain 
strains, and CARB does not adequately account for how the increasing adoption of 
electric vehicles will further affect the technological feasibility of its proposed 
mandates. [OP-161-4, incorporated by reference into comment OP-97]


Comment: While AGC of California supports actions that reduce greenhouse gas 
emissions making our communities an even safer place to live, we urge CARB to 
consider the feasibility of the Advanced Clean Cars II regulation. At this moment in 
time, there is not current technology to reliably initiate this regulation. [OP-103]


Comment: The proposal includes shortcomings and inconsistencies with the analysis 
regarding technical demonstrations, environmental assessment, cost effectiveness,
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lack of alternative analysis, and legal concerns regarding phasing out an entire 
industry. [T1-10, pp: 107:24-108:4.]


Agency Response: Staff reviewed automaker-reported projections of ZEV production 
capabilities, as well as public statements by industry on battery manufacturing 
commitments and actions, as well as current consumer preferences and market 
challenges (see ISOR Sections III.A.3 to III.A.6). Staff are confident that sufficient 
volumes of ZEVs will be available for the California market by the time the program 
begins in 2026 model year and its analysis established that the ACC II regulations are 
feasible in the time available. And vehicle manufacturers themselves testified that the 
ACC II ZEV standards would be challenging but overall are achievable and did not 
object to their adoption. Notably, Ford Motor Company testified that it supported the 
ZEV standards, despite their aggressiveness. (Tr., Aug. 25, 2022, pp. 89:18-19, 90:2.) 
Mercedes-Benz testified its goal is for all its new vehicles to be ZEVs by model year 
2030. (Tr., Aug. 25, 2022, p. 37:12-14.)


Staff addressed technology and cost feasibility, supply of necessary metals, and 
evaluated alternatives in the rulemaking analysis. See ISOR Appendix G for vehicle 
technology and cost assessments. Refer to the Master Response 2 on page 13 of the 
Response to Comments on the Draft Environmental Analysis regarding semi-precious 
metal availability. With regards to environmental impacts and consideration of 
alternatives, see the Response to Comments on the Draft Environmental Analysis, 
particularly Master Response 1 on page 6 related to grid impacts and infrastructure 
limitations, Master Response 3 on page 16 related to the consideration of low-carbon 
liquid fuel alternatives, and Master Response 4 on page 18 related to lifecycle 
emissions. And for comments regarding legal authority or concerns, see the responses 
to Legal Authority and Obligations comments below, particularly responses to 
comments C-1, C-2, C-6, C-14, C-15, C-16, C-18, C-19, and C-36. These comments do 
not further specify any technological and economic feasibility, alternatives, 
environmental, or legal shortcomings or deficiencies, and so no further response is 
required. 


CARB did not propose or adopt a phase-out of “an entire industry,” and so to the 
extent the commenters are making or basing the comments on such a phase-out or 
ban, they wrongly characterize the regulations and are beyond the scope of this 
rulemaking. As CARB’s analysis showed in Section 5.3.1 of the Standardized 
Regulatory Impact Analysis (SRIA) (Appendix C of the ISOR), jobs associated with 
petroleum fuel production and delivery to consumers decline as gasoline demand 
declines in the fleet, but are not eliminated (see Table 59). The updated analysis 
described in Appendix F of the FSOR shows that output from the petroleum and coal 
products manufacturing industry declines by 13% (see Table VI-6). Meanwhile certain 
other industries will experience net growth and overall consumers will benefit from 
savings in total costs of vehicle ownership, as discussed in response to comment A-20 
below, such that the ACC II regulations deliver overall net benefits to California. 
Finally, given the ACC II regulations only impact new vehicle sales, conventional 
vehicles are projected to remain in the fleet for many years. The ACC II regulations are 
not “phasing out an entire industry.” 
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14. Comment: Ensure that materials for EVs are responsibly-sourced through 
environmental and human rights due diligence assessments on supply chains [OP-158, 
OP-160].


Comment: In the past, dirty mining practices have done terrible damage to the health 
of adjacent communities and to ecological systems around the world. CARB must 
develop rules to assure that the materials needed to build EV’s are responsibly 
sourced and that there are recycling programs that allow these materials to be 
successfully reused. [OP-68]


Comment: The mining for the batteries uses child labor and dectroys [sic] the land that 
it is mined from. [OP-25]


Comment: The carrying capacity of the planet's precious metals needed to be mined 
by forced slave and child labor cannot sustain America or even just California moving 
toward all EVs. [B1-23]


Comment: CARB has not adequately addressed increased potential for human rights 
and labor abuses resulting from the significant increase in demand for minerals 
necessary for large-scale forced electrification. [OP-141-20]


Agency Response: CARB evaluated impacts associated with mining for battery 
materials (see Chapter 4.B.12 of the Final Environmental Analysis and Master 
Response 2 on page 13 of the Response to Comments on the Draft Environmental 
Analysis). CARB’s analysis concluded that ACC II is not anticipated to substantially 
affect the economic potential or supply of known mineral resources. While child labor 
and other human rights violations are abhorrent, regulations addressing these issues 
are outside of CARB’s regulatory purview for this rulemaking to adopt vehicle emission 
standards, so the comments requesting requirements for obtaining and producing 
materials for electric vehicles are outside the scope of the rulemaking. However, 
California, the Biden Administration, industry, and others are developing mining 
standards.2 CARB’s environmental analysis acknowledged that current lithium-ion 
batteries have incorporated cobalt for greater energy density and life, but that this 
shift to increased cobalt raises human rights concerns and potential supply constraints. 
Due at least in part to human rights concerns, industry is rapidly moving to batteries 
with lower cobalt chemistries, and some manufacturers are requiring battery makers to 
use blockchain technology to make the mineral supply chain traceable to ensure that 
battery metals are sourced responsibly and do not rely on conflict minerals or forced 
child labor. (See Chapter 2.D.1 of the Final Environmental Analysis.)  CARB also notes


2 “Lithium Valley Development,” Governor’s Budget Summary 2022-23, https://ebudget.ca.gov/2022-
23/pdf/BudgetSummary/FullBudgetSummary.pdf#page=94 (accessed October 6, 2022); 
“Governor Newsom Joins President Biden to Uplift California’s Vision for an Inclusive, Sustainable, Clean Energy 
Economy in Lithium Valley,” Feb. 22, 2022, https://www.gov.ca.gov/2022/02/22/governor-newsom-joins-
president-biden-to-uplift-californias-vision-for-an-inclusive-sustainable-clean-energy-economy-in-lithium-valley/ 
(accessed October 6, 2022).



https://ebudget.ca.gov/2022-23/pdf/BudgetSummary/FullBudgetSummary.pdf#page=94

https://ebudget.ca.gov/2022-23/pdf/BudgetSummary/FullBudgetSummary.pdf#page=94

https://www.gov.ca.gov/2022/02/22/governor-newsom-joins-president-biden-to-uplift-californias-vision-for-an-inclusive-sustainable-clean-energy-economy-in-lithium-valley/

https://www.gov.ca.gov/2022/02/22/governor-newsom-joins-president-biden-to-uplift-californias-vision-for-an-inclusive-sustainable-clean-energy-economy-in-lithium-valley/
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that the ACC II regulations are expected to reduce petroleum use and that oil 
extraction and processing creates serious equity impacts that may be alleviated by 
reduced gasoline consumption under the ACC II regulations (e.g., 71% of California’s 
petroleum refineries are located near disadvantaged communities,3 the highest of all 
sectors covered by CARB’s Cap-and-Trade Program, and are five times more likely to 
be located near census tracts with a high percentage of people of color4; see also 
Chapter 4.B.3 of the Final Environmental Analysis).


15. Comment: There are [environmental justice] EJ and contamination issues with batteries 
especially that must be monitored and solved.  This will require our best minds to 
avoid harming the environment or innocent peoples. [OP-76]


Comment: The useful life of those large EV batteries is limited, generally from 15 to 20 
years, but none of the recycling plans are public. With no plan currently in place to 
recycle lithium products when they reach their end, the world could literally run out of 
these exotic minerals in a few short years. An estimated 11 million tons of spent 
lithium-ion batteries will flood our markets by 2025, without systems in place to handle 
them. When and how will the recycling and disposal of spent EV batteries be 
addressed by the automobile manufacturers, and made public? [OP-9]


Comment: To try to make Electric Vehicles the only option before that technology is 
perfected will lead to pollution problems when these batteries are no longer useful. 
[OP-16]


Agency Response: CARB evaluated impacts associated with increased disposal, reuse, 
and recycling of batteries (see Chapter 4.B.9 of the Final Environmental Analysis and 
Master Response 2 on page 13 of the Response to Comments on the Draft 
Environmental Analysis). Please also refer to the discussions in the Final EA at pages 
32-39, in the ISOR at p. 86, and ISOR Appendix G, ACC II ZEV Technology 
Assessment, at pages 44-47, for descriptions of staff’s assessment of recovery and 
recycling actions beginning to occur at the behest of the federal government, 
California, and vehicle and battery manufacturers. Staff observe a dramatic increase in 
efforts to recover materials from used batteries and avoid disposal impacts. The ACC 
II ZEV Regulation includes battery labeling requirements designed to support greater 
ZEV deployment and ultimately help secure the emissions reductions needed, which 
also should support proper and efficient disposal and recycling. See Chapter III.D.5 of 
the ISOR, and ISOR Appendix F-8, Purpose and Rationale, § 1962.6. Battery Labelling


3 Disadvantaged communities are the California communities most affected by many sources of pollution and 
where people are often especially vulnerable to pollution’s effects. OEHHA, “SB 535 Disadvantaged 
Communities,” https://oehha.ca.gov/calenviroscreen/sb535 (accessed Oct. 3, 2022); see the response to 
comment C-24 for more information. 
4 OEHHA, “Impacts of Greenhouse Gas Emission Limits Within Disadvantaged Communities: Progress Toward 
Reducing Inequities,” Feb. 2022, pp. 30-31, https://oehha.ca.gov/media/downloads/environmental-
justice/impactsofghgpoliciesreport020322.pdf (accessed Oct. 7, 2022). This report found no link between 
implementation of the Cap and Trade program and increases in emissions at any facilities. 



https://oehha.ca.gov/calenviroscreen/sb535

https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf

https://oehha.ca.gov/media/downloads/environmental-justice/impactsofghgpoliciesreport020322.pdf
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Requirements. However, regulatory requirements for battery disposal, reuse, and 
recycling are outside the scope of this rulemaking.


16. Comment: Commenter indicates he tried to buy a gas-powered medium-duty truck to 
replace an aging diesel truck, but there are none to be found. Commenter does not 
know how there will be enough medium-sized electric vehicles available when you 
cannot even buy a gas vehicle right now in the time that CARB has allotted. [T2-11]


Agency Response: CARB’s analysis and the evidence in the record did not show that 
the ACC II regulations would change the overall number of vehicles produced. The 
record also does not show that the availability of a vehicle to the commenter to 
purchase right now is attributable to the regulations. Recent shortages have been 
attributed to global supply chain constraints on microchips. According to the National 
Automobile Dealers’ Association, new light-duty vehicle sales for July 2022 remain 
down 8.9% from July 2021, when sales first started to be constrained by the microchip 
shortage.5 Should similar supply disruptions occur in the future, the regulation 
provides flexibilities in the use of banked credits to facilitate compliance. The 
commenter may also be mistaken regarding ACC II regulations’ applicability on the 
replacement of existing medium-duty, gasoline vehicles prior to 2035. ACC II 
regulations only require that all new light-duty vehicle sales be ZEV or PHEV by 2035, 
not medium-duty vehicles (MDV) like the truck the commenter described. Although 
manufacturers may opt to include MDVs as part of their compliance towards the ACC 
II ZEV regulation, medium-duty ZEV sales are only required under the Advanced Clean 
Trucks Regulation to be 55% ZEV of new Class 2 and 3b trucks by 2035.


17. Comment: A Shortage of New Electric Vehicles in California Could Push Californians to 
Purchase Older and Non-EVs from Out of State, Undermining the State’s 
Environmental Goals and Harming Local Businesses. If the EV-supply concerns are 
realized, they could result in substantial interstate marketplace disruptions that could 
push consumers and wholesale dealers to purchase used vehicles from out of state. In 
its ACC II staff report, CARB recognizes how ZEV regulations can shift vehicle 
allocations within the United States when it discussed the need for environmental 
justice credits to encourage off-lease ZEVs to stay in California. It’s easy to imagine, 
that if during the ACC II compliance period there are an insufficient number of EVs 
necessary to satisfy demand in California, used vehicle prices will disproportionally 
increase in California, which would draw additional used vehicles from out of state. 
These marketplace disruptions would undermine California’s bold environmental goals 
and they would harm California consumers and local businesses. [OP-54]


Agency Response: The commenter posits that shortages of new electric vehicles in 
California will increase used vehicle prices and imports into California thereby 
undermining the environmental benefits of the ACC II regulations. CARB believes that 
such conditions are unlikely and is not required to analyze this type of hypothetical 
outcome. Nonetheless, in Appendix D of the ISOR, staff did evaluate a sensitivity case


5 P. Manzi, NADA Market Beat, July 2022, https://www.nada.org/media/6095/download?inline?inline. 



https://www.nada.org/media/6095/download?inline?inline
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where the combination of increased vehicle prices and ZEV hesitancy reduced the 
total volume of new vehicle sales which are then replaced by used conventional 
vehicles imported into California. The analysis found that even with this greater 
proportion of used vehicles in the fleet, even if they had come from outside California, 
emissions would be less than 10% higher than the proposed regulations, in part 
because the federal emission standards have been harmonized with California’s LEV III 
criteria emission standards, and may continue to be harmonized if that trend continues 
regarding CARB’s LEV IV standards. On net, the scenario analyzed would still produce 
more emission and health benefits than without any new regulations. Similar results 
would be expected for the scenario posed by the commenter. CARB also notes that 
the emissions from imported conventional vehicles would be limited by emission 
requirements for California Department of Motor Vehicles registration.6


As noted in Master Response 2 of the Response to Comments on the Draft 
Environmental Analysis and Chapter 4.B.12 of the Final Environmental Analysis, the 
record does not support significant ZEV supply concerns. Automakers are actively 
securing the necessary commodities to meet market demand for ZEVs (as they do for 
all commodities necessary for producing their products). Even in the event of an 
unforeseen event disrupting the new ZEV market, such a disruption would not be 
isolated to California. A number of states representing roughly an additional 30% of 
the U.S. new vehicle market have preliminary indicated adopting the ACC II 
regulations in accordance with section 177 of the federal Clean Air Act. The Biden 
administration signed an executive order for a national target of 50% zero emission 
vehicle sales share in 2030. (86 Fed. Reg. 43,583 (Aug. 10, 2021).) Thus, any supply 
shortages would affect a large portion of the national new vehicle market which would 
lessen the disproportionate burden on California and tend to inhibit the availability of 
used vehicles from other states to flow into California. 


Additionally, the used vehicle market is not necessarily a localized market that 
depends on vehicles supplied solely from the State. It is already an interstate market. 
Used vehicles are sold through various channels, including auctions that are open to 
parties from any state, which helps to equilibrate used vehicle prices across the 
country and makes it less likely that used vehicle prices in California would be 
significantly higher than those in other states.


18. Comment: Number – another thing, vehicle owners will repair and maintain their old 
ICE vehicles instead of buying your brand new electric vehicles. Guys like me, 
mechanics, we will become rich by maintaining and repairing people’s old vehicles, 
because they won’t buy electric cars and electric trucks.  So go ahead and make my 
day, make me a millionaire.  Jesus. Dealers, you’re going to crush the new car market, 
but dealers – used car dealers can bring cars in from other states and sell them here in 
California.  Fifty states emission cars will be legal to sell in California. So instead of


6 Health & Saf. Code, §§ 43150-43156; see also Dept. of Motor Vehicles, “Vehicle From Out-Of-State Purchases 
– Can You Register It In California?,” Vehicle From Out of State Purchases - Can You Register It in California? - 
California DMV (accessed Oct. 7, 2022). 



https://www.dmv.ca.gov/portal/driver-education-and-safety/educational-materials/fast-facts/buying-a-vehicle-from-out-of-state-can-you-register-it-in-california-ffvr-29/

https://www.dmv.ca.gov/portal/driver-education-and-safety/educational-materials/fast-facts/buying-a-vehicle-from-out-of-state-can-you-register-it-in-california-ffvr-29/
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buying electric cars, people will buy used cars, gasoline cars, brought in from other 
states.  You ever thought of that, because that’s going to happen.  [T2-57]


Comment: What will certainty occur, however, is that instead of assuring the continued 
improvement of the fleet CARB will have created our own Havana, where higher 
emitting GHG cars are kept alive for decades to allow working families to continue to 
work and live, and more cost-efficient GHG technologies are stymied by CARB’s top-
down 2022 technology diktat. [15b-2-177]


Comment: Commenter suggests ACC II will condemn working families to increased 
poverty and worsen health and educational outcomes [15b-2-15].


Agency Response: The analysis and record do not establish that the ACC II regulations 
will affect vehicle production volumes or the rates for retaining vehicles past their full 
useful lives, nor that they would worsen health or educational outcomes (and 
commenters do not explain or provide evidence to the contrary). Regarding the 
hypothetical scenario of increased used cars being brought into the State, see the 
response to the preceding comment A-17. The reference to Havana is unclear but 
presumably about the result of trade restrictions that precludes new vehicles sales 
from the United States to Cuba. Because sales are not expected to be reduced or 
constrained, it is not reasonable to predict that ZEVs will not be purchased and that 
existing vehicles will be indefinitely maintained. 


Infrastructure Considerations


19. Comment: ACC II is feasible– NRDC analysis has found that there is sufficient funding 
available to support the needed charging infrastructure over the next five years in 
California, but additional actions and funding will be needed to meet the 2030 and 
2035 public and shared private light duty charging infrastructure needs. Further, 
research shows that ZEVs are able to be integrated onto the electric grid at nominal 
costs and can in fact put downward pressure on rates for all utility customers. [OP-99]


Comment: The analysis revealed that investments from the state, the federal 
government, Low Carbon Fuel Standard, and electric utilities are currently projected 
to deliver $3.2 billion in support for charging infrastructure over the next five years in 
California. This amount could meet the state’s public, workplace, and shared multi-unit 
dwelling charging needs over the next five years based on a conservative estimate, 
provided that the Legislature passes the Governor’s ZEV investment proposal; the 
utilities implement their approved investments; federal funds are dispersed; and the 
Public Utilities Commission approves filings on Low Carbon Fuel Standard (LCFS), 
near-term priorities and Pacific Gas and Electric’s new proposal.77,78 Continued 
investments will likely be needed to meet the 2030 and 2035 public and shared private 
light duty charging infrastructure needs, including up to another $1.4 billion in public


7 This comment and the one that follows were submitted during the Second 15-Day Notice, the scope of which 
was solely additional documents relied upon being added to the record. As such, these comments are beyond 
the scope of the comment period and no response is required. Nevertheless, they are responded to here.
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investments needed between now and 2030, and up to $6.3 billion between now and 
2035, based on the most conservative case under the analysis. We note these amounts 
do not include consideration of potential funding needs for charging by fleets, single-
family homes, or dedicated (assigned) parking in multi-unit dwellings. It is assumed 
under ACC II that much of these infrastructure categories will be borne by the EV 
driver and the private sector (including potential site-hosts). [OP-99]


Agency Response: Staff agree there are substantial public investments committed 
over the next few years to help address the ZEV fueling infrastructure needs. Within 
the ACC II rulemaking, in the total cost of ownership (TCO) analysis, staff assumed 
electric vehicle infrastructure investments borne by electric utilities will be passed 
through to electricity ratepayers in the form of increased electricity prices. Staff used 
the California Energy Commission (CEC) 2021 Integrated Energy Policy Report (IEPR) 
projections of future electricity rates in the TCO analysis. Even with these costs, the 
ACC II regulations provide net savings. 


Significant private investments are also expected, as discussed in the ISOR (see ISOR 
section III.A.6., p. 24 et seq). State and federal funding is typically offered as a 
matching grant, meaning that private investment will supplement the public 
investments and roughly double the total expenditures on infrastructure. Note that 
these investment estimates do not include private investments from EVSE providers or 
automakers like Tesla who do not leverage public funds. Additionally, the recent 
federal Inflation Adjustment Act incentivizes further private investment in domestic 
clean energy manufacturing and supply chains.


20. Comment: CARB received comments noting there is currently insufficient electric 
vehicle infrastructure or an inadequate amount of planned electric vehicle 
infrastructure to serve drivers in light of the ACC II regulations.  [15-24, OP-4, T1-94, 
OP-34, OP-114, OP-141-4, B1-39, OP-88, OP-64, OP-117, B2-2, 15b-58, 15b-79, T2-25, 
T2-30, T2-51, T2-53]


Comment: A PHEV is only cleaner if the hybrid part of the car is being used.  The car 
becomes dirtier than a traditional ICE when the hybrid part of the car is being used.  
Some consumers may choose to not use the hybrid part of their vehicle at all, 
especially if they live somewhere without an established EV infrastructure or have 
trouble charging such as a mobility challenged person that does not have access to 
charging at their apartment or house. [OP-117]


Comment: First, residential electricity prices in California are almost double the 
national average and are predicted to continue to rise. This will affect the affordability


8 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.
9 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.
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of vehicle charging and could make electric vehicles impractical, even with rebates and 
expanded charging infrastructure. Notably, these same communities are also less likely 
to have rooftop solar installations, which can significantly reduce the cost of electricity 
for homeowners.


Low-income and disadvantaged communities spend a disproportionate amount of 
their income on essential utilities, including electricity. The [California Public Utilities 
Commission] CPUC’s 2019 Annual Affordability Report indicates that “13 percent of 
households in the state are located in areas where low-income households pay more 
than 15 percent of their disposable income on electricity service.” In addition, certain 
areas, including Los Angeles, Chico, parts of the San Joaquin Valley, and parts of the 
San Francisco Bay Area, spend significantly higher amounts, “indicating that low-
income households in these areas spend a very large percentage of their non-
disposable income on electricity.”


ACC II will accelerate electrification of the transportation sector, requiring significant 
infrastructure buildout to both support increased electricity demand and to facilitate 
deployment of ZEVs. The CPUC estimates that meeting additional demand alone will 
require an investment of $49 billion in resource buildout, impacting electricity rates. 
CEC Staff Analysis indicates that both commercial and residential electricity prices will 
continue to rise, reaching over $8/gasoline gallon equivalent (“GGE”) by 2026 for the 
residential sector and nearly $7/GGE for the commercial sector. Comparatively, 
natural gas will remain around $3/diesel gallon equivalent through 2030. In its 
Environmental and Social Justice Action Plan, the CPUC “acknowledges that increased 
rates place a large burden on ESJ communities,” noting that “as California transitions 
to a cleaner grid, the risk of a smaller number of households, likely lower income 
households who cannot afford to upgrade their existing household appliances to 
energy efficient and/or all electric, becoming increasingly financially responsible for 
maintaining legacy infrastructure.” [OP-122-12]


Comment: Second, CARB has failed to fully consider and mitigate the significantly 
limited access to charging stations for low-income communities, many of whom will 
need access to public charging stations, since they may not have space or the 
permission necessary to install an electric vehicle charger in their home or apartment. 
Without an adequate supply of public charging stations, rebates for low- income 
communities to purchase EVs will not be sufficient. [OP-122-14]


Comment: The commenter states “[T]he lack of sufficient charging equipment is 
significant both as it relates to public and home charging. Both CARB and the CEC 
acknowledge that sufficient charging infrastructure is needed to accommodate the 
ACC II ZEV targets. But CARB fails to consider that residents of low-income 
communities are more dependent on public charging infrastructure, which is more 
expensive and less convenient than home charging. A recent study indicates that 
home charging is often not an option for people living in multi-family housing, who are 
disproportionately low-income, because ‘[p]ublic charging can be 2-4 times more 
expensive than home charging.’


While CARB does acknowledge the need to expand public charging infrastructure into 
ESJ communities, it does not take into consideration the interim consequences of
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uneven access before improvements are made. For example, CARB states that 
‘already, in disadvantaged communities in California, used electric vehicles are 
purchased at higher rates than new electric vehicles.’ As a result, the proposed 
solution is to increase warranty, durability and affordability of new ZEVs beginning in 
model year 2026. However, CARB does not address the economic impacts to ESJ 
communities between now and when model year 2026 ZEVs are viable as ‘used.’“ [OP-
161-56, incorporated by reference into comment OP-97]


Comment: While the absence of sufficient EV charging infrastructure in disadvantaged 
communities has been acknowledged by CARB, electricity supply and distribution 
constraints for electric chargers have been largely to entirely ignored. These 
challenges are even more acute in higher density communities of color, which have 
multiple cars and adult workers per household. A further ignored challenge is the 
assumption that working families have a secure location to charge a car for 6+ hours, 
or that households where a car is in near-constant use by multiple adults working 
multiple jobs and caring for multiple kids can afford to lose access to a car for almost 
an entire workshift. [15b-2-1110]


Agency Response: CARB did evaluate charging infrastructure and access and 
electricity price impacts as part of its environmental and feasibility analyses, and CARB 
expects there will be sufficient infrastructure and grid capacity to satisfy additional 
needs from ACC II. CARB’s analysis also shows that even with higher electricity prices, 
ZEVs will still provide cost savings to the vehicle owner over conventional vehicles. 


As ZEV sales increase, the market will be incentivized to respond by providing fast-
charging infrastructure to serve vehicles outside the home, including those driven by 
residents of multi-unit dwellings. The State and federal government are also investing 
in zero-emission infrastructure, with a prioritization of investments in disadvantaged 
communities. See Section III.A.6 of the ISOR. In recent years, approximately $710 
million has been spent to install electric vehicle supply equipment (EVSE) in California 
with an additional $2.65 billion-$2.69 billion anticipated to be invested through various 
public investments. Of this amount, $1.284 billion has only recently been committed in 
the federal Infrastructure Investment and Jobs Act and California’s 2022-23 fiscal year 
budget. The Infrastructure Investment and Jobs Act in part provides funding the 
National Electric Vehicle Infrastructure Program to deploy electric vehicle charging 
infrastructure and establish an interconnected network; California will receive $384 
million over five years. The California Department of Transportation and California 
Energy Commission (CEC) have developed (and the Federal Highway Administration 
recently approved) the first draft plan for NEVI deployment in the State, both along 
busy interstates and rural State routes and with consideration for additional alternative


10 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.
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fuel corridors given to rural and disadvantaged communities.11 California Assembly Bill 
(AB) 211, statutes of 2022, chapter 574, section 36(b)(5), provided $215 million to 
support light-duty vehicle charging infrastructure, in addition to $14,250,000 in 
Assembly Bill 179, statutes 2022, chapter 249, section 64. 


Public support also includes $900 million in State funding to expand affordable and 
convenient ZEV infrastructure access in low-income neighborhoods, and additional 
investments are expected from the federal Infrastructure Investment and Jobs Act. 
The CEC Draft ZEV Infrastructure Plan (ZIP)12 provides additional details on how State 
infrastructure programs will expand access to lower income and disadvantaged 
communities, including the CEC’s investments. According to the 2021–2023 
Investment Plan Update for the Clean Transportation Program, the CEC will seek to 
ensure that more than 50% of the funds from the Clean Transportation Program will 
benefit low-income and disadvantaged communities. Further, Electrify America has 
committed to spending at least 35% of their infrastructure investments in 
disadvantaged and low-income communities. Assembly Bill 2061, statutes of 2022, 
chapter 345, will require recordkeeping and reporting for charger uptime from 
facilities that receive public or ratepayer funding to ensure that charging stations can 
provide reliable services to drivers who do not have access to home charging. And the 
ACC II regulations will require that vehicles are equipped with charging cords capable 
of both Level 1 and Level 2 service, enabling drivers to access charging circuits even if 
they do not have the ability to purchase a Level 2 home charger. 


Private funding and investment are anticipated to play an important role as well. State 
and federal funding is typically offered as a matching grant, meaning that private 
investment will supplement the public investments and roughly double the total 
expenditures on infrastructure. Note that these investment estimates do not include 
private investments from EVSE providers or automakers like Tesla who do not leverage 
public funds. Additionally, the recent federal Inflation Adjustment Act incentivizes 
further private investment in domestic clean energy manufacturing and supply chains. 


The staff economic impact analysis accounted for electricity retail prices for 
commercial and residential service, relying on the Energy Commission’s 2021 IEPR 
forecasts. These forecasts account for increasing electricity costs associated with 
electric utility investments for higher load demands, renewable supplies, and upgrades 
to transmission and distribution costs. Specific rates will be determined by the CPUC, 
as that agency manages proceedings and decisions with electric utilities that service 
the vast majority of Californians to approve rates accounting for necessary investments 
in distribution and supply equipment. As required by Public Utilities Code Section 
739.1, electrical companies with 100,000 or more customer accounts in California offer 
a 30-35% discount on electricity to qualified, low-income households through the


11 Cal. Dept. of Transportation & Cal. Energy Com., California’s Deployment Plan for the National Electric 
Vehicle Infrastructure Program (Aug. 2022), California NEVI Deployment Plan (as of Oct. 7, 2022). 
12 California Energy Commission. 2022. Draft Zero-Emission Vehicle Infrastructure Plan (ZIP). CEC 2022, First 15-
Day Notice.



https://dot.ca.gov/-/media/dot-media/programs/sustainability/documents/nevi/2022-ca-nevi-deployment-plan-a11y.pdf
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California Alternate Rates for Energy (CARE) Program.13 The Family Electric Rate 
Assistance (FERA) Program also offers an 18% discount for households with incomes 
that slightly exceed the CARE allowances.14


For even further discussion of grid impacts and infrastructure assessment, refer to 
Master Response 1 on page 6 of the Response to Comments on the Draft 
Environmental Analysis. 


As part of the economic analysis for the ACC II rulemaking, staff developed a TCO 
assessment and considered equity impacts. The BEV technology is projected to be the 
dominant strategy for compliance by automakers, and staff project TCO net cost 
savings for BEV owners, as described in Section VI.E of the staff ISOR, which will 
enable increased discretionary spending by families. The results show that BEV owners 
will save $3,216 over ten years in the most conservative case evaluated (a 2026 model 
year BEV with higher electricity prices assuming no access to a home charger) and will 
realize savings within the first year of ownership. Ten-year savings are much larger, at 
$8,835, with the lower cost 2035 model year BEV coupled with access to a home 
charger.


This TCO analysis accounts for a number of cost factors, including vehicle price, loan 
fees, sales taxes and registration fees, fuel costs, maintenance costs, and a home 
charger capital investment for some buyers (as noted above, even drivers without a 
home charger save money). Assumptions and methods for staff’s TCO analysis related 
to normal maintenance and service within the vehicle’s expected useful life are 
described in Section 3.2.5 of the SRIA, which can be found as Appendix C of the ISOR. 
Staff utilized maintenance assumptions from Argonne National Laboratory, as cited in 
the SRIA. BEV and PHEV batteries were not assumed to require replacement at the 
end of their useful life during the ten-year period of the TCO analysis, consistent with 
the new useful life and warranty requirements in section 1962.4(d) that apply to 
batteries and consistent with analyses for conventional vehicles that do not include 
speculative costs for equipment replacement after the vehicle’s useful life, such as 
engine or transmission replacement. BEVs are assumed to have 40% lower 
maintenance costs than comparable conventional vehicles, a large contributing factor 
to the TCO cost savings results overall.


CARB did not directly apportion public refueling station capital equipment costs to 
each vehicle technology, however, refueling costs were applied in the TCO analysis. 
Those refueling costs charged to the customer by the operator of the EVSE are 
expected to capture the capital investments required to build out and maintain those 
public refueling stations. CARB did account for costs associated with purchasing and 
installing home level 2 EVSEs as detailed in Section 3.5 of the SRIA.


13 CPUC, California Alternative Rates for Energy (CARE), https://www.cpuc.ca.gov/consumer-support/financial-
assistance-savings-and-discounts/california-alternate-rates-for-energy (accessed October 6, 2022). 
14 CPUC, Family Electric Rate Assistance Program (FERA), https://www.cpuc.ca.gov/consumer-support/financial-
assistance-savings-and-discounts/family-electric-rate-assistance-program (accessed October 6, 2022). 



https://www.cpuc.ca.gov/consumer-support/financial-assistance-savings-and-discounts/california-alternate-rates-for-energy

https://www.cpuc.ca.gov/consumer-support/financial-assistance-savings-and-discounts/california-alternate-rates-for-energy

https://www.cpuc.ca.gov/consumer-support/financial-assistance-savings-and-discounts/family-electric-rate-assistance-program

https://www.cpuc.ca.gov/consumer-support/financial-assistance-savings-and-discounts/family-electric-rate-assistance-program
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In staff’s TCO analysis, discretionary spending impacts on the vehicle owner are 
minimal for the BEV300 case evaluated. The analysis assumed the vehicle buyer would 
have a five-year loan for the purchase of the vehicle, enabling the purchase costs to be 
spread out over that multi-year time period. Even when accounting for higher finance 
costs with the larger loan, the annual savings in fuel offset the higher annual loan 
payments within the first year of ownership. All future year costs or savings have a 
discount rate of 10% applied to them.


Moreover, as detailed in ISOR Appendix G, ZEV costs should reduce over time and 
eventually reach parity with conventional internal combustion engines (ICEs) in most 
vehicle segments by model years 2031-34. Details of the incremental purchase cost 
projections for vehicle classes are shown in Section VIII of Appendix G of the ISOR, 
and in Attachment P to the Notice of Public Availability of Modified Text and 
Availability of Additional Documents and Information Proposed Advanced Clean Cars 
II Regulations, July 12, 2022, as amended by Errata and Comment Period Extension, 
July 13, 2022, (collectively, First 15-Day Notice). Table 30 of ISOR Appendix G shows 
the incremental cost of the BEV300 vehicles for the 2026 to 2035 model years, the 
period evaluated for new vehicle costs in the ACC II rulemaking. As shown, the 
BEV300 becomes less expensive than the comparable conventional vehicle in many of 
the vehicle classifications within the years of the regulation. This tipping point occurs 
in 2031 for small cars without all-wheel drive (AWD) and for medium SUVs with AWD, 
and in 2034 for small SUVs with AWD. As a result, after these tipping points, new 
vehicle buyers are saving money immediately at the point of purchase, in addition to 
saving money over the ten-year period of ownership, including on savings by 
reductions in energy expenditures. As described in Section 3.2.3.1 of the SRIA, the 
assumed retail price of gasoline starts at $3.92 in 2026 and increases to $4.34 in 2035; 
to the degree that future gasoline prices exceed these amounts, the total savings 
would be even greater than estimated in the SRIA


The scope of the analysis for the ACC II rulemaking is 2026 through 2035 for new 
technology costs given that is the period of the new requirements. Staff anticipate the 
current market supply disruptions will be resolved by then. Staff considered a wide 
range of external data sources in determining the cost projections used and relied up 
on the National Academies analysis partly because it acknowledged uncertainty in 
future material costs and did not leverage the most optimistic costs available. Staff 
expect manufacturing capacity to meet demand by 2026 and that the number of ZEV 
models will continue to expand in the market providing sufficient choice for consumers 
and more stable pricing.


Beyond the TCO analysis conducted for ACC II, State and federal vehicle purchase 
incentives are available now and are anticipated to remain in effect for a number of 
years to mitigate the impact of the purchase cost of a new or used ZEV. Incentives 
were not included in the CARB TCO analysis, which means the ten-year ownership 
savings will be larger than the estimates above if a consumer qualifies for vehicle 
purchase incentives.


Further, ACC II includes environmental justice value provisions for automakers to 
encourage actions that benefit lower income households. This includes encouraging 
automakers to keep used ZEVs to be resold in California to increase the pool of used







24


ZEVs in the state, sell new ZEVs at a discounted MSRP level, and place ZEVs in 
community car share programs at a discount. See response to comment A-32 below 
for further discussion on how the ACC II provisions were designed to support 
equitable access to ZEVs. 


The impacts of the existing regulations, through model year 2025, are not within the 
scope of the ACC II regulations. CARB assessed the impacts of the existing regulations 
when it adopted them. 


21. Comment: As someone who drove a fuel cell electric vehicle for 3 years, I know all to 
well about having more cars on the road than the hydrogen delivery system can 
handle. Many, many times having to wait in line for hydrogen and even having to park 
the car for 4 days because of the unavailability of hydrogen. [OP-32]


Agency Response: Staff is aware of the reliance on public hydrogen stations from 
FCEV drivers. State actions are occurring to increase station buildout with the support 
of CEC funding and private fuel industry investments. As noted in Section III.A.6.a.4 of 
the staff ISOR, CARB supports analysis through its AB 8 (Stats. 2013, ch. 401) annual 
assessments to support and advise the best placement of these state-funded stations. 
Updated analyses show FCEV sales continue increasing and fueling infrastructure is 
advancing the market and helping to address barriers to deployment. See CARB, 2022 
Annual Evaluation of Fuel Cell Electric Vehicle Deployment and Hydrogen Fuel Station 
Network Development (ca.gov), September 2022, pp. xviii-xx, updating ISOR 
reference CARB 2021c, 2021 Annual Evaluation of Fuel Cell Electric Vehicle 
Deployment and Hydrogen Fuel Station Network Development, 
https://ww2.arb.ca.gov/sites/default/files/2021-09/2021_AB-8_FINAL.pdf.


However, the ZEV regulation is not fully dependent on FCEVs and hydrogen stations. 
Other technologies, including BEVs, provide additional and complementary options 
for buyers to drive a ZEV that meets their needs and automakers to comply with the 
ZEV regulation. 


22. Comment: Building sufficient chargers to support ACC II’s ZEV targets will require 
substantial additional investments. The CEC’s AB 2127 Report projects that nearly 1.2 
million public and shared private chargers will be needed to support the roughly 8 
million ZEVs anticipated by 2030. However, infrastructure buildout has already fallen 
behind to meet the 2025 target of 250,000 chargers [OP-122-15]


Agency Response: Refer to Section III.A.6 of the ISOR for a description of state and 
federal infrastructure programs and Master Response 1 on page 6 of the Response to 
Comments on the Draft Environmental Analysis. Additionally, the ACC II rulemaking 
will require that vehicles are equipped with charging cords capable of both Level 1 
and Level 2 service, enabling drivers to access charging circuits even if they do not 
have the ability to purchase a Level 2 home charger.


Further, refer to Table III-1 in the ISOR for a projection of EV charging stations to 
support the ZEV and PHEV fleet projections in the ACC II rulemaking. ACC II projects 
approximately 5.7 million ZEVs and PHEVs on the road by 2030, not 8 million as was 
shown in one scenario from the CEC AB 2127 report.



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2F2022-09%2FAB-8-Report-2022-Final.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7Cdbd36ecc71514e25f95708da9b2d3986%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C637992915802361775%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=witDjGZEACjXiXbW%2B7LEdXGDtHm%2Bm40AFrUQ43myae8%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2F2022-09%2FAB-8-Report-2022-Final.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7Cdbd36ecc71514e25f95708da9b2d3986%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C637992915802361775%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=witDjGZEACjXiXbW%2B7LEdXGDtHm%2Bm40AFrUQ43myae8%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2F2022-09%2FAB-8-Report-2022-Final.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7Cdbd36ecc71514e25f95708da9b2d3986%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C637992915802361775%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=witDjGZEACjXiXbW%2B7LEdXGDtHm%2Bm40AFrUQ43myae8%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2F2021-09%2F2021_AB-8_FINAL.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7Cdbd36ecc71514e25f95708da9b2d3986%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C637992915802517985%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=R4yUxmNJoTgLgOnficY2NelsgXWoPeMSkh6WGIk3sFc%3D&reserved=0
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Electrical Grid Impacts


23. Comment: The second item I’d like to just clear the air on is the impact on the grid. 
Folks have raised question marks about the impact on the grid. CEC undertook an 
extensive study that found that even in 2030 if the charging from EV is managed right, 
the system impacts would be about one percent addition on the peak load. So that is 
good news with load management, with policies already in place to help manage that, 
we are ready to be absorb. [T2-28]


Agency Response: CARB agrees that the impact on the grid from electric vehicles is 
relatively small compared to the full grid capability, and is manageable with early 
investments for future loads, and with strategies to shift electric vehicle charging loads 
off-peak. Refer to the response to comment A-25 below for information on grid 
impacts from ZEVs. Further, see the ISOR Section III.6.a.3 for information on grid 
planning and investments in California, including studies of how electric vehicle loads 
are manageable.


24. Comment: The commenter states “The rapid electrification of the transportation 
sector will both substantially increase electricity demand in California and increase 
dependence on electricity services, amplifying the risk that the grid will be targeted 
for either physical or cyber-attacks. A 2021 Government Accountability Office Report 
found that ‘[t]he grid’s distribution systems face significant cybersecurity risks— that is, 
threats, vulnerabilities, and impacts—and are increasingly vulnerable to cyberattacks.’ 
According to the report, these risks ‘are compounded for distribution systems because 
the sheer size and dispersed nature of the systems present a large attack surface.’ As 
demand increases due to accelerated electrification, grid security will pose a greater 
challenge due to additional resource buildout. Further, the report found that increased 
use of networked consumer devices that are connected to the grid’s distribution 
systems—including electric vehicles and charging stations—also potentially introduce 
vulnerabilities because ‘distribution utilities have limited visibility and influence on the 
use and cybersecurity of these devices.’ ACC II’s proposed ZEV regulation will 
therefore introduce new vulnerabilities to the nation’s distribution system by 
significantly increasing the use of consumer devices. [OP-161-65, incorporated by 
reference into comment OP-97] 


Agency Response: Evaluating the impacts on the grid from potential physical and 
cybersecurity threats is outside the scope of the impacts analysis required by CARB’s 
vehicle emission regulations. CARB is aware that electrical grid risks and cyberattack 
mitigation are monitored and addressed by the Federal Energy Regulatory 
Commission (FERC) and the U.S. Department of Homeland Security (DHS).


25. Comment: CARB received numerous comments stating concerns or opposition to 
ACC II due to alleged inability of California’s electric grid, or a general lack of 
sufficient electricity, to handle the number of ZEVs that will result from ACC II.  [OP-
161-24, incorporated by reference into comment OP-97, OP-141-4, OP-141-5, T1-94, 
OP-62, T1-107, T1-72, OP-31, OP-32, OP-33, OP-34, OP-97, B1-21, OP-4, OP-42, OP-
16, OP-124, OP-117, OP-164, OP-147, B1-23, B2-8, B2-10, T2-30, T2-46]
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Comment: CARB must consider grid reliability impacts from the electrification of the 
transportation sector. As part of its evaluation of potential economic impacts to the 
welfare of California residents and in-state businesses, CARB must assess grid 
reliability impacts stemming from ACC II’s forced electrification of the transportation 
sector. 


California already faces unresolved grid reliability issues that will be exacerbated by 
ACC II’s ZEV targets and the resulting increases in electricity demand. During a 
heatwave in August 2020, nearly half a million Californians lost power. The California 
Independent System Operator’s (CAISO) root cause analysis of these rotating outages 
identified three major causal factors, including: The climate change-induced extreme 
heat wave across the western United States resulted in demand for electricity 
exceeding existing electricity resource adequacy (RA) and planning targets; In 
transitioning to a reliable, clean, and affordable resource mix, resource planning 
targets have not kept pace to ensure sufficient resources that can be relied upon to 
meet demand in the early evening hours. This made balancing demand and supply 
more challenging during the extreme heat wave; Some practices in the day-ahead 
energy market exacerbated the supply challenges under highly stressed conditions.


Recent studies reflect that factors affecting grid reliability are predicted to increase in 
future years. For example, a recent report by the California Legislative Analyst’s Office 
indicates that California is expected to experience higher average temperatures; more 
frequent, intense, and prolonged heatwaves; and a greater number of extreme heat 
days due to climate change. As these increasingly frequent extreme weather events 
increase demand for electricity, existing supply shortages will also worsen. According 
to CAISO’s 2021 Summer Loads & Resources Assessment, 2021 faced “potential 
challenges in meeting demand during extreme heat waves … [which] affect a 
substantial portion of the Western Interconnection and cause simultaneously high 
loads across the West … reducing] the availability of imports into the ISO balancing 
authority area.” As recently as July 30, 2021, Governor Gavin Newsom issued an 
emergency proclamation highlighting that California currently faces an energy supply 
shortage of up to 3,500 megawatts during the afternoon-evening net-peak period of 
high-power demand on days when there are extreme weather conditions.


ACC II and other CARB rulemakings will exacerbate supply challenges by significantly 
increasing demand for electricity in California. According to discussions during a Staff 
Workshop regarding the California Energy Commission’s (CEC) 2022 Integrated 
Energy Policy Report Update, existing regulations are “very modest compared to what 
is on the near horizon and in the future”—increases in state electricity demand are 
already apparent, and the electrification of the transportation sector will increase 
demand by around 300,000 gigawatt-hours (GWh) statewide. In addition, CARB’s SRIA 
predicts a 20.23% increase in output for electric power generation, transmission, and 
distribution by 2040. 


While securing additional generation capacity will mitigate some of these supply 
challenges, overreliance on renewable generation may exacerbate existing shortages, 
particularly during early evening hours. The California Public Utility Commission’s 
(CPUC) recently adopted Integrated Resource Plan for 2018-2020 demonstrates that 
substantial new resource capacity will be required to support accelerated
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electrification. The CPUC’s preferred portfolio for electricity generation heavily relies 
on substantial scale-up of renewable resources that already face reliability challenges.


By 2026, when ACC II goes into effect, the CPUC must plan for a new resource 
buildout of 28,154 MW, climbing to 43,131 MW by 2032.28 Nearly half of this capacity 
depends on battery storage, for which feasibility has not been demonstrated, and the 
majority of the remaining capacity is supplied by utility-scale solar, which also involves 
significant feasibility and reliability concerns.29 Battery storage at this scale would 
result in significant additional demand for critical minerals, increasing consumer costs 
for both electricity and electric vehicles. CARB has failed to adequately assess these 
reliability challenges, despite its clear legal duty to do so. [OP-161-1, incorporated by 
reference into comment OP-97]


Comment: California already faces unresolved grid reliability issues that will be 
exacerbated by ACC II’s ZEV targets. Increases in state electricity demand are already 
apparent, and electrification of the transportation sector will increase demand by 
around 300,000 GWh statewide. By 2026, when ACC II would go into effect, California 
will need an additional 28,154 MW, climbing to 43,131 MW by 2032. Nearly half of 
this capacity depends on battery storage that has not been demonstrated, and the 
majority of the remaining capacity is supplied by utility-scale solar, which also presents 
significant feasibility concerns. It is entirely unreasonable to determine that a vehicle is 
technologically feasible solely because it can be built when it simultaneously cannot 
reliably operate because it does not have the power to do so. Creating a rapid 
increase in electricity demand before more renewable energy infrastructure is built 
could increase emissions from traditional energy generating sources and offset GHG 
reductions achieved by ZEVs, an unintended consequence CARB did not consider.  
[OP-161-5, incorporated by reference into comment OP-97].


Comment: The increased demand for electricity under CARB’s proposed ACC II 
program will worsen existing instabilities in California’s grid, compromising grid 
reliability in direct contravention of federal policy. During a heatwave in August 2020, 
nearly half a million Californians lost power. As recently as July 30, 2021, Governor 
Gavin Newsom issued an emergency proclamation highlighting that California 
currently faces an energy supply shortage of up to 3,500 megawatts during the 
afternoon-evening net-peak period of high-power demand on days when there are 
extreme weather conditions. ACC II will increase demand despite existing shortfalls, 
undermining federal requirements targeting increased grid reliability. [OP-161-66, 
incorporated by reference into comment OP-97] 


Comment: Commenter is concerned that adding more electric vehicles will put more 
strain on the grid causing more blackouts and will result in citizens missing days at 
work which will impact the economy. Commenter asserts this will cause inflation to 
continue to increase and may result in even more fires than we currently see. [OP-20]


Comment: We already have rolling blackouts, how is our electrical grid going to 
handle all cars to be plugged in? What happens when you are in the freeway and an 
accident happens in the winter, you are stuck on the freeway and your electricity has 
run out? Do I want to be driving and stop in a dangerous area to sit and recharge my 
car at night? [OP-30]
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Comment: Commenter says that forcing electric cars on the population will strain the 
already over-burdened electric grid and notes the State is already experiencing 
serious energy problems with rolling blackouts every summer. [OP-22]


Comment: Neither work electric grid infrastructure impacts or cumulative impacts on 
mineral resources necessary for the transition to Evs Evaluated. For these reasons, if 
the proposal were subjected to the type of ESG analysis applied to the private sector, 
this proposal would likely receive a failing score. [T2-1]


Agency Response: CARB understands the concerns commenters raise; there will need 
to be expanded electricity generation, transmission, and distribution over the next 13-
18 years. However, CARB expects, supported by the record, that California’s electric 
grid will be capable of meeting additional demand from ACC II. See Master Response 
1 beginning on page 6 of the Response to Comments on the Draft Environmental 
Analysis for a description of staff’s assessment of grid impacts. Several studies have 
shown no major technical challenges or risks have been identified that would prevent a 
growing electric vehicle fleet at the generation or transmission level, especially in the 
near-term (see page 7 of the Response to Comments on the Draft Environmental 
Analysis). Long-term state agency planning actions are already occurring to ensure the 
grid is prepared for electric vehicle loads. Increasing electric loads from BEVs can be 
managed with charging off-peak and with demand response signals to reduce load 
during peak periods. Further, BEVs are expected to eventually provide grid services by 
taking advantage of the onboard battery storage, notably by providing backup power 
to homes and community buildings at times of electric grid power outages, or by 
providing two-way power flow to the grid allowing BEVs to become power providers 
to utilities.


CARB also notes that despite a record-setting heat wave in early September 2022, 
which also set new records for electrical demand, the California Independent System 
Operator did not require rolling blackouts to maintain the electrical system. See, e.g., 
J. Cohen, California’s electricity demand breaks all-time record during severe heat 
wave, Nation, Sept. 9, 2022. As described in the Response to Comments, significant 
planning and investments are underway to ensure an adequate energy supply and 
charging infrastructure to accommodate the ACC II regulations. These efforts have 
been bolstered by recent legislation, such as Assembly Bill 2700 (Stats. 200, ch. 354), 
that require the state’s public and private electrical to develop plans to meet the need 
for ZEVs. Because of these actions, the ACC II regulations are not expected to render 
the State’s electrical system unreliable. 


Electric vehicle demand response load management strategies, along with vehicle grid 
services, will minimize the risk to grid blackouts from vehicle loads, and minimize the 
risk of lost labor time and wages. It is not clear how planned outages or missed 
workdays, if they occur, will cause wildfires or macroeconomic inflation. ZEVs, like 
conventional vehicles, may occasionally have to be refueled at night and away from 
home or work; in the NEVI solicitation, for instance, there is a requirement for 
adequate lighting at charging stations, but related safety risks are not new or unique 
to ZEVs. CARB also notes that fuel risks from blackouts or being stranded on the 
freeway also exist similarly for conventional vehicles and are not new or unique to 
ZEVs. 



https://www.pbs.org/newshour/nation/californias-electricity-demand-breaks-all-time-record-during-severe-heat-wave

https://www.pbs.org/newshour/nation/californias-electricity-demand-breaks-all-time-record-during-severe-heat-wave
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See also Master Response 2 on page 13 of the Response to Comments on the Draft 
Environmental Analysis for semi-precious metal mining and sourcing. 


26. Comment: There have been increasing number of PSPS events in California over the 
last five years, due in large part to an aging electrical transmission and distribution 
infrastructure that utility companies in California have neglected to maintain in order 
to reduce their costs and increase profits.130 In 2019, PG&E explained to the 
California Public Utilities Commission (CPUC) that it would take 10 years to decrease 
PSPS event severity significantly, and this does not include all the additional upgrades 
that will now be needed as a result of the requirements in the proposed ACC II 
regulation. The proposed ZEV strategy may leave California particularly vulnerable to 
PSPS events, which would eliminate the ability to recharge ZEVs. CARB claims that 
vehicle-to-grid (V2G) technology would help solve PSPS event issues, but this is 
assuming that a consumer would consent to feeding their electricity back into their 
house without knowledge of when the power would be restored. Electrical grid 
upgrades are needed to prevent PSPS events and increase the stability and reliability 
of the electric vehicle charging infrastructure. This is an issue unique to electricity as a 
fuel and must be analyzed. Meanwhile, the Renewable Portfolio Standard (RPS) 
mandates increased reliance on renewable power sources such as solar and wind, 
which has already posed challenges to the reliability of the California electrical grid. 
CARB must consider the impacts of rolling blackouts, higher utility costs, 
destabilization of industrial operations, and other foreseeable consequences of 
shifting significant additional power demand onto the grid. [OP-161-25, incorporated 
by reference into comment OP-97]


Comment: The State’s energy agencies just issued a warning our electrical grid lacks 
sufficient capacity to keep the light on this summer. El Dorado County already is victim 
to capricious “PSPS” events, and this Plan will only exacerbate our region’s blackouts 
and bring more suffering to residents.  Also, we are not close to having the 
infrastructure necessary to support an all electric future especially when PG&E has 
failed to upcome infrastructure over decades. Its simply not realistic to think rural 
areas have the ability to make this transition in such a short time without massive state 
investment in hardening and upgrading the grid. [OP-123]. 


Comment: Commenter asks as more demand goes on the grid with EV use, how are 
we going to be able to make this work alongside PSPS and brownouts? [T2-3]


Agency Response: See the agency response to comment A-25 above. As explained in 
Master Response 1 of the Response to Comments on the Draft Environmental 
Analysis, PSPS events are anticipated to diminish in frequency and duration as the grid 
is hardened and capacity expanded. 


CARB considered forecasts of electricity supply and costs in its analysis. The evidence 
in the record does not show that the demand for electricity from the ACC II 
regulations will significantly increase retail electricity prices, which are subject to 
regulatory controls. In particular, see Master Response 1 at pages 6-9 of the Response 
to Comments on the Draft Environmental Analysis; Form 399 Attachment, Proposed 
Amendments to the Low-Emission, Zero-Emission, and Associated Vehicle Regulations 
(ACC II regulations), pp. 34-35, Fig. 4. CARB also evaluated upstream emission
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impacts from greater amounts of ZEVs, including BEVs and FCEVs. See Chapter 4.B.3 
of the Final Environmental Analysis for air quality impacts analysis. 


27. Comment: Urge CARB to consider upgrading the electrical grid so that energy can 
reliably get to consumers that would make this regulation obtainable. Additionally, to 
consider equity needs in the design of the Advanced Clean Cars II regulation for 
prioritizing grid upgrades. [OP-103] 


Comment: Can utilities and government guarantee that all residential, commercial, 
and industrial electric needs will be met affordably in a move to a total renewable-
powered grid? Recent events in a number of states, including California, 
demonstrated the need for grid reliability, especially when certain electricity 
generation types cannot operate. Further, on-going NIMBY movements in 
Massachusetts and our New England neighbors have obstructed the ability to 
construct power lines coming into our state from Hydro Quebec and extended the 
fight for the wind farms off of Cape Cod into its third decade. Governments across the 
country, including Massachusetts, have set renewables standards for utilities’ 
portfolios that are heavily subsidized by taxpayer dollars as well as by ratepayers. 
These portfolio standards are useless if we ultimately cannot deliver the power from 
these sources to electricity customers. [OP-114]


Agency Response: See Master Response 1 beginning on page 6 of the Response to 
Comments on the Draft Environmental Analysis for a discussion of State actions on 
upgrading and expanding the grid, in part to ensure adequate electrical supply in the 
coming years. These grid supply and resiliency measures are outside the scope of ACC 
II but do provide assurances that the State will be prepared for the increased number 
of ZEVs. 


28. Comment: Commenter states “The California legislature has made clear that wildfire 
resilience is a priority for the state. Despite this clear legislative priority, CARB’s 
proposed ACC II program will undermine wildfire resilience by forcing electrification of 
the transportation sector through its ZEV sales mandate, which will necessarily require 
significant build-out of electricity infrastructure, exacerbating existing wildfire risks and 
worsening wildfire impacts. These impacts will disproportionately affect low-income 
and disadvantaged communities…


Electric utility infrastructure poses a significant wildfire ignition risk that CARB has 
failed to assess, and that ACC II will exacerbate. The December 2020 Utility Wildfire 
Mitigation Strategy and Roadmap emphasized that climate change will amplify utility 
wildfire risks by increasing vegetation contact through invasive species and tree 
mortality and increasing the size, scope, and frequency of wildfires, meaning that 
utilities will ‘operate in more high-risk areas going forward.’ Utilities are already 
operating in areas facing extreme or elevated wildfire risk in both Northern and 
Southern California, and these risks “will almost certainly increase” in the future… 
Apart from ignition risks, overreliance on electrification, as required by ACC II, can 
amplify wildfire risks to electrical transmission and distribution assets throughout the 
state…
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Moreover, CARB overlooks the potential hazards faced by communities with an urgent 
need to evacuate from fires who may be stranded if they cannot charge their electric 
vehicles. CARB’s analysis is entirely one-sided, assessing highly attenuated benefits 
while ignoring demonstrable costs based on extensive analyses by other California 
agencies.


Low-income communities are disproportionately burdened by wildfire impacts. 
According to a recent study analyzing wildfire impacts from 2010 to 2020, rural 
communities ‘sustained three times more wildfire on average’–these communities 
exhibited significant environmental justice indicators, including ‘higher rates of 
poverty, unemployment, and vacant housing, as well as higher proportions of low-
income residents and residents without college degrees.’


Likewise, environmental justice communities are most impacted by de-energization 
events— according to the CPUC’s report, ‘[t]hese events have had massive 
implications for [environmental and social justice (ESJ)] communities, particularly low-
income people in rural, high fire threat areas including people with access and 
functional needs.’ The CPUC’s 2022 Environmental and Social Justice Action Plan 
indicates that ‘electric utilities have used de- energization strategies more frequently 
to prevent ignition of wildfires by electric utility infrastructure.’ Among the three 
largest utilities in California, data shows an average of 14 outages per year, impacting 
more than a million customers. CARB must account for the impact of rapid 
electrification on wildfire risk and consider the communities that will bear them. [OP-
161-6, incorporated by reference into comment OP-97]


Comment: In view of the devastating wildfires in recent years that have been ignited 
due to failures of strained and poorly maintained electrical infrastructure, CARB must 
evaluate how the increased demand for electricity resulting from the proposed rule 
will increase the risk of wildfires, and CARB must further evaluate the potential impacts 
more frequent wildfires will have on public health and the environment.  Wildfire 
smoke substantially contributes to PM2.5 emission.  A recent study by researchers 
from Stanford found that “the contribution of wildfire smoke to PM2.5 concentrations 
in the US has grown substantially since the mid-2000s, and in recent years has 
accounted for up to half of the overall PM2.5 exposure in western regions.”58 
Exposure to wildfire smoke can contribute to “a range of negative health 
consequence[s],” and increased emissions from wildfires can “erode gains from efforts 
aimed at reducing PM2.5 from other pollution sources.” ACC II worsens existing 
wildfire risks to the additional detriment of air quality and public health, undermining 
not only clear legislative priorities but also CARB’s responsibility to “coordinate, 
encourage, and review the efforts of all levels of government as they affect air 
quality.” As the agency charged with overseeing attainment for state criteria pollutant 
standards, CARB cannot overlook these impacts and the significant risk that increased 
wildfires will exacerbate existing nonattainment issues. [OP-141-10]


Comment: Asking Californians to be dependent on an energy source that has proved 
itself unreliable is unfair to the citizens affected by these wildfires.  How are everyday 
citizens supposed to charge their Evs when the power lines are down due to wildfires 
that the same utility has cause be neglect of their equipment? [OP-117]
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Comment: As recently as the winter of 2020-2021 in my area we had 3 major outages 
due to risk of fire. Two of these came without warning.  Now while I already had solar 
on my house because SDG&E shut down power it didn’t do me any good in running 
my house or charging my car. No I would have to shell out a lot of money to have my 
own battery bank to be able to sustain my car during this time. The power grid is too 
dependant on external power and thus will be at risk to shut down due to weather 
events in the foreseeable future. [OP-4]


Comment: Power shutoffs during times of emergencies, forest fires, and other 
catastrophic disasters could mean that Californians would not have access to charge 
their electric vehicles to escape and evacuate from areas of disaster. Low income 
communities, many situated here in the San Joaquin Valley could be impacted 
disproportionately by these changes. [OP-140]


Agency Response: CARB analyzed the associated impacts on the electric grid from 
ACC II as required by law. Refer to the response to comment A-25 above. CARB also 
evaluated wildfire risk from increased grid infrastructure in its Environmental Analysis 
and determined ACC II will not directly result in increased instances of wildfire. See 
sections 4.B.20 and 5.D.20 of the Final Environmental Analysis and the responses to 
comments OP-161-6 and OP-141-10 in the Response to Comments on the Draft 
Environmental Analysis (pages 78-80 and 63-64, respectively). These demand response 
load management strategies, along with vehicle grid services, will minimize any risks to 
grid blackouts from vehicle loads. CARB further notes that any vehicle, regardless of 
fuel, must be fueled to be used, whether for evacuation or any other use. Refueling 
risks from emergency power losses exist similarly for conventional vehicles (e.g., 
conventional vehicles may also run out or be out of liquid fuel at the moment of an 
emergency, and liquid fuel refueling stations require electricity to operate). These 
considerations are not new or unique to ZEVs. The record before CARB does not show 
that the ACC II regulations increase this risk.


29. Comment: Please make sure that the electric grid can support this level of 
electrification.  Places like Oregon are or will be requiring all electric homes.  I am 
concerned that the electricity and the resources like wind, solar and batteries are 
produced, used and retired in a very low carbon, low pollution, socially acceptable 
way.  Plugging in to a coal powered grid is just transferring the pollution away from 
our large cities without reducing CO2 levels.  [OP-90]


Agency Response: CARB adopted the ACC II regulations to apply in California and 
assessed the impacts of the regulations to California’s electrical system. Refer to the 
response to comment A-25 above.


States that choose to adopt the ACC II regulations may evaluate the impacts of doing 
so in their own states, including impacts to their electrical systems and expected 
emissions. CARB notes that in 2021, coal provided only about 3% of California’s 
electricity. California Energy Commission, 2021 Total System Electric Generation 
(ca.gov).


30. Comment: Additionally, the ACC II increases our concerns surrounding California’s 
food security by allowing – by asking farmers to rely on a grid that is prone to



https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2021-total-system-electric-generation

https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2021-total-system-electric-generation





33


blackouts, public safety, power shutoffs, and power outages. California Farm Bureau 
asks for you to not leave rural California in the dark and to take a closer review of the 
effects on rural utility available and capacity. [T2-51]


Agency Response: Refer to the response to comment A-25 above. Because the record 
does not show a likelihood of significant grid reliability issues, CARB did not further 
review rural utility availability and capacity. CARB will monitor utility Integrated 
Resource Planning submittals and provide feedback when they do not adequately take 
into account growth in electrical demand in rural areas due to CARB’s ZEV regulations 
to make sure that utilities are planning appropriately for load growth throughout the 
State including in rural areas. Additionally, CARB will continue to monitor 
circumstances regarding implementation of the ACC II regulations and will modify the 
requirements as necessary. Electric vehicle loads can be shifted to off-peak periods to 
reduce day-to-day impacts.  Further, electric vehicles will be an asset for grid support, 
providing backup power capability for homes and community buildings when the 
power is out.


31. Comment: With increasing reliance on solar and wind generation, California also faces 
reliability hazards due to power inverters that serve solar and wind farms not being 
able to “ride-through” short-term disturbances, as occurred in California on four 
separate occasions between June and August 2021.26 For individuals and 
communities that lack back-up power resources, a loss of electricity in an all-electric-
vehicle world means a loss of personal mobility and an inability to get to and from 
work or school, secure food or obtain medical attention. [OP-122-2]


Agency Response: Refer to the response to comment A-25 above and ISOR Section 
III.A.6 on complementary policies, including a description of emerging vehicle-to-grid 
integration (VGI). Some BEVs already on the market today offer backup power 
capability in the event of a building losing power. This is a function not available with 
conventional vehicles. When local electricity services are temporarily out, gasoline 
stations are not able to operate either. A BEV with backup power capability can power 
a building, and occasionally drive to another community with power to recharge 
depending on how long the power outage occurs.


Equity Impacts and Considerations


32. Comment: CARB received comments asking the Board to increase equity, issue a 
more equitable proposal, support for strong equity provisions, or to strengthen equity 
or provisions that support equity. [T1-1,T1-26, T1-35, T1-46, T1-52, T1-63, OP-110, T1-
40, T1-67, T1-71, T1-89, OP-143, OP-85, T1-87, OP-68, T1-3, OP-38, OP-39, OP-40, 
OP-99, OP-83, OP-136, OP-156, OP-138, OP-151, B1-7, B1-34, T1-50, T1-53, T1-77, 
T1-85, OP-61, OP-169, OP-125, OP-175, OP-178, OP-48, OP-70, OP-35, OP-36, OP-
43, OP-70, OP-47, OP-144, T2-27, OP-88, T2-5]] 


Comment: CARB received several comments that ACC II must center equity to 
maximize benefits or zero emission vehicle deliveries to disadvantaged communities, 
or that there must be more equitable or affordable access to electric vehicles. [OP-
136, OP-156, OP-166, OP-35, OP-36, OP-43, OP-69, OP-47, OP-116, OP-144, OP-
100, T2-20, T2-47]
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Comment: ARB should utilize this vital opportunity to ensure that the ZEV 
requirements, as a part of the ACC II program, are delivering emission reductions to 
those communities most historically overburdened with transportation emissions, and 
where the public health needs are among the greatest. NRDC shares the objectives of 
our equity partners to have a strong proposal that increases the emissions and public 
health benefits of the ZEV program overall, results in more vehicles being placed in 
pollution-burdened communities or regions than would otherwise occur, and that 
maximizes participation by automakers in these programs. Increased participation in or 
expansion of these equity-centered programs – as driven by the provisions in the ZEV 
program – could increase overall public health benefits. [OP-99]


Comment: ACC II should also promote the creation of family-supporting, high-road 
jobs and ensure that low-income and communities of color have greater and equitable 
access to zero emission vehicles and their associated benefits. [OP-180]


Comment: Furthermore, we urge ARB to consider additional requirements to 
encourage ZEV sales and reduce tailpipe pollution in low-income communities and 
communities of color who have suffered from air pollution for too long. [OP-131, OP-
132]


Comment: As conservation, environmental justice, community, health, faith, and civic 
organizations representing millions of Californians, we call on you to take more 
aggressive action to clean up the California passenger-vehicle fleet. The rule should 
ensure an equitable transition to electric vehicles while promoting clean, public 
mobility options in line with zero-emission transportation. CARB’s current proposal for 
the acc II regulation, however, is not nearly strong enough to push California to meet 
its climate targets as mandated by SB 32 or to ensure equitable access to electric 
vehicles. [OP-160]


Comment: The current ACC II proposal is not strong enough to fully achieve these 
opportunities by rapidly and equitably transforming the passenger vehicle market to 
zero-emissions. CARB must go further to develop an ACC II rule that prioritizes 
equitable outcomes that will support and create hundreds of


thousands of good paying jobs, keep California competitive with the growing global 
ZEV marketplace, and dramatically drive down health costs by billions of dollars, 
improve access and affordability for low-income households, all while significantly 
reducing and ultimately eliminating tailpipe pollution. [OP-144]


Comment: The proposed rules fall short of meeting California’s climate and 
environmental justice goals and leave under-resourced communities without strong 
policy considerations that would deliver access to cleaner air and more affordable, 
pollution-free transportation options. The Air Resources Board (CARB) must go further 
to develop regulations that prioritize equitable outcomes that will support and create 
hundreds of thousands of good paying jobs, keep California competitive with the 
growing global ZEV marketplace, and dramatically drive down health costs by billions 
of dollars, improve access and affordability for low-income households, all while 
significantly reducing and ultimately eliminating tailpipe pollution. [OP-136, OP-156]
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Comment: However, the current proposal does not currently achieve the 
environmental, health, economic and equity outcomes that it should. The Air 
Resources Board (CARB) must go further to develop an ACC II rule that prioritizes 
equitable outcomes that will support and create hundreds of thousands of good 
paying jobs, keep California competitive with the growing global ZEV marketplace, 
dramatically drive down health costs by billions of dollars, and improve access and 
affordability for low-income households, all while significantly reducing and ultimately 
eliminating tailpipe pollution. [OP-166]


Agency Response: CARB assessed these comments and agrees with these 
commenters that the ACC II regulation does not fully achieve the objectives of 
equitably transitioning the light-duty sector to zero emissions. Ensuring vehicle 
emissions are reduced and eliminated is but one part of an equitable transportation 
system. As CARB indicated in the ISOR (p. 24), “California’s ZEV regulation is one 
piece of the overarching strategy[,]” and “transportation equity extend[s] beyond cars 
to embrace policies and tools that reduce the need for personal vehicles and extend 
to walkability and transit as well.” 


Within the scope of CARB’s authority and legislative direction to address the serious 
problem of air pollution in California, CARB balanced multiple goals, equity being one 
of them, and adopted regulations that achieve the maximum feasible GHG and criteria 
emissions reductions and provide economic benefits to the State of California. 


Throughout the ACC II rulemaking, staff considered the impacts the regulations would 
have on low-income communities and individuals and disadvantaged communities, 
settling on a multi-faceted approach, which CARB adopted. Additionally, in 
developing these regulations, staff informed and consulted communities about the 
future of zero-emission transportation and what is being done to make ZEV 
technologies more accessible. For example, staff conducted an online transportation 
equity community listening session and participated in existing local community and 
environmental justice coalition meetings to discuss the ACC II rulemaking. In 
developing the regulatory proposals and analysis, staff met with more than 20 
national, state, and local advocacy organizations to learn more about the 
recommendations these groups may have regarding staff’s proposals and how zero-
emission transportation could be made more equitable. CARB also facilitated broad 
participation from communities through means such as remote commenting on 
workshops and at Board hearings. The adopted regulations draw on these 
recommendations and staff’s own analysis.


As discussed in the ISOR beginning on page 9, staff’s approach to advancing 
environmental justice in these regulations are multi-faceted and sit within a larger set 
of actions – from incentive programs to other regulatory measures – intended to 
protect priority populations. The significant pollution reductions from the regulations 
as a whole, when accounting for cleaner conventional vehicles as well as the increasing 
volume of ZEVs, will reduce exposure to vehicle pollution in communities throughout 
California, including in low-income and disadvantaged communities that are often 
disproportionately exposed to vehicular pollution. The ACC II regulations may 
decrease the exposure to air pollution of those who live and work near roadways as 
well as fuel distribution facilities. This is especially important as these individuals are
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likely at higher risks of developing cardiovascular and respiratory issues because of 
particulate matter (PM) emissions, compared to those who live farther away from 
roadways and fuel distribution facilities. Although CARB cannot quantify the potential 
effect on near-source exposures, the ACC II regulations are expected to provide 
significant health benefits for these individuals. Further, long-term studies have shown 
that prior LEV standards reduced the degradation with age of conventional vehicle 
emission control systems. This reduces the disproportionate impacts of emissions 
between newer and used vehicles and the households that own them such that used 
vehicles more commonly owned by lower-income households in environmental justice 
communities have become increasingly cleaner relative to new vehicles. 


In addition to cleaning up the light-duty fleet, staff’s initial proposal also included 
targeted measures aimed to increase equity. The ZEV assurance measures ensure that 
emissions benefits are realized and long-lasting, while supporting more reliable ZEVs 
in the used vehicle market. Durable and better performing used ZEVs can help 
increase access to clean vehicle technologies for communities that may not be buying 
new vehicles, but which do need reliable household mobility options. Lastly, the ISOR 
proposal also included provisions to encourage manufacturers to take actions that 
improve access to ZEVs for disadvantaged, low-income, and other frontline 
communities, including by investing in community car share programs, producing 
affordable ZEVs, and delivering used vehicles to dealers that participate in CARB’s 
complementary equity incentive programs.


The used car market can be a powerful tool in ensuring ZEV access at all income 
levels. Already, in disadvantaged communities in California, used ZEVs are purchased 
at higher rates than new electric vehicles. On average, used ZEVs cost 43-72% less 
than new ones. This makes the used market important in achieving California’s carbon 
reduction goals, and a critical place to ensure ZEVs are thriving. The increasing ZEV 
requirements of the ZEV Regulation will increase the population of used ZEVs, which 
will make ZEV ownership more attainable for lower-income households.


However, CARB concurred with these commenters and, in the first Board Hearing, 
directed staff to issue changes to staff’s initial proposal to better encourage 
manufacturers’ generation of environmental justice values to promote more direct 
action in disadvantaged communities and support ZEV adoption among lower-income 
drivers. Included in its First 15-Day Notice, staff linked manufacturers’ ability to use the 
full cumulative converted ZEV and PHEV value allowance to their use of environmental 
justice values. Additionally, staff included enhancements to the environmental justice 
values by allowing early generation of certain values (based on discounts provided to 
community-based clean mobility programs starting as early as model year 2024) and 
included an additional value for manufacturers to place off-lease ZEVs and PHEVs with 
participants in CARB’s low-income financial assistance programs. See response to 
comment D-6 in Appendix C of the FSOR for more discussion on these 15-day 
amendments related to the environmental justice values. 


Finally, CARB is aware that, beyond the ACC II regulations, more must be done to 
ensure environmental justice communities benefit equitably from the transition to 
100% zero-emission new vehicle sales, and Resolution 22-12 directed staff to work to 
expand access to ZEVs (p. 20). In addition to the ACC II regulations, statewide actions
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can include significant increases in funding for targeted incentives and infrastructure 
development, as well as more directed equity actions from private industry. As CARB 
and State actors consider ways to protect public health, the lens for transportation 
equity extends beyond cars to embrace policies and tools that reduce the need for 
personal vehicles, such as walkable communities, active transportation, and public 
transit as well.


33. Comment: In addition to CARB staff and other subject matter experts, CARB should 
listen to California citizen experts to provide generational equity. [T1-84]


Agency Response: CARB staff engaged in an extensive public process in developing 
the ACC II regulations. Staff sought input from stakeholders through various outreach 
and engagement events, including public workshops, stakeholder working groups, 
providing AB 52 notices to tribes, informal meetings and phone calls, and a 
community listening session. The community listening session helped inform 
community members about what the State is doing to increase equitable access to 
clean transportation through the ACC II regulations and other programs, and helped 
inform the State through listening to community questions, thoughts, experiences, and 
suggestions. CARB looks forward to continued engagement with stakeholders.


34. Comment: Although Executive Order N-79-20 (“EO”), Governor Newsom’s mandate 
to transition to a statewide ZEV fleet and away from fossil fuels, calls for certain 
agencies to ‘identify’ actions and investment strategies to improve public 
transportation options to ensure clean transportation solutions are accessible to all 
Californians, it does not (and legally, cannot) provide the tremendous amount of funds 
necessary to fully mitigate the harmful economic impacts the Proposed Regulation will 
have. Ordering the phase-out of traditional vehicles without ensuring that these 
affordable alternative transportation options and critical supporting funds are already 
in place puts the cart before the horse. [OP-141-24]


Comment: As multiple sources of authority mandate, CARB must do more to consider 
and mitigate the impacts its proposed regulations will have on low-income 
communities. While CARB does provide some mitigation measures intended to benefit 
these communities, the agency indicates that in order for these communities to not be 
harmed by the transportation transition, “statewide actions need to include significant 
increases in funding for targeted incentives and infrastructure development, as well as 
more directed equity actions from private industry.” 


However, it is far from clear that the Legislature will enact the permanent sources of 
funding needed to create a just transition for low-income communities. More 
specifically with regard to increased public transportation infrastructure, the exact 
costs and timelines of when this infrastructure will be constructed is also uncertain, as 
is the effectiveness of these investments in fixed route public transit and multi-modal 
(pedestrian and bike path) options given that even pre-COVID, and even with the 
infusion of many billions of dollars in public transit, public transit ridership was steadily 
declining - with the steepest ridership declines in Southern California for example 
attributable to lower income commuters from our communities. The reasons for lost 
ridership are well understood, although remain unacknowledged by CARB and its 
public transit allies. For example, commute durations expand dramatically for the vast
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majority of jobs that are not located in central core areas like downtown Los Angeles 
and San Francisco, and workers who must endure long bus commutes instead of far 
shorter car commutes mean time stolen from their families and other critical needs. 
Reliable service, especially for multi-transfer bus commuters, is also notoriously terrible 
as even Sacramento's own transit agency testified to CARB when explaining that its 
internship program for enthusiastic low-income minority youths was resulting in high 
levels of absenteeism and tardies based on bus dependency - problems that were 
fixed when employee carpools were established to pick up these young people so 
they could get to work on time. California's essential workers and other workforce 
members must be able to get to work on time, every day, or risk losing not just a 
paycheck but also their job and their housing. 


Thus, until such additional funding measures have been enacted, and the actual 
effectiveness of public transportation systems as equitable transit solutions using 
metrics that measure commute durations and on-time arrivals has been verified with at 
least one pilot program in every region of the state, this new ACT II vehicular mandate 
that will drive further transportation cost increases and erode critical transportation 
mobility with exceptionally harsh, and racist, impacts to our low income hard-working 
families. As explained in more detail below, these impacts include higher electricity 
prices, lack of accessible charging stations, lack of available gas stations for families 
who cannot afford to transition vehicles, and increased fuel costs due to imports. [OP-
121, OP-122-9, OP-122-10, OP-122-11]


Comment: Before CARB finalizes ACC II, the state must have comprehensive measures 
in place to protect low-income communities from carrying the primary burdens of 
climate change measures. Otherwise, at the expense of low-income communities, the 
ultimate beneficiaries of ACC II will be out-of-state power providers and the electric 
utilities themselves. To reduce the disparate impacts of costs on those who can least 
afford it, the rule must not unfairly advantage technologies, which are realistically 
accessible only for wealthier and more urban populations, at the expense of rural and 
lower-income consumers, who must subsidize those costs in the form of higher prices 
paid to fuel their vehicles and longer commutes. [OP-122-13]


Comment: The ACC II rule does just that [causes disproportionate harm to racial 
minorities], and must be withdrawn pending the previously-promised, and now 
ignored, "just transition" to reducing reliance on fossil fuels. [15b-2-1415]


Agency Response: The commenters assert that CARB inadequately considered and 
addressed potential impacts of the ACC II regulations on low-income communities, 
citing ongoing inequities in public transit and infrastructure.  Commenters recommend 
that CARB refrain from adopting the ACC II regulations until other elements of an 
equitable transition to a zero-emission transportation system have been achieved. 


15 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here. 
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CARB notes that comments about regulations and State actions to improve public 
transit are outside the scope of this proposal to adopt regulations to reduce emissions 
from light- and medium-duty motor vehicles. CARB also disagrees that it inadequately 
considered and addressed potential impacts of the regulations on low-income 
communities, or that the status of public transit systems and funding provide adequate 
reasons to decline to dramatically reduce harmful emissions from vehicles through the 
requirements of the ACC II regulations. See, for instance, the response to comments 
E-31 and E-40 below, and responses to comments D-10 and D-11 in Appendix C of 
the FSOR. 


CARB disagrees with the commenters that potential impacts of the ACC II regulations 
on low-income communities indicate that CARB should postpone adoption of the ACC 
II regulations until funding and infrastructure sufficient for a broader and undefined 
transition to a zero-emission transportation system are in place. Ensuring vehicle 
emissions are reduced and eliminated is part of an equitable transportation system. 
The ACC II regulations include several provisions to increase deployment of clean 
transportation technology to disproportionately impacted and low-income 
communities, many of which are predominantly communities of color. As CARB 
indicated in the ISOR, on the page quoted by one commenter (p. 24), “California’s 
ZEV regulation is one piece of the overarching strategy[,]” and “transportation equity 
extend[s] beyond cars to embrace policies and tools that reduce the need for personal 
vehicles and extend to walkability and transit as well.” Besides the ACC II regulations, 
support is being provided through State and federal investments in zero-emission 
infrastructure, with a prioritization of investments in disadvantaged communities. See 
the response to comment A-20 above. CARB also notes that State and federal vehicle 
purchase incentives are available now and are anticipated to remain in effect for a 
number of years to mitigate the impact of the purchase cost of a new or used ZEV. 
See, e.g, Assembly Bill 179 (Stats. 2022, ch. 249), which provides $14,250,000 in 
support of ZEVs. CARB has determined that it would not be appropriate or beneficial 
to postpone this important but limited piece of the overall strategy until other pieces 
are fully in place. Moreover, the ACC II regulations are necessary to fulfill CARB’s legal 
obligations to reduce vehicle emissions, which cannot be postponed as the 
commenter desires. 


CARB evaluated vehicle ownership cases in the TCO analysis where a BEV owner could 
not install a home charger. In those cases, the vehicle owner still sees cost savings 
soon after purchasing the vehicle, accounting for higher public charging electricity 
prices. See the response to comment A-20 above. 


35. Comment: Bureaucratic mismanagement and racial blindness (or bias) in the "cash for 
clunkers" program in Southern California caused the initial program rollout to simply 
strip affordable used cars from poor working families; the ACC II Rule follows this 
precisely racist pathway in mandating the phase-out the source of the state’s 
affordable used car supply. [15b-2-4].


Agency Response: This comment was submitted during the Second Notice of Public 
Availability of Additional Documents Proposed Advanced Clean Cars II Regulations, 
August 8, 2022 (Second 15-Day Notice), the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond
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the scope of the comment period and no response is required. Nevertheless, the ACC 
II regulations do not mandate the phase-out of the source of the State’s affordable 
used car supply. The ACC II rulemaking applies to automakers and new vehicles, not 
used vehicles commonly purchased by lower-income drivers. Further, conventional 
vehicles may still be sold in California through 2034, past the date when BEVs are 
projected to become cheaper to buy than conventional vehicles. See also responses to 
comments A-32 and A-34 above. 


The comment regarding “cash for clunkers” is outside the scope of this rulemaking. 
Nonetheless, CARB strongly disagrees with the commenter’s characterization of the 
activities and management of such programs, including in Southern California. 
Especially in light of rising gas prices in California, CARB’s light-duty vehicle purchase 
incentives play an important role in equitably increasing ZEV accessibility and 
affordability. The state has made significant investments in low-income and 
disadvantaged communities through equity-focused projects, such as Clean Cars 4 All, 
Financing Assistance programs, and increased Clean Vehicle Rebate Project (CVRP) 
rebates for lower-income applicants, by providing vehicle purchase incentives to those 
that need them the most. In addition, CARB’s equity focused programs also pair 
vehicle incentives with funding for charging or mass transit options, which further 
benefit low-income Californians. All of CARB’s incentive programs are voluntary and 
provide low-income individuals with an opportunity to purchase a newer, cleaner, 
more reliable vehicle.


B. Alternative Regulatory Structures


Alternatives


1. Comment: I strongly encourage a shift on how we are approaching this move to the 
elimination of tail pipe emissions. California’s don’t need more mandates and 
regulation; we need encouragement and incentive. To truly solve this problem, it 
needs to be the choice of the consumer to purchase in a manner that will achieve the 
goal of this proposed regulation. The two biggest factors in this decision are financial 
and uncertainty. When choices/competition is eliminated, price goes up. [OP-16]


Comment: Commenter respectfully request that you do not approve the ACC II and 
instead continue to allow for a market-driven response to meet California’s air quality 
standards. [15-5].


Agency Response: To protect public health in California given the significant 
challenges of climate change and ground level ozone, it is necessary to put strong ZEV 
requirements in place in California to achieve the maximum emission reductions 
possible with both GHG and criteria emissions. (See CARB ISOR, § II.A., pp. 3-9.) The 
U.S. Environmental Protection Agency (EPA) has also approved CARB’s existing LEV 
and ZEV regulations into California’s State Implementation Plan under the Clean Air 
Act, agreeing that those regulations are necessary and appropriate to meet the 
national ambient air quality standards (NAAQS), including the 75 parts per billion 
ozone standard. Because California is also now planning to meet the more stringent 
70 parts per billion ozone standard, more stringent LEV and ZEV standards are
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necessary and appropriate for securing needed emission reductions. Further, strong 
ZEV requirements provide more clarity for numerous stakeholders on which vehicle 
technologies are likely to enter the market. Fueling infrastructure, grid and hydrogen 
supply expansions, and vehicle supply chain (component manufacturing) changes all 
rely on long-term investments. The clarity from strong ZEV requirements helps inform 
decisions to invest in and develop clean energy technology, which are important to 
support given the required pace of change necessary to protect public health.


Staff do not believe vehicle market choices and competition will decline. In fact, the 
number of ZEV models offered to consumers is growing rapidly and all major 
automakers are aggressively investing in the technology. Further, staff project that 
BEV prices will fall below conventional vehicles soon after 2030, making the consumer 
choice to buy the vehicle that much easier. In addition to the ACC II ZEV 
requirements, California and the federal government have put in place strong financial 
incentives for both vehicles and ZEV fueling infrastructure to mitigate the costs of the 
requirements. See the discussion above in the response to comment A-20. 


2. Comment: We… request that CARB consider a 2030 alternative to the proposed ACC 
II rule package, and undertake an additional rulemaking to develop a strategy based 
on the authority contained in CAA sections 108(f) and 209(d) to gradually limit the 
operation of ICEVs until they would be prohibited from operating during ozone season 
in these extreme nonattainment areas after 2035.


The ACC II rule must be adequate to achieve the NOx reductions needed for an ozone 
[State Implementation Plan] SIP control strategy that will provide for attainment of the 
NAAQS in California’s “extreme” ozone nonattainment areas by the CAA’s 2037 
deadline. The currently proposed ACC II is not adequate to provide for attainment.


An accelerated ACC strategy that will require all new LD vehicles to be zero emission 
beginning in 2030, when combined with a TCM strategy designed to gradually phase 
out the operation of ICEVs during ozone season, can provide for attainment in South 
Coast by 2037 if paired with a similar program for HD vehicles and EPA expected 
standards for ships, locomotives and aircraft engines. 


Accordingly, ECA requests that CARB – 1) revise the proposed ACC II rule to advance 
the full compliance deadline from 2035 to 2030, and 2) open a new rulemaking to 
adopt a TCM for the ozone SIP that gradually expands the zone where ICEVs are not 
allowed to operate during ozone season, beginning with the port drayage rule now 
under development, adding a rule barring ICEV access to commercial airports 
beginning in 2026, expanding the zone to exclude ICEVs from major commercial 
centers by 2030, and ultimately barring the operation of ICEVs within extreme ozone 
nonattainment areas after 2035. [B1-13, T2-52]


Agency Response: Implementing a control measure on existing vehicles on the road is 
outside the scope of the ACC II rulemaking. The ACC II staff proposal for increased 
stringency on both new conventional vehicle criteria emission requirements and the 
ZEV regulation provide substantial NOx reductions that will contribute to ozone 
reductions in the nonattainment areas, resulting in a projected 25% reduction of NOx 
emissions from the light duty fleet in 2037.  The CARB SIP development process, not
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the ACC II rulemaking, helps prioritize what measures are necessary for attainment of 
federal ozone requirements.


As part of the ACC II rulemaking, staff did evaluate alternatives to the ZEV regulation 
proposed stringency.  The SRIA analysis evaluated a scenario for achieving 100% ZEV 
and PHEV sales by 2032 instead of 2035, but was rejected given it was determined to 
be not feasible.  Refer to the staff ISOR Appendix C-1, which includes the original 
SRIA report, for details as well as the response to comment A-3 in FSOR Appendix C.


3. Comment: ARB should redesign or add a compliance option to ACC II to leave space 
for future low-carbon fuels and combustion technology and avoid technology 
mandates.  This could take the form of a carbon performance standard that includes 
the full life cycle carbon emissions of both the consumed energy (fuel) and vehicle. 
Proposed Section 1962.4(e ) should be eliminated and replaced with a performance 
standard, or at a minimum, amended with an additional option where LDV 
manufacturers can satisfy part or all of their annual ZEV sales requirement with 
combustion vehicles using liquid (or gaseous) fuel with low carbon intensity. [OP-97] 


Comment: We urge CARB not to constrain its vision of a zero-emissions veh -- zero-
emissions future, but instead focus on setting targets and allowing more low and zero 
carbon options that are added to EVs to maximize emission reductions in the 
immediate and longer term, while improving equity in transportation choices. [T1-59]


Comment: Commenter states it is important that CARB staff get this right and that 
needs to include low-NOx, carbon-negative biofuels as part of California's vehicular 
future. Allowing biofuels reduces the pressure on infrastructure buildup and 
encourages both consumers to adopt near-zero technologies of their choice as well as 
allows flexibility of 177 states that may not have the same infrastructure resources as 
California does. [T2-54]. 


Comment: CARB must include lower-carbon alternative fuel and engine technologies. 
[OP-161-9016 incorporated by reference into comment OP-97]


Agency Response: These comments request CARB consider standards that rely on 
continued use of biofuels. The Draft Environmental Analysis considered a Low-Carbon 
Fuel Technology in lieu of ZEV Requirements Alternative (Low-Carbon Fuel 
Alternative), as described on pages 182 through 183, but ultimately rejected this 
alternative because it would fail to meet most of the basic project objectives, did not 
avoid a significant environmental impact, and was deemed infeasible. Refer to Master 
Response 3 on page 16 of the Response to Comments on the Draft Environmental 
Analysis.


Staff acknowledge the GHG reduction benefit of liquid biofuels used with 
conventional vehicles assuming the biofuel production pathway has a low carbon


16 CARB notes this statement is a citation to comments provided on draft regulatory text before the ACC II 
regulations were proposed. The commenter does not explain how this citation is a comment on the regulations 
as proposed or the process by which they were adopted. They are outside the scope of this rulemaking.
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intensity. However, light-duty BEVs and FCEVs, when using grid electricity in California 
or renewably generated fuel, provide larger GHG reductions,17 and liquid fuel 
strategies would not reduce vehicle NOx or air toxic emissions, as needed to meet the 
national ambient air quality standards, and therefore fail to meet a number of the 
basic project objectives identified in the ISOR, § II, p. 3, et seq. Indeed, a low-carbon 
fuels pathway does not secure the maximum feasible GHG and criteria emissions 
reductions from light-duty vehicles. Additionally, there are large supply restrictions in 
scaling up biofuel production, given limits to low-carbon biomass availability and 
commercialized low-carbon fuel production, at the scale needed for the California 
market if the ACC II regulations were not adopted. Given these limitations, biofuel 
supplies should be focused on other mobile sectors that are harder to reduce 
emissions to zero in order for California to achieve carbon neutrality by 2045. 


Moreover, a regulation for emission standards that relied on compliance from flex 
fuels or biofuels would require verification that drivers are using biofuels as compared 
to gasoline. This would need a complex data collection process between vehicle 
owners and the automakers, followed by reporting to CARB, and measures to remedy 
the effects of actions by vehicle owners that elected not to use biofuels. Automakers 
would not likely have sufficient assurance drivers would choose biofuels at the pump in 
order to plan for their annual compliance with the vehicle regulations, creating risks of 
large unplanned credit deficits or non-compliance. Additionally, developing this type 
of regulation would implicate the California LEV GHG regulation, changes to which are 
beyond the scope of the ACC II rulemaking. 


CARB also did consider lifecycle emissions as part of its analysis. See Master Response 
4 on page 18 of the Response to Comments on the Draft Environmental Analysis.


Lastly, CARB notes that the regulations allow continued sale of new conventional 
gasoline vehicles through model year 2034 and allow sale of PHEVs after at portions 
that maximize emission reductions from increasing percentages of ZEVs. The 
regulations also include incentives to increase equitable access to ZEVs in 
disproportionately impacted and low-income communities (see response to comment 
A-32 above). And, as CARB does not set regulations in other states, its analysis did not 
include an infrastructure assessment outside of California.  


4. Comment: Commenter opposes the proposal and recommends it be inclusive of 
vehicles using clean fossil fuels and not only ZEVs [OP-75, OP-174].


Agency Response: ACC II is agnostic as to how a vehicle meets the applicable 
requirements for ZEVs. The ACC II regulations include provisions for vehicles using 
liquid fuels (the LEV regulations). See preceding response (B-3).


17 Regarding emissions from electricity production to power ZEVs, CARB considered these, including the 
requirements to reduce carbon emissions from this sector. See Master Response 4 of the Response to 
Comments on the Draft Environmental Analysis, pp. 20-21; Senate Bill 1020 (Stats. 2022, ch. 361), Clean Energy, 
Jobs, and Affordability Act of 2022 [eligible renewable energy resources and zero-carbon resources supply 90% 
of all retail sales of electricity to California end-use customers by December 31, 2035].
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5. Comment: Commenter opposes the proposal and asks the board to adopt a holistic 
vehicle/fuel emissions performance standard in line with CARB’s historic practice [OP-
97].  


Agency Response: The ACC II regulations are almost entirely, and in their essential 
terms, technology-neutral performance standards. They establish emission standards 
and related requirements to ensure new vehicles reliably and consistently meet those 
standards in a verifiable manner, which manufacturers certify they meet, as well as 
requirements to ensure that shortcomings may be remedied. Though these 
requirements are tailored to the known technologies that are currently employed and 
impose requirements to ensure emissions are reduced as intended when those known 
technologies are applied, and CARB considered those technologies to ensure they 
were feasible in the time provided, the regulations do not preclude the use of new 
technologies to meet the performance-based emission standards. The ACC II 
regulations allow vehicle manufacturers to use any means of meeting those standards 
so long as the related requirements are met. The ACC II regulations do not give an 
advantage to any particular technologies. Manufacturers determine the means to 
comply and presumably do so with the most cost-effective means available.


To the extent the ACC II regulations or any aspects of them are prescriptive, CARB has 
met the requirements for adopting such standards. Their application is limited to 
specific classes of vehicles and their inherent attributes, which is necessary to 
accurately confirm compliance with the requirements to ensure that motor vehicle 
emissions are permanently reduced. (Reso. 22-12, p. 17.) It is also necessary in 
instances to ensure user safety, such as the requirements for electrical connections. 
These requirements are required given the necessity to put strong ZEV requirements 
in place in California to achieve the maximum emission reductions possible of both 
GHG and criteria emissions. See response to comment B-1. 


CARB is separately reducing emissions from fuel production as acknowledged 
elsewhere in the comment.18 Commenter does not explain how their envisioned 
“vehicle/fuel emissions performance standard” would differ from CARB’s current 
regulatory approach and practices, nor how CARB’s approach in ACC II differs from its 
“historic practices.” Indeed, ACC II is a continuation and expansion of ACC, which 
itself grew from previous LEV, GHG, and ZEV emissions performance standards, none


18 For instance, CARB’s Low Carbon Fuel Standard (LCFS) decreases the carbon intensity of California’s 
transportation fuel pool and provides an increasing range of low-carbon and renewable alternatives. The 
standards are expressed in terms of the carbon intensity of gasoline and diesel fuel (and their respective 
substitutes), and includes a lifecycle GHG assessment of each fuel including direct emissions from production, 
transportation, and use as well as other effects on GHG emissions like from changes in land use for biofuels. The 
program establishes declining annual carbon intensity benchmarks, with fuels below the benchmark generating 
credits and fuels above the benchmark generating deficits; a deficient generator must meet the compliance 
obligation by otherwise generating or acquiring credits to at least offset its deficit. See Cal. Code Regs., tit. 17, 
§§ 95480-95503. 
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of those included fuel standards. In CARB’s view, the ACC II Regulation is very much in 
line with CARB’s regulatory practices. 


6. Comment: WSPA contracted with Ramboll to produce the type of technology neutral 
study of LDVs that analyzes the full life cycle GHG emissions of each technology/fuel 
(“Ramboll LDA Study”) for the statewide light duty automobile fleet. This study 
(included in Attachment D) conclusively shows that performance standards could be an 
alternative to a ZEV mandate.


The Ramboll LDA Study shows that a gradual transition to low-CI gasoline 
(represented by the purple line in Figure B-1) with current vehicle technologies could 
achieve similar life cycle GHG emissions as the current ACC II proposal (represented 
by the pink shaded region in Figure B1). The reason for this is that GHG emissions 
associated with zero emission vehicles are not zero. The GHG emissions for the 
“vehicle cycle” for BEVs is significantly higher than other vehicle technology types (see 
Comment B.3 for additional details). 


CARB must consider alternatives such as low-CI fuels because there is not a one-size-
fits-all solution to reducing transportation sector GHG emissions, and it allows for 
more flexibility in the transition towards lowering transportation GHG emissions in the 
short and long-term. Other technologies also realize similar or lower emissions on a 
life cycle basis compared to the ACC II proposal. These include hybrid electric vehicles 
(HEVs) coupled with low-CI fuel (represented by blue solid line in Figure B-1), plug-in 
electric hybrid vehicles (PHEVs) coupled with low-CI fuels (represented by the blue 
dotted line in Figure B-1), and a combination of HEVs, PHEVs, and BEVs with low-CI 
fuels (represented by the green solid and dotted lines). These alternative pathways 
would also not require the wholesale transformation of electric energy production and 
distribution infrastructure on an unprecedented short time scale, but they would allow 
battery, hydrogen, and low-carbon intensity gaseous and liquid fueled vehicles to 
compete to achieve the State’s GHG targets for light-duty transportation in the 
quickest and most cost-effective manner. [OP-161-69 incorporated by reference into 
comment OP-97] 


Comment: CARB could craft a regulation based on a GHG-reducing performance 
standard such as the LCFS instead of a ZEV sales mandate, which would be more 
consistent with traditional regulations that rely upon innovation within existing 
marketplaces. The Ramboll LDA Study shows that such an approach could dramatically 
reduce GHG emissions without the systemic cost and delay risks associated with the 
current ZEV-centric strategy that include, but are not limited to, electric 
generation/infrastructure development, zero emission technology readiness/feasibility, 
and cost. [OP-161-70, incorporated by reference into comment OP-97]


Comment: CARB must evaluate lower-CI vehicle/fuel systems, similar to the evaluation 
for the BEV/electrical grid system. Such an evaluation would show that there are 
additional cost effective options, which build on the Low Carbon Fuel Standard (LCFS) 
and other successful programs, for reducing GHG emissions. [OP-161-80, incorporated 
by reference into comment OP-97] 
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Comment: While increased electric vehicle adoption will be part of the energy mix to 
achieve California’s GHG goals, it is impossible for this strategy alone to solve the 
issue of transportation emissions, especially in the short-term. Electric vehicles are 
simply too expensive for the majority of American families, and significant portions of 
California’s population will rely on vehicles utilizing gasoline and diesel fuel for 
decades to come. A recent report by the Rhodium Group projects that, nationwide, 
where more than half of light-duty sales are electric by 2030 and nearly 90% are 
electric by 2035, 34% of transportation sector GHG emissions will still remain in 2050. 
The report concludes that ‘low-GHG liquid fuels are needed to fill the remaining gap 
and achieve net-zero emissions in the transportation sector by mid-century.’ 


Low-carbon fuels like renewable diesel, ethanol and renewable gasoline are 
compatible with existing vehicle infrastructure. Such fuels are a commonsense solution 
to immediately reduce transportation GHG emissions without waiting for the time and 
expenses it will take to build out EV infrastructure. Additionally, unlike with electric 
vehicles, vehicle owners that use drop-in fuels such as renewable diesel or low carbon 
intensity gasoline do not have to face the high up-front cost to replace their current 
vehicles or the costs associated with locating and installing electric vehicle charging 
infrastructure.  [OP-161-11, incorporated by reference into comment OP-97]


Comment: CARB has not considered any alternatives that minimize the number of 
stranded liquid fuel infrastructure assets or addressed the economic impact of these 
stranded assets that will result by the adoption of the ACC II proposal. If this 
regulation were to consider a technology-neutral approach, there could be potential 
for existing liquid fuels infrastructure to be converted from carrying fossil fuels to 
renewable fuels. This has already been demonstrated by the conversion of some 
refineries to renewable fuel facilities. There are over 14 refineries currently located in 
California and the total input capacity is more than 1.7 million barrels per day. The 
liquid fuel network in California is already extensive and fully built out to scale. Hence 
using this existing network for the production and distribution of renewable fuels 
presents a lower risk scenario compared to an unprecedented rate of electrical grid 
infrastructure development on which the implementation of the current ACC II 
proposal would require. [OP-141-26]


Agency Response: See response to comment B-3 above regarding CARB’s 
consideration and rejection of a low-carbon fuels alternative. CARB also considered 
lifecycle emissions. Despite higher emissions from vehicle manufacturing, BEVs on 
average have much lower lifecycle GHG emissions than comparable gasoline vehicles, 
as manufacturing emissions are quickly offset by reduced emissions from operation; 
the same is true of FCEVs using renewably generated fuel (e.g., solar-generated 
hydrogen). For additional information on how staff considered lifecycle emissions, 
refer to Master Response 4 on page 18 of the Response to Comments on the Draft 
Environmental Analysis. And see the previous response (to comment B-5) regarding 
ACC II’s technology neutrality. 


Additionally, staff believe several input assumptions for the Ramboll study are overly 
conservative relative to battery manufacturing emissions. The Ramboll study assumes 
BEV owners will need to replace their battery pack once in the lifetime of the vehicle, 
specifically at age 9 of the vehicle immediately following the required warranty period
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of the vehicle. Even if some batteries or portions of battery packs prematurely fail, the 
majority of BEVs are not expected to require a full battery replacement within their 
designed lifespans. The warranty and durability requirements in the ACC II regulations 
are designed to minimize the occurrence of premature failure and remedy them if they 
occur. Further, the Ramboll study assumed that none of the batteries are recycled, 
which implies batteries manufactured for BEVs and PHEVs have no recycled material 
content. As noted in the Response to Comments on the Draft Environmental Analysis, 
staff observe a growing number of companies establishing lithium-ion battery 
recycling operations in North America and elsewhere. Although the pace of growth for 
the recycling industry will lag behind new material manufacturing, it does represent a 
proportion of materials used in battery manufacturing, and likely will grow over time. 
And the ACC II battery labeling requirement will support these recycling efforts, as 
discussed in Chapter III.D.5 of the ISOR and ISOR Appendix F-8, Purpose and 
Rationale, § 1962.6. Battery Labelling Requirements. 


Both of these input assumptions in the Ramboll study influence the outcome of its 
model related to “vehicle cycle” emissions (Figure 3-5 in Attachment D of the WSPA 
comment letter). Those results show that the emissions associated with battery 
materials is approximately 40% of the “vehicle cycle” emission factor for BEVs, which 
is a large reason the emissions are purportedly higher than for conventional vehicles. 
Additionally, the Ramboll study inaccurately used much lower and static vehicle 
efficiencies for BEVs compared to those developed for the ZEV Cost Workbook (as 
described in Section IV.A. of ISOR Appendix G), which reflect reasonable 
improvements over time to better estimate BEVs in the 2026 model year and beyond. 
CARB staff’s BEV efficiency values are unique for each vehicle classification and can 
vary by year based on technology improvement projections. Energy efficiency of BEVs 
is increasing and several vehicle models that have been in the market for more than 
one or two model years have seen year-over-year energy efficiency increases since 
they were first introduced (see CARB, ISOR, App. G, ACC II ZEV Technology 
Assessment, § III.D., Energy Efficiency Improvements). The fixed BEV lower vehicle 
efficiency assumption in the Ramboll study increases the electricity demand and 
associated emissions from these vehicles.


Regarding fuels, although current E85 fuel prices may provide savings to drivers 
compared to gasoline, it is not necessarily a larger savings compared to what BEV 
drivers experience; a full total cost of ownership (TCO) analysis would be needed 
comparing BEVs to flex-fueled conventional vehicles. The TCO analysis staff 
conducted, as described in Section VI.E of the ISOR, shows that BEV owners will save 
$3,216 over ten years in the most conservative case evaluated (a 2026MY BEV with 
higher electricity prices assuming no access to a home charger) compared to a 
conventional vehicle using gasoline, and will realize savings within the first year of 
ownership. Ten-year savings are much larger, at $8,835, with the lower cost 2035MY 
BEV coupled with access to a home charger. These savings will offset the costs of 
installing chargers if desired. (See Form 399 Attachment, Proposed Amendments to 
the Low-Emission, Zero-Emission, and Associated Vehicle Regulations. p. 31.) The ACC 
II regulation does not require vehicles to be replaced. 
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CARB is coordinating with the U.S. EPA as it considers potential federal GHG 
performance-based emission standards. CARB did not propose increased stringency 
to the California GHG vehicle standards, and any changes to the LCFS are outside the 
scope of vehicle regulation rulemakings. As the commenter acknowledges, the GHG 
emissions from fuel production are addressed through LCFS. Two fundamental 
objectives of this rulemaking were to achieve the maximum GHG and criteria emission 
reductions possible from passenger vehicles, considering, among other things, cost 
and feasibility. As the record demonstrates, the adopted LEV and ZEV requirements 
achieve those goals; a low-GHG fuel standard would not produce the needed 
reductions in criteria pollutants or air toxics. 


Further, strong ZEV requirements provide more clarity for numerous stakeholders on 
which vehicle technologies are likely to enter the market. Fueling infrastructure, grid 
and hydrogen supply expansions, and vehicle supply chain (component manufacturing) 
changes all rely on long-term investments. The clarity from strong ZEV requirements 
helps inform decisions to invest in and develop clean energy technology, which are 
important to support given the required pace of change necessary to protect public 
health. 


7. Comment: Evaluate multiple vehicle/fuel technology scenarios instead of focusing on 
an electric vehicle (EV) centric approach to reducing NOx and Greenhouse Gas (GHG) 
emissions from light-duty and medium-duty vehicles (LD/MDVs) [OP-161-84, 
incorporated by reference into comment OP-97]


Agency Response: Refer to the response to comment B-3 above. CARB also disagrees 
with commenter’s characterization of ACC II as “an electric vehicle (EV) centric 
approach”; ACC II is technology neutral. Though these requirements are tailored to 
the known technologies that are currently employed, they do not necessarily preclude 
the use of new technologies to meet the performance-based emission standards. 


Additionally, the LEV provisions of ACC II focus on NOx emission reductions from 
conventional vehicles with the use of performance standards and vehicle test 
requirements.


8. Comment: CARB should justify that a bifurcated criteria air pollutant emission standard 
for ZEVs and non-ZEVs will be a cost-effective pathway to achieve emission reductions. 
[OP-161-85, incorporated by reference into comment OP-97]


Agency Response: Staff considered the commenter’s concern regarding the cost-
effectiveness of bifurcating emission standards for non-ZEVs and ZEVs, which pertains 
to the proposed removal of ZEVs from the new LEV IV criteria emission standards.  
Staff concluded that the removal of ZEVs from LEV IV criteria emission standards is 
cost-effective because the cost impact is zero relative to existing LEV III regulations. 


First, the non-methane organic gas (NMOG)+NOx fleet average is the only 
requirement where ZEVs are included in the current LEV III regulations for criteria 
emissions.  For LEV IV, ZEVs are being removed from the NMOG+NOx fleet average 
and non-ZEVs will have to meet the NMOG+NOx fleet average requirements on their 
own.  The ACC II rulemaking did not make any changes to the GHG fleet average 
requirements, where ZEVs can continue to be utilized for compliance.  







49


Second, the new LEV IV rules did not change the stringency of the NMOG+NOx fleet 
average requirement compared to existing LEV III rules. The LEV IV NMOG+NOx fleet 
average is 0.030 g/mile in 2026 and beyond, which is exactly the same value as the 
existing LEV III NMOG+NOx fleet average in 2025.  Third, the prior LEV III rulemaking 
already included the costs of converting all combustion vehicles in the light-duty fleet 
from LEV and ULEV emission levels down to SULEV30 emission levels by 2025.  


Therefore, the fleet average requirements in the new LEV IV regulations, which 
remove ZEVs from the NMOG+NOx fleet average and require non-ZEVs to comply on 
their own, are considered cost-effective because they do not bear any additional cost 
beyond the costs already considered in the previous LEV III rulemaking.


9. Comment: Commenter states “CARB must consider life cycle emissions from Zero 
Emission Vehicles in evaluating the ACC II program. Along with impacts to the state’s 
economy from proposed regulations, CARB is required to consider any less costly but 
equally effective alternatives. The ISOR and associated rulemaking document do not 
satisfy this obligation because nowhere does CARB compare the life cycle emissions 
analysis of ZEVs and highly efficient low emission vehicles, which impose significantly 
fewer infrastructure expenses while achieving equivalent or greater GHG emissions 
reductions on a faster timeline. 


As noted by the National Bureau of Economic Research, ‘…despite being treated by 
regulators as ‘zero emission vehicles’, electric vehicles are not necessarily emissions 
free.’ Battery production, transport, and disposal or recycling present emissions and 
waste impacts as well as national security concerns. Furthermore, as the Ramboll LDA 
Study observes, ‘it is likely that the vast majority of batteries produced in the future 
would require virgin material given the significant increase in demand under a mass 
vehicle electrification scenario.’


Low-carbon fuels like renewable diesel, ethanol and renewable gasoline should be 
evaluated as an alternative because they are compatible with existing vehicle 
infrastructure, from light- to heavy-duty long-haul vehicles right now. By contrast, 
electric vehicles require transformation of energy production and distribution 
infrastructure—which will take significant time even in the most optimistic scenarios.  
This makes low-carbon fuels a commonsense solution to reduce transportation GHG 
emissions near-term, allowing battery, hydrogen, and low-carbon intensity gaseous 
and liquid fueled vehicles to compete to achieve the State’s GHG targets in the 
quickest and most cost-effective manner. For example, a scenario that phases in low-
carbon intensity gasoline as a drop-in fuel for ICEVs over a two-decade period could 
reduce GHG emissions the same or more than the proposed ZEV-only mandate, when 
viewed on a life cycle basis. Other scenarios involving hybrid electric vehicles and 
PHEVs could be equally effective in providing GHG reductions when coupled with a 
phase in of low-carbon intensity gasoline.  


Additionally, unlike with electric vehicles, vehicle owners that use drop-in fuels such as 
renewable diesel achieve emission reductions but do not have to face the high up-
front cost to replace their current vehicles or the costs associated with locating and 
installing electric vehicle charging infrastructure.  
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Accounting for life cycle emissions and short-term emissions reductions is necessary 
for CARB to fulfill its legal duty to conduct a reasonable assessment of the 
effectiveness of alternatives and the significant impacts to the state’s economy of all 
scenarios. From this perspective, including highly efficient low emission vehicles in the 
ACC II program is both less costly and equally effective in meeting CARB’s regulatory 
goals, and CARB’s failure to consider this alternative violates [California Health & 
Safety Code] HSC § 57005.” [OP-161-2, incorporated by reference into comment OP-
97]


Comment: In taking its cue for this rule from the Governor’s directive to transition to 
electric vehicles, and by inaccurately deeming vehicles other than ICEV to be “Zero 
Emission Vehicles,” CARB fails to meet its duty to fairly and accurately consider 
benefits of the regulation and less costly but equally effective alternatives. CARB’s 
analysis arbitrarily overlooks the lifecycle impacts associated with electric vehicles, 
including the significant emissions, social, and national security impacts associated 
with battery production. 


Moreover, CARB also fails to consider whether emissions reductions from fuels used 
for ICE vehicles may be achieved in a shorter time frame and at a lower cost than 
would be required to force electrification of the light-duty fleet. Significantly, the life 
cycle GHG emissions associated with light- and heavy-duty vehicles [HDV] that run on 
renewable diesel can be lower than the life cycle GHG emissions emitted by EVs. 
GREET analysis conducted by Southwest Research Institute35 has indicated that GHG 
emissions from a light-duty vehicle that runs on renewable diesel with a carbon 
intensity of 25 g/Mj resulted in 25% lower life cycle GHG emissions when compared to 
an EV, as illustrated below and set forth in detail in Attachment A to these comments.


[Image omitted]  


Additionally, there are emerging innovative approaches and new technologies to 
enable new modes of carbon reduction from fuels used in ICEV, such as carbon 
sequestration and on-board CO2 capture. It is unreasonable for CARB to foreclose any 
opportunity for such technologies to provide an alternative to the mandates proposed 
in the ACC II rule.


In order for CARB to conduct a reasonable assessment of significant economic impacts 
and to consider less costly and equally effective alternatives, as required by the Health 
and Safety Code, CARB cannot arbitrarily overlook lifecycle emissions impacts from 
ZEV while also overlooking opportunities for emission reductions involving ICEV fuels. 
CARB needs to fairly present the true carbon footprint and costs associated with 
electrification. CARB also should provide for highly efficient low emission vehicles and 
account for low-carbon fuels in the ACC II program. To do so would be cost-effective 
and equally, if not more, effective in meeting CARB’s regulatory goals. [OP-141-6]


Agency Response: Contrary to commenters’ assertions, CARB did consider lifecycle 
emissions (see Master Response 4 in the Response to Comments on the Draft 
Environmental Analysis) and did evaluate low-carbon fuels as an alternative but 
rejected it (see the response to comment B-3 above). CARB also notes that ACC II
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does not compel vehicle owners to replace their current vehicles and so does not 
impose such an up-front cost as commenter asserts. 


Commenter is also incorrect regarding what constitutes a ZEV and how manufacturers 
may meet the ZEV requirements. CARB did not deem all vehicles other than 
conventional vehicles to be ZEVs; rather, CARB defined the standard for a ZEV, for 
purposes of ACC II, to be “passenger cars and light-duty trucks that produce zero 
exhaust emissions of any criteria pollutant (or precursor pollutant) or greenhouse gas, 
excluding emissions from air conditioning systems, under any possible operational 
modes or conditions.” (Title 13, California Code of Regulations (CCR), § 1962.4(b).) 
Certain medium-duty vehicles may also qualify.) And because ACC II is technology 
neutral and agnostic as to how manufacturers meet the ZEV requirements (see the 
response to comment B-5 above), CARB has not necessarily foreclosed new zero-
emission technologies, contrary to commenter’s assertion. 


10. Comment: Commenter states that the State can achieve its goals without the motor 
vehicle emission standards proposed in the regulation by instead reducing VMT by 
25% from a 2014 baseline by 2030 and 50% by 2040, implementing “a renewable fuel 
standard for liquid motor vehicle fuels of 25% content closed loop renewable fuels by 
2030 and 50% content closed loop renewable fuels by 2040,” and reducing shipping 
activity at the Ports of LA and Long Beach by 75% from a 2019 baseline by 2030 [OP-
66]. 


Agency Response: CARB disagrees. CARB did consider a low-carbon fuels alternative 
but rejected it because in part it would not achieve the needed NOx emission 
reductions and was deemed infeasible due to supply constraints. See Master Response 
3 in Responses to Comments on the Draft Environmental Analysis. CARB did not 
propose measures to control VMT or shipping activity, and so such comments are 
beyond the scope of this rulemaking. In any event, such measures would not achieve 
the goals of the ACC II regulations, namely achieving maximum emissions reductions 
from light-duty passenger vehicles. 


11. Comment: It is CARB's responsibility to provide analyses on alternatives to the draft 
regulatory proposal that include emissions and cost benefits analyses, whether or not 
stakeholders provide analyzed alternatives. [OP-161-82, incorporated by reference 
into comment OP-97] 


Agency Response: This is commenter's summary of previous, pre-rulemaking 
comments. CARB has met its statutory responsibilities regarding alternatives analysis 
during this rulemaking. See Chapter XI of the ISOR, Chapter 6 of the SRIA (Appendix 
C-1 to the ISOR), and Chapter 7 of the Final Environmental Analysis. 


12. Comment: Alternatives to the proposed regulation were submitted to CARB
in a timely manner. Those alternatives, if implemented, would achieve reductions
in atmospheric "pollutants"  far greater than the reductions achievable by the 
proposed regulation. If the proposed alternatives were implemented in lieu of the
proposed ACC II regulation, the reduction in atmospheric "pollutants" would be so 
great that the entire California EPA motor vehicle emission waiver system would no 
longer be required. CARB staff is required by CEQA to analyze all environmentally
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superior alternatives submitted for the proposed ACC II regulation, and CARB staff is 
required to compare the environmental benefits of the proposed alternatives to the 
environmental benefits of the proposed regulation. It would be unlawful for EPA to 
grant a waiver to California for the ACC II regulation if the state failed to analyze
environmentally superior alternatives to the proposed regulation, or the state 
prepared a misleading/fraudulent analysis. [B2-3]


Agency Response: CARB has both the authority and the obligation to promulgate 
vehicle emission standards to reduce harmful air pollution in order to meet State and 
federal mandates and to protect public health and the environment. As explained in 
the Master Response 3 in the Response to Comments on the Draft Environmental 
Analysis, CARB analyzed but rejected several alternative vehicle emission standards, as 
required by California Environmental Quality Act (CEQA) and declined to consider in 
detail other alternatives for a variety of reasons. As to the commenter’s claim that 
CARB’s analysis is insufficient to support a Clean Air Act preemption waiver from U.S. 
EPA, CARB disagrees. Neither the text nor the intent of the waiver provision requires 
CARB to consider particular alternatives, let alone alternatives that are not vehicle 
emission standards, in order to obtain a waiver. Instead, as U.S. EPA and the courts 
have stated, the waiver provision affords California substantial discretion to design a 
vehicle emission program that suits the State’s needs. Finally, there is nothing 
fraudulent or misleading about analyzing the proposed standards, along with a set of 
specific alternative vehicle emission standards, and that is what CARB did here. 


Technology Neutrality


13. Comment:  Commenter states that ACC II is not allowing other technologies such as 
ICE hydrogen vehicles fitted with NOx controls. [T1-56]


Comment: During the ACC II workshops, CARB staff repeatedly stated that a number 
of years ago, CARB did some preliminary research on hydrogen (H2) internal 
combustion engine (ICE) and that there wasn’t a lot of public interest.  Just because 
there wasn’t a lot of interest then doesn’t man that interest in the technology couldn’t 
be revised sometime in the future.  CARB’s responsibilities should be to regulate 
criteria pollutants and greenhouse gasses, not dictate to the industry how to achieve 
those requirements. …CARB should dictate emission levels and allow the industry the 
freedom to meet those standards however the free-market dictates…CARB’s 
proposed regulations are not technology-neutral if they inhibit or give an advantage 
over others irregardless of how few or many emissions are created. [OP-117]


Agency Response: Hydrogen fueled combustion engine vehicles would not reduce 
NOx emissions nor GHG emissions at the pace required to meet emission reduction 
targets. Refer to the response to comment B-3 above. Hydrogen fueled ICE vehicle 
technology, even when coupled with on-board NOx emission controls, would not 
reduce NOx emissions at the same scale as ZEVs and therefore fail to meet a number 
of the basic project objectives.  Staff acknowledge the GHG reduction benefit of 
hydrogen fuel used with combustion engines. However, light-duty BEVs and FCEVs, 
when using grid electricity in California or renewably generated fuel, provide larger
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GHG reductions.  Refer to Master Response 4 on page 18 of the Response to 
Comments on the Draft Environmental Analysis.


14. Comment: CARB has not fully or adequately evaluated or analyzed a technology 
neutral performance-based standard that would allow low-carbon fuel and engine 
technologies to compete with ZEVs in their alternative analyses presented in the 
Environmental Assessment (EA) and the Standardized Regulatory Impact Assessment 
(SRIA) for the proposed ACC II. See Comment A.6 in Attachment A and Comments 
B.1 and B.2 in Attachment B for further details. [OP-161-41, incorporated by reference 
into comment OP-97]


Comment: CARB must set a technology neutral performance-based standard…This 
performance standard must consider the life cycle emissions of vehicles and fuels to 
ensure that sufficient greenhouse gas (GHG) emissions reductions are achieved by this 
sector. [OP-161-37, incorporated by reference into comment OP-97]


Comment: To provide some of this analysis, WSPA contracted with Ramboll to 
produce a technology neutral study of Light Duty Automobiles (LDA) to analyze the 
full life cycle GHG emissions of a broad range of alternative technologies and fuels 
(“Ramboll LDA Study”). This study attached as Attachment C conclusively shows that 
performance standards could be an alternative to a ZEV mandate (See Comment B.2 
in Attachment B for further details). 


The Ramboll LDA Study shows that a gradual transition to low carbon intensity (CI) 
gasoline with current vehicle technologies (represented by the purple line in Figure 1) 
could achieve similar life cycle GHG emissions as the current ACC II proposal 
(represented by the pink shaded region in Figure 1). Importantly, GHG emissions 
associated with zero emission vehicles are not zero. In fact, the GHG emissions from 
producing battery electric vehicles (BEVs) (the “vehicle cycle”) is significantly higher 
than other vehicle technology types (see Comment 3 for additional details). The failure 
to analyze these real world GHG emissions is significant and distorts the claimed 
benefits attributed to these vehicles. 


Other technologies also achieve similar or lower emissions on a life cycle basis 
compared to the ACC II proposal. These include hybrid electric vehicles (HEVs) 
coupled with low-CI fuel (represented by the blue solid line), plug-in electric hybrid 
vehicles (PHEVs) coupled with low-CI fuels (represented by the blue dotted line), and a 
combination of HEVs, PHEVs, and BEVs with low-CI fuels (represented by the green 
dotted line). [OP-161-37, incorporated by reference into comment OP-97]


Comment: It [CARB] also failed to analyze the full life cycle impacts of ZEVs, which 
precludes a true technology neutral comparison and overestimated ACC II GHG 
reductions….” [OP-161-68, incorporated by reference into comment OP-97] 


Comment: CARB’s cursory conclusion that ACC II “would still be preferred over other 
performance-based alternatives” overlooks important near-term emissions reductions 
achievable through low carbon fuels and other technologies. CARB asserts that “[l]ess 
prescriptive measures would allow, by omission, additional flexibilities on technology, 
valuation, fleet mixing, and assurance measures that would likely not achieve the same 
magnitude of emissions reductions or support for the ZEV market.” However, CARB
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has not adequately analyzed the achievable emissions reductions stemming from such 
performance standards. [OP-161-60, incorporated by reference into comment OP-97] 


Comment: The Ramboll study, attached to our letter demonstrates that performance-
based standards transitioning to lower emission liquid fuels could achieve similar life 
cycle emissions reductions at a faster rate without rebuilding the entire transportation 
system.  We are concerned with California becoming over reliant on just one system, 
electricity, as the grid is expected to struggle through another summer. The proposal 
falls short of performing the analysis necessary. [T1-10, pp. 108:8-17.]


Comment: Commenter states the proposal is not an emissions standard, but rather a 
technology mandate. As the Ramboll LCA study shows, CARB failed to adequately 
account for the full life cycle emissions resulting from the EV mandate and failed to 
adequately account for the full life cycle of emission resulting from the EV mandate 
and did not consider other less costly more viable alternatives. [T2-1]


Agency Response: ACC II is a technology-neutral performance standard, and CARB 
did consider, but rejected, a low-carbon fuels alternative. See the responses to 
comments B-3 and B-5 above. CARB also analyzed lifecycle emissions. See Master 
Response 4 of the Response to Comments on the Draft Environmental Analysis. See 
also responses to comments C-35 and C-36 below.


The electric grid provides necessary power to operate not just BEVs, but also gasoline 
stations and fuel refineries. Supply risks from the grid are being managed by multiple 
state agencies in California, as described in Master Response 1 on page 6 of the 
Response to Comments on the Draft Environmental Analysis.


Lastly, CARB did not propose or adopt a regulation that would rebuild the 
transportation system. To the extent the commenter is making or basing its comments 
on such a rebuilding, the comment is outside the scope of this rulemaking.


15. Comment: Commenter says CARB is dictating zero-emission electric transportation 
technologies and not allowing other technologies that may come available in the 
future. [T1-56, OP-97] 


Comment: Commenter states that ACC II stands to stymie future technological 
innovations and CARB should remain technology-neutral for its zero-emission 
standards [T1-56, OP-97].


Comment: What about Nitrogen-fueled cars? [OP-128]


Comment: Another example of why it is detrimental for CARB to dictate to the 
automotive industry what technologies the industry is allowed to develop is internal 
combustion propane and natural gas-powered vehicles. Without using modern 
automotive emission reduction technologies, propane and natural gas internal 
combustion engines are already as clean as modern gasoline-powered internal 
combustion engines. If modern emission reduction technologies were applied to 
propane and natural gas-powered vehicles, they would likely be cleaner than electric 
vehicles when considering complete life-cycle emissions. Just because emissions 
control technology usage on propane-fueled ICEs has not yet been fully explored or 
vetted, does not mean that CARB should eliminate the automotive industry’s ability to
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develop cleaner technologies. Especially considering that propane and natural gas 
already have developed infrastructures while EV and FC infrastructures still needs to 
be developed and built. [OP-117]


Comment: Commenter states to set a technology neutral performance standard rather 
than a technology mandate based on a series of hypotheticals as currently proposed in 
the ACC II Regulation. [T2-46]


Comment: Commenter would like to echo the concerns of MECA as well as SEMA, 
and that all near-zero technologies need to have a place in the movement to reduce 
California vehicular emissions. Just a month ago the Washington Post published an 
article about how Volkswagen has recently invented a new carbon negative fuel. So 
CARB's technology bias is banning technologies that haven't even been invented yet. 
Commenter respectfully requests that the Board reject the ACC II Regulation until the 
rule can address the technology biases that threaten to undermine the effectiveness of 
the regulation. [T2-54]


Agency Response: CARB did not propose or adopt a technology mandate or electric 
vehicle mandate, and so to the extent the commenters are making or basing their 
comments on such proposed system exchange, transformation, or ban, the comments 
are beyond the scope of this rulemaking. CARB proposed and adopted emission 
standards on new vehicles to which the rule applies such that, by 2035, any new 
vehicle sold within the State must have zero emissions or meet the requirements for a 
plug-in hybrid electric vehicle (anticipated to contain an ICE). If future technologies 
emerge that ensure there are no on-board emissions, it is possible they could be used 
for compliance.


16. Comment: The ACC II rule should be rejected, and a technology-neutral fleet 
efficiency rule should be developed to reduce GHG - the model used so successfully 
to reduce smog and other vehicular emissions. [15b-2-27]


Agency Response: This comment was submitted during the Second 15-Day Notice, 
the scope of which was solely additional documents relied upon being added to the 
record. As such, this comment is beyond the scope of the comment period and no 
response is required. Nevertheless, refer to the response to comment B-5 above. The 
ACC II regulations build on the existing performance-based requirements to transition 
to ZEVs for almost all new car and light truck sales in California by 2035 while further 
cleaning up any internal combustion-powered passenger vehicles that will continue to 
be offered for sale. As such, CARB did not reject ACC II. 


17. Comment: The commenter states “The Associations believe that Californians should 
have the freedom to choose the type of vehicle technology that best fits their personal 
needs based on purpose, affordability, availability, and lifestyle choices. Battery 
electric vehicles (BEV) currently are and will likely continue to make up a growing 
portion of the Light Duty Vehicle (LDV) fleet in California. However, the Associations 
have significant concerns regarding the ISOR and the current ACC II proposal.” [OP-
161-32, incorporated by reference into comment OP-97] 
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Comment: We believe that Californians should be able to choose a vehicle 
technology, including electric vehicles, that best fits their needs based on availability, 
affordability, and personal necessity. [T2-1]


Comment: CARB’s ban on all internal combustion engines is especially concerning for 
California citizens whose lifestyles may not integrate well with a 100% ZEV 
requirement such as people that live in urban environments or have special 
requirements such as towing. [OP-117]


Comment: CARB should dictate emissions levels and allow the industry the freedom to 
meet those standards however the free-market dictates and vehicle emissions should 
be evaluated using a fill life-cycle emissions analysis. [OP-117]


Comment: Commenter believes that Californians should not be directed towards a 
specific technology, but rather be allowed to choose the type of vehicle technology 
that best serves them, acknowledging that any future internal combustion engine 
vehicles sold in California will meet the most stringent emission standards in the 
country. [T2-46].


Comment: We believe that California should be able to choose a vehicle technology, 
including electric vehicles, that best fits their needs, based on availability, affordability, 
personal necessity... We would instead recommend a technology-neutral 
performance-based approach that allows for innovation and reduces emissions in the 
transportation sector.  This includes fairly accounting for life-cycle emissions for both 
traditional vehicles and electrical vehicles. [T1-10, pp. 107:19-23, 108:4-8]


Agency Response: See responses to comments B-5 and B-1 above; CARB did not 
propose or adopt a ban of internal combustion engines. CARB proposed and adopted 
emission standards on new vehicles to which the rule applies such that, by model year 
2035, any new vehicle sold within the State must have zero emissions or meet the 
standards requirements for a plug-in hybrid electric vehicle (anticipated to contain an 
ICE). Up to model year 2035, consumers may choose to buy new clean conventional 
vehicles, and after 2035 within the ZEV requirements, many consumers will be able to 
choose to buy a plug-in hybrid electric vehicle that has multiple fueling sources to 
serve a wide range of lifestyle choices, including towing requirements. Further, staff 
project that BEVs will be more affordable than conventional vehicles when considering 
TCO and believe the technology is well suited for urban environments. 


Current market choices for consumers show a wide variety of ZEV models, with many 
more planned in the next few years. This includes SUVs of varying sizes that are BEVs, 
a van that is a PHEV, and a number of BEV pickup trucks entering the market this year. 
And staff did determine towing is feasible on ZEVs and PHEVs and included 
technology packages and associated costs in the total economic analysis for a small 
portion of the fleet (larger battery packs to enable towing capability).


CARB did account for lifecycle emissions. See Master Response 4 of the Response to 
Comments on the Draft Environmental Analysis.
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Flex Fuels and Liquid Biofuels


18. Comment: CR appreciates the attention that CARB has displayed in encouraging 
alternative fuel manufacturers to re duce the climate intensity of their fuel production, 
and we encourage CARB to continue this dialogue, as it is crucial that we continue to 
consider the upstream emissions associated with the fuel we use in our transportation 
options. [OP-108]


Agency Response: CARB appreciates the support. Although ACC II is not the 
regulation that establishes carbon intensity for transportation fuels, the ACC II 
emissions impact analysis, described in the ISOR Appendix D, accounts for the 
projected carbon intensity of varying fuels in future years based on existing 
transportation fuel and electric grid policies.


19. Comment: It is critical that California complete its evaluation of E15, so that it can be 
made available to California drivers to further help the state achieve its carbon 
neutrality goals.  Additionally, greater use of E85 will promote even further reductions 
in greenhouse gas and air toxic emissions, as well as lower consumer costs. The Board 
should strongly encourage, incentivize, and even require the production and use of 
flex fueled vehicles in conjunction with higher bioethanol blends for the remaining ICE 
fleet, as well as invest in infrastructure for expanded access to higher bioethanol 
blends. [T1-91].


Agency Response: Staff acknowledge the GHG reduction benefit of liquid biofuels 
used with conventional vehicles assuming the biofuel production pathway has a low 
carbon intensity. However, light-duty BEVs and FCEVs, when using grid electricity in 
California or renewably generated fuel, provide larger GHG reductions, and liquid 
biofuel strategies would not reduce air toxic emissions or vehicle NOx to the degree 
needed to meet the national ambient air quality standards, as ZEVs would. Refer to 
Master Responses 3 and 4 on pages 16 and 18 of the Response to Comments on the 
Draft Environmental Analysis. Because biofuels did not meet the project objectives 
and because CARB did not propose any fuel use standard, CARB did not adopt any 
encouragement, incentivization, or requirement for the production or use of biofuels 
or flex-fueled vehicles.


Although not related to the ACC II rulemaking, CARB has released results from the 
Multimedia Evaluation of E15 in California. This information can be found at this 
website: https://ww2.arb.ca.gov/resources/documents/comparison-exhaust-emissions-
between-e10-carfg-and-splash-blended-e15.


20. Comment: Commenter strongly encourages investment in infrastructure to expand 
access to higher bioethanol blends [T1-91].


Agency Response: State public infrastructure investments are focused primarily on 
EVSE and hydrogen infrastructure, as noted in the staff ISOR Section III.A.6.1. 
Investment decisions are managed by the California Energy Commission and are 
outside the scope of the ACC II rulemaking.



https://ww2.arb.ca.gov/resources/documents/comparison-exhaust-emissions-between-e10-carfg-and-splash-blended-e15

https://ww2.arb.ca.gov/resources/documents/comparison-exhaust-emissions-between-e10-carfg-and-splash-blended-e15
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21. Comment: Commenter states that a flex fuel requirement for conventional vehicles 
represents a strong and positive equity opportunity for the program while supporting 
aggressive electrification. [T1-55, B1-11]


Agency Response: Although current E85 fuel prices may provide savings to drivers 
compared to gasoline, it is not necessarily a larger savings compared to what BEV 
drivers experience; a full TCO analysis would be needed comparing BEVs to flex-
fueled conventional vehicles for certainty but was not necessary here because a flex 
fuel vehicle requirement was deemed infeasible and would not provide the needed 
NOx reductions. 


Refer to the response to comment A-20 above for a discussion of the TCO analysis 
CARB conducted. Refer to the response to comment B-3 above for a discussion on the 
challenges with implementing a rule that would track ethanol use in flex-fueled 
vehicles.


22. Comment: Commenter fully supports California’s 2045 carbon neutrality goal and the 
intent of the ACC II regulation but believes it does not go far enough and needs to be 
strengthened, particularly in addressing near-term opportunities for renewable liquid 
fuels to further cut greenhouse gas and criteria pollutant emissions [T1-55]. 


Comment: NCGA believes CARB can secure greater GHG and air pollutant emission 
cuts by replacing more gasoline with clean, low carbon fuel, both in legacy vehicles 
and in new vehicles. Within ACC II, we see additional opportunities CARB can take to 
further reduce greenhouse gas GHG) emissions from new vehicles by using higher 
ethanol blends in hybrid vehicles and internal combustion (IC) vehicles. [B1-11]


Comment: Commenter believes renewable-fuel ICE vehicles can play a role in 
attaining net-zero emissions [OP-174].


Comment: Commenter requests that the ACC II proposal be amended to add a 
component that all new ICE vehicle sales from 2026 forward be flex fuel capable to 
ensure a large number of ICE engines remaining on the road can be powered by low- 
to zero-carbon renewable fuels that are as clean as possible [OP-152, T1-55, B1-11]. 


Comment: CARB received several comments asserting greater emission cuts could be 
gained by replacing more gasoline with low carbon fuel [T1-91]. 


Comment: California is well-positioned to require all PHEVs be FFVs, as well as require 
any combustion vehicles sold from 2026 on to be an FFV. California drivers are buying 
this alternative fuel at nearly 300 locations with E85 use growing to 62 million gallons 
last year, a 55 percent increase.  [T1-59]


Comment: 1. ACC II must secure all immediate cost-effective emissions reductions 
from California’s vehicle fleet. According to the proposal, mobile sources are the 
greatest contributor to criteria pollutants and greenhouse gas emissions in California, 
accounting for about 80 percent of ozone precursor emissions and approximately 50 
percent of statewide greenhouse gas emissions. As also noted in the proposal, 
emissions reductions that will be achieved through the ACC II rule are critical to 
reaching carbon neutrality and California’s State Implementation Plan goals for air 
quality. As an alternative to petroleum, advanced biofuels can deliver significant and
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immediate greenhouse gas and air quality benefits. … 2. Higher biofuel blends 
provide immediate air quality and public health benefits in California. Recent 
analyses from leading national experts demonstrate air quality and public health 
benefits from higher biofuel blends, particularly in disadvantaged communities…. The 
air quality benefits demonstrated in these studies show that biofuel can play a key role 
in helping CARB meet state climate goals and achieve federal and state air quality 
standards. CARB must ensure that the ACC II rulemaking captures the substantial 
climate, air quality, and economic benefits that biofuels can provide in California…To 
meet and maintain climate and air quality goals in the future, it is imperative that 
CARB start planning now for achieving the maximum amount of emission reductions 
from existing cars and trucks by developing rules that will equip them to run on 
increasingly clean liquid fuels like advanced biofuel and renewable gasoline that can 
displace fossil fuel. Technologies like renewable gasoline and advanced biofuel with 
carbon capture and sequestration – both of which POET is actively exploring – can 
deliver zero- and negative-carbon intensity solutions in the transportation sector. In 
addition to electrification, CARB should ensure that the ACC II rules consider, support, 
and take advantage of these technologies as all approaches to decarbonizing 
transportation will be needed to meet the state’s climate and air quality goals.  [OP-
104].


Agency Response: Staff acknowledge the GHG reduction benefit of liquid biofuels 
used with conventional vehicles assuming the biofuel production pathway has a low 
carbon intensity. However, light-duty BEVs and FCEVs, when using grid electricity in 
California or renewably generated fuel, provide larger GHG reductions, and liquid 
biofuel strategies would not reduce air toxic emissions or vehicle NOx to the degree 
needed to meet the national ambient air quality standards, as ZEVs would. 
Accordingly, CARB found that the ACC II regulations are needed to meet the NAAQS 
for the criteria air pollutants which the U.S. EPA has found, under the Clean Air Act, to 
harm public health, and thus must be part of California’s SIP. (CARB, Reso. 22-12, pp, 
12-13.) Additionally, an automaker regulation that relied on compliance from biofuels 
would require complex data collection processes and verification. Refer to the 
response to comment B-3 above regarding low-carbon fuel alternatives and Master 
Response 3 on page 16 of the Response to Comments on the Draft Environmental 
Analysis for a description of staff evaluation of liquid fuel alternatives.


Although current E85 fuel prices may provide savings to drivers compared to gasoline, 
it is not necessarily a larger savings compared to what BEV drivers experience; a full 
TCO analysis would be needed comparing BEVs to flex-fueled conventional vehicles 
for certainty but was not necessary here because a flex fuel vehicle requirement was 
deemed infeasible and would not provide the needed NOx reductions. Refer to the 
response to comment A-20 above for a discussion of the TCO analysis CARB 
conducted.


Separate CARB policies, including the Low Carbon Fuel Standard (LCFS), encourage 
the investment and development of advanced biofuels and the supply and delivery 
investments required to bring the fuels to market.


23. Comment: Commenter claims CARB staff has engaged in an unlawful campaign to 
illegally thwart the use of liquid renewable fuels as a technology that can be used to
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reduce greenhouse gas emissions. Commenter will provide all written comments 
related to the ACC II regulation to the U.S. Court of Appeals, D.C. Circuit, and 
commenter will point out all false and/or misleading statements to that court. [T1-64]. 


Comment: By its very design, ACC II exists to effectively eliminate the use of internal 
combustion engines and, therefore, the liquid fuels that power them, including both 
fossil fuels and renewable fuels such as ethanol. [OP-145-6]


Agency Response: CARB disagrees with the commenters’ allegations. ACC II is 
technology neutral and does not prohibit the use of any particular type of fuel or 
engine. Moreover, separate CARB programs, like LCFS, encourage the investment and 
development of advanced biofuels, including supply and delivery investments required 
to bring those fuels to market. Commenter provided no further explanation or 
evidence regarding the alleged “campaign”, and the comments about submitting 
information for judicial review are necessarily in reference to potential litigation which 
will be responded to in the appropriate forum, and thus no further response is 
necessary to this conclusory statement. 


24. Comment: CARB does not consider how the negative economic impact this Proposed 
Regulation will have on the renewable fuels industry could result in the abandonment 
of further technological advancements in fuels that already outperform ZEVs from a 
GHG emission and cost perspective. [OP-141-38]


Agency Response: Refer to the response to comment B-3 above for a description of 
low-carbon liquid fuel alternatives considered but rejected because of, in part, lower 
environmental benefits compared to ZEVs and biomass supply risks. Additionally, 
advanced biofuels will still have a market opportunity with passenger vehicles given 
there will continue to be billions of gallons gasoline consumed by the conventional 
vehicles in the fleet for several decades. Staff are aware most advanced biofuels being 
commercialized today are for the diesel and aviation fuel markets.


Although current E85 fuel prices may provide savings to drivers compared to gasoline, 
it is not necessarily a larger savings compared to what BEV drivers experience; a full 
TCO analysis would be needed comparing BEVs to flex-fueled conventional vehicles. 
Refer to the response to comment A-20 for a discussion of the TCO analysis CARB 
conducted.


25. Comment: Commenter says “it is imperative to consider the vital role that 
environmentally sustainable fuel options such as bioethanol will play in reducing 
greenhouse gas emissions and cutting consumer costs from the current and future 
California vehicle fleet,” and that use of bioethanol reduces GHG and toxic emissions.  
Furthermore, commenter says it is critical that CARB and the multi-media working 
group complete its evaluation of E15, a blend consisting of 15 percent bioethanol, and 
“encourage[s] CARB to push for policies that continue to strongly encourage and 
incentivize the production and use of flex-fuel vehicles, as well as continued 
investment in infrastructure for expanded access to E85 in the state.” Commenter also 
cites the GHG reduction benefits of “combining a high-octane fuel -- specifically a 
midlevel ethanol blend in the E20 to E30 range in conjunction with a high compression 
ratio engine.” Finally, commenter describes the emission reduction benefits of using
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bioethanol in conjunction with a fuel cell, saying this would require less infrastructure 
change and investment. [OP-137]


Agency Response: Refer to the response to comment B-3 above for a description of 
low-carbon liquid fuel alternatives considered but rejected.


Although current E85 fuel prices may provide savings to drivers compared to gasoline, 
it is not necessarily a larger savings compared to what BEV drivers experience; a full 
TCO analysis would be needed comparing BEVs to flex-fueled conventional vehicles 
for certainty but was not necessary here because a flex fuel vehicle requirement was 
deemed infeasible and would not provide the needed NOx reductions. Refer to the 
response to comment A-20 above for a discussion of the TCO analysis CARB 
conducted.


State public infrastructure investments are focused primarily on EVSE and hydrogen 
infrastructure, as noted in the staff ISOR Section III.A.6.1. Investment decisions are 
managed by the California Energy Commission and are outside the scope of the ACC 
II rulemaking. Staff are not aware of any investments, public or private, to bring mid-
level ethanol blend (E20 to E30) to the market. Regarding hydrogen production for 
FCEVs, staff are aware a wide range of fuel feedstocks are possible, including biomass 
to hydrogen. Encouraging those investments are outside the scope of the ACC II 
rulemaking.


Although not related to the ACC II rulemaking, CARB has released results from the 
Multimedia Evaluation of E15 in California. This information can be found at this 
website: https://ww2.arb.ca.gov/resources/documents/comparison-exhaust-emissions-
between-e10-carfg-and-splash-blended-e15.


C. Legal Authority and Obligations


Federal Law


1. Comment: The commenter states “ACC II is expressly preempted by the Energy Policy 
Conservation Act. CARB lacks authority to adopt or enforce any regulation ‘related to’ 
fuel-economy standards under the Energy and Policy Conservation Act (EPCA). While 
the Clean Air Act grants California certain leeway to address localized pollution, 
EPCA's broad preemption provision prevents CARB from adopting such regulations 
when they are "related to" fuel economy, regardless of any accompanying localized 
pollution benefits. This provision is self-executing, meaning that no agency action is 
necessary for it to be effective—the lack of a National Highway Traffic Safety 
Administration (NHTSA) regulation expressly preempting CARB's program does not 
affect EPCA’s preemptive effect. This provision also contains no waiver. 


ACC II is clearly related to fuel-economy standards. Courts have found that state 
regulations ‘relate to’ federal matters when they have a ‘connection with’ or contain a 
‘reference to’ these matters. CARB's SRIA specifically discusses the fuel savings that 
would result from this rulemaking. CARB cannot avoid EPCA's preemptive effect by 
characterizing this rule as an environmental regulation despite its clear implications for 
fuel economy.” [OP-161-63, incorporated by reference into comment OP-97] 



https://ww2.arb.ca.gov/resources/documents/comparison-exhaust-emissions-between-e10-carfg-and-splash-blended-e15

https://ww2.arb.ca.gov/resources/documents/comparison-exhaust-emissions-between-e10-carfg-and-splash-blended-e15
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Agency Response: CARB disagrees with the assertion that the standards are 
preempted by EPCA. As the two courts to decide the issue have found, vehicle 
emissions standards for which California obtains a waiver under Section 209 of the 
Clean Air Act are not related to fuel economy standards within the meaning of EPCA’s 
preemption provision. (Green Mountain Chrysler Plymouth Dodge Jeep v. Crombie, 
508 F. Supp. 2d. 295 (D. Vt. 2007); Central Valley Chrysler-Jeep, Inc. v. Goldstene, 529 
F. Supp. 2d 1151 (E.D. Cal. 2007).) Rather, as those courts held (and NHTSA has 
recognized, 86 Fed. Reg. 74,236 (Dec. 29, 2021)), Congress designed EPCA to 
account for—and not preempt—those state emissions standards. 


Moreover, since enacting EPCA, Congress has repeatedly embraced California’s 
authority to set emission standards, regardless of their effect on fuel economy. (See, 
e.g., Pub. L. No. 95-95, §§ 129(b), 207 (1977) (allowing other states to adopt 
California’s standards and increasing deference to California’s waiver applications); 
Pub. L. No. 110-140, § 141 (2007) (requiring federal procurement requirements be 
calculated by reference to California’s greenhouse gas standards).) Congress even 
specifically embraced California’s zero-emission vehicle standards in the 1990 Clean 
Air Act Amendments and again in the recently enacted Inflation Reduction Act. (Pub. 
L. 105-549, § 246 (1990) (directing the U.S. EPA to incorporate California’s zero-
emission-vehicle standards into crediting provision for certain private fleets); Pub. L. 
177-169, § 60105(g) (2022) (authorizing grants to support states’ adoption and 
implementation of California’s zero-emission-vehicle standards).) This continued 
support for California’s standards cannot be reconciled with the notion that the 
standards are preempted by EPCA.


Regardless of whether California obtains a waiver for ACC II, the regulation is not 
preempted by EPCA because it does not relate to fuel economy standards. The 
commenter appears to assert that the regulation is “clearly related to fuel-economy 
standards” solely because it would result in fuel savings. But that is true of many state 
and local vehicle laws, and their fuel savings alone do not trigger EPCA’s preemption 
provision. 


2. Comment: Commenter states “ACC II is preempted by the Federal Statutory 
Mandates of EPCA, the CAA, and the EISA. CARB lacks authority to approve the 
proposed ACC II rule because it is inconsistent with, and is preempted by, the 
statutory mandates of federal legislation including the Energy Policy and Conservation 
Act (‘EPCA’), the CAA, and the Energy Independence and Security Act (‘EISA’), 
including the Renewable Fuel Standard (‘RFS’).


As an initial matter, Congress has authorized the Department of Transportation and 
NHTSA to establish fuel economy standards under EPCA. These average standards are 
known as ‘corporate average fuel economy’ or ‘CAFÉ’ standards. The CAFE standard 
is ‘a performance standard specifying a minimum level of average fuel economy 
applicable to a manufacturer in a model year.’ Under EPCA, ‘When an average fuel 
economy standard prescribed under this chapter is in effect, a State or a political 
subdivision of a State may not adopt or enforce a law or regulation related to fuel 
economy standards or average fuel economy standards for automobiles covered by an 
average fuel economy standard.’ Through ACC II, however, CARB seeks to do 
precisely that by virtue of its 100% EV and PHEV mandate. More specifically, the
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motor vehicle emissions standards underlying this mandate are ‘related to’ fuel 
economy standards because regulating fuel economy controls the amount of motor 
vehicle emissions and, in turn, regulating motor vehicle emissions controls fuel 
economy.67 Indeed, the GHG emissions targeted by ACC II relate directly to 
combustion or the actual consumption of fuel, the rate of which is determinative of a 
vehicle’s fuel economy. Accordingly, ACC II is indeed related to fuel economy 
standards and, therefore, expressly preempted by EPCA.


Moreover, any authority that CARB might otherwise claim with regard to ACC II’s 
regulation of GHG emissions necessarily stems from the CAA, under which EPA is 
authorized by Congress to regulate motor vehicle emissions. Similar to EPCA, 
however, the CAA generally preempts state adoption or enforcement of ‘any standard 
relating to the control of emissions from new motor vehicles or new motor vehicle 
engines subject to [the CAA].’ The only exception to this prohibition is if EPA grants a 
preemption waiver to impose standards more stringent than those imposed by the 
CAA, following notice and opportunity for public hearing and provided certain criteria 
are met. For the reasons stated above, however, the ACC II program does not meet 
the criteria for a preemption waiver under the CAA and is, therefore, preempted by 
the CAA, as well as EPCA.


Further, because the proposed ACC II rule would decrease and ultimately eliminate 
the volume of renewable fuel used for transportation, it frustrates Federal mandates 
under the Renewable Fuel Standard. Congress created the RFS to ‘move the United 
States toward greater energy independence and to reduce greenhouse gas 
emissions.’ Congress intended the program ‘to be a ‘market forcing policy’ that would 
create ‘demand pressure to increase consumption’ of renewable fuel.1 Because 
Congress directed EPA to comply with the RFS, EPA cannot—either on its own or by 
virtue of a Section 209 waiver of the ACC II Program—promote the substantial or 
exclusive use of a technology (electrification) that will frustrate its goals. By extension, 
CARB cannot do what EPA cannot do on its own, yet that is precisely what ACC II 
would do by decreasing or eliminating consumption of renewable fuel and arbitrarily 
promoting a replacement technology to achieve the very same objectives. Therefore, 
ACC II’s mandate of electrification at the expense of renewable fuels both decreases 
volumes of renewable fuels in transportation and creates even greater energy security 
risks through dependence on minerals sourced almost entirely outside the United 
States. Thus, ACC II frustrates the goals of EISA and the RFS, and goes beyond the 
authority of CARB.


Finally, the proposed ACC II rule may violate other Constitutional provisions. These 
include, but likely are not limited to, the dormant Commerce Clause, which prohibits 
state regulations that improperly discriminate against out-of-state commercial 
interests or that unduly burden interstate commerce as well as the dormant foreign 
affairs preemption doctrine under the Supremacy Clause, which preempts state laws 
that intrude on the exclusive federal power to conduct foreign affairs. Because the 
proposed ACC II rule is unprecedented in its scope and reach, CARB should pause 
further rule development pending legal review to confirm that its actions are 
authorized under state law and that they are not preempted or precluded as a matter 
of Federal law. [OP-141-40]
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Comment: Commenter states "ACC II conflicts with important federal statutory 
objectives. 


A critical failing of ACC II is that in its haste to phase-out oil and gas production and 
refinery industries it does not consider the impact to the remainder of our energy 
system, including on biofuels (which will be sharply curtailed) and electricity supply 
(which will be overburdened). A critical failing of ACC II is that in its haste to phase-out 
oil and gas production and refinery industries, CARB did not consider the impact to 
the remainder of our energy system, as well as other essential products such as jet 
fuel, asphalt, petrochemicals, and lubricants. This willful blindness places ACC II on a 
collision course with multiple Congressionally mandated programs expressly designed 
to have the opposite impact— biofuels (increased and increasing) and electric supply 
(reliable). Because ACC II undermines and conflicts with the fulfillment of these 
Congressional objectives, it is necessarily preempted. 


It is a ‘well-established principle that the Supremacy Clause, U.S. Const., Art. VI, cl. 2, 
invalidates state laws,’ like ACC II, ‘that interfere with, or are contrary to federal law.’ 
Even where Congress has not completely displaced state regulation in a specific area, 
state law is nullified to the extent that it actually conflicts with federal law. Such 
conflicts arise ‘when compliance with both state and federal law is impossible’ and 
‘when the state law ‘stands as an obstacle to the accomplishment and execution of the 
full purposes and objectives of Congress.’ The ACC II program fails on both accounts. 


First, Congress’ intention to increase production, distribution, and use of biofuels is 
expressed in no less than three statutes, which do everything from mandating biofuel 
blending in liquid fuel to incentivizing its production through loans and loan 
guarantees. Specifically, the ACC II Program conflicts with these federal objectives and 
deprives federal funding programs of value by mandating complete electrification of 
the transportation sector. These programs set aside significant funding for the 
development and use of liquid fuels for transportation, with the expectation that these 
fuels will continue to play an important role in meeting transportation energy demand 
for many years. 


[Table omitted]


By contrast, ACC II would eliminate any role for these alternative fuels in California by 
requiring 100% ZEVs and PHEVs by 2035, removing a substantial portion of the 
demand for these fuels and depriving federal investments of significant value. This 
deprivation is made worse by the potential—indeed California’s expectation—that 
other states may adopt California’s engine and motor vehicle emission standards 
under Section 177 of the Clean Air Act, 42 U.S.C. § 7507 and the potential that 
manufacturers are unlikely to produce two separate fleets (177 states vs. the rest of 
the country). 


Further, ACC II expressly contradicts EPCA’s requirement that any burdens stemming 
from energy-use restrictions be reasonably distributed across all industry sectors, 
instead placing the entirety of the burden of these restrictions on the oil and gas 
production and refinery sector of California’s economy.
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Second, federal policy explicitly supports ‘the modernization of the Nation’s electricity 
transmission and distribution system to maintain a reliable and secure electricity 
infrastructure that can meet future demand growth.’ 42 U.S.C. § 17381. The ACC II 
program conflicts with this policy by introducing material security and reliability risks to 
California’s electricity grid.” [OP-161-64, pp. A-21 – A-23., incorporated by reference 
into comment OP-97] 


Comment: Because CARB’s proposed ACC II program conflicts with and presents an 
obstacle to clearly-stated federal objectives, CARB lacks the authority to promulgate 
these regulations—and indeed is preempted from doing so. [OP-161-64, incorporated 
by reference into comment OP-97] 


Comment: ACC II would erect a major obstacle to this program [the federal 
Renewable Fuel Standard] because (1) it would decrease the demand for and price of 
renewable fuels and feedstocks, thus threatening the viability of renewable fuels 
producers, and (2) it would reduce the availability of RINs, which will make it more 
difficult for obligated parties to comply with their annual requirements. [OP-145-7]


Comment: This reduction will result in significant disruption of the RIN market as well. 
The 2019 California fuel market accounted for 3.0 billion RINs, and the Section 177 
states together accounted for another 4.7 billion RINs. [OP-145-8]


Comment: Similar disruptions will arise with respect to biodiesel and renewable diesel. 
[OP-145-9]


Agency Response: CARB disagrees with these comments. The comments focus 
primarily on the Renewable Fuel Standard (RFS) program created by the Energy 
Independence and Security Act of 2007 (EISA), arguing that ACC II is preempted by 
that program. The premise of this claim is that RFS was designed solely to increase 
biofuel production and, from there, the comment argues that ACC II conflicts because 
it will reduce the production and use of all liquid transportation fuels, including 
biofuels. But this premise is an erroneous oversimplification of the design and 
objectives of the RFS program. In reality, even if ACC II might reduce the amount of 
renewable fuels consumed by motor vehicles sold for use in California because it 
reduces the total amount of liquid fuels such vehicles require, that creates no 
impossibility or obstacle for the RFS or its underlying objectives.  


For one thing, Congress’s objective for that program was to reduce greenhouse gas 
emissions from motor vehicles, and ACC II advances that very same objective. For 
another, Congress designed the RFS program so that its obligations—the amount of 
renewable fuel that must be sold—are “expressed in terms of a volume percentage of 
transportation fuel sold or introduced into commerce in the United States.” (42 U.S.C. 
§ 7545(o)(3)(B) (emphasis added).) In other words, Congress designed the RFS 
renewable fuel volume obligations to adjust based on changes in the total amount of 
transportation fuel sold in the United States, and, thus, the RFS program responds 
automatically to any state program that, like ACC II, might reduce the total 
transportation fuel volume. And, because there are multiple types of biofuels that can 
be produced from biomass feedstocks, as the demand for gasoline in the light-duty 
sector declines in California, biofuel resources and production can be shifted to supply
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diesel and aviation fuel replacements in other transportation fuel sectors, like heavy 
duty truck, off-road, or aviation—enabling a shift in the RIN market, not an elimination 
of it.19 This means that it will not be impossible to comply with RFS, even if ACC II 
impacts the total volume of transportation fuels sold, because the percentage-based 
RFS volumes can and will be adjusted for such impacts. Likewise, the percentage-
based volume obligations demonstrate that Congress well understood that total fuel 
volumes might change over time and, thus, such changes create no obstacle to the 
RFS program’s requirements or its objectives. Put simply, there is no impossibility or 
obstacle because Congress designed its RFS program to respond to and account for 
changes in total transportation fuel volumes.  


Congress did establish baseline volumes for most renewable fuels, but, notably, it did 
so only through 2022. (Id. § 7545(o)(3)(B)(i)(I)-(III).) As a consequence, U.S. EPA will be 
establishing relevant obligations under the RFS based on percentages (as Congress 
instructed) and on EPA’s analysis of a number of factors, including renewable fuels’ 
impact “on air quality [and] climate change” and “the expected annual rate of future 
commercial production of renewable fuels.” (Id. § 7545(o)(3)(B)(ii).) U.S. EPA will begin 
doing this long before ACC II’s first model year and any impact on total transportation 
fuel volumes. In any event, ethanol is expected to continue as a blendstock in retail 
gasoline, with increasingly lower carbon intensity under CARB’s LCFS, though at 
declining volumes as gasoline fuel demand declines in the passenger vehicle fleet. 
CARB expects biofuels and renewable liquid fuels to be used in heavier mobile 
sectors, including on-road heavy duty trucks, aviation, rail, and ocean-going vessels.  
Refer to Master Response 3 on page 16 of the Response to Comments on the Draft 
Environmental Analysis. 


Finally, the comments seem to assume that Congress intended to prioritize increased 
renewable fuel production above objectives expressed elsewhere and to implicitly 
preempt programs like the ACC II regulations, despite their longstanding history. But 
the statute says quite the opposite. Congress expressly indicated that EISA did not 
alter existing environmental laws, which would include the provision of the Clean Air 
Act that provides for California to continue adopting and enforcing a separate motor 
vehicle emission reduction program: “[N]othing in this Act … supersedes [or] limits the 
authority provided … by any provision of law (including a regulation), including any 
energy or environmental law or regulation.” (Id. § 17002.) California’s regulations to 
limit air pollution from motor vehicles and regulate motor vehicle fuels have been in 
place for years, and Congress is aware of that. Put simply, Congress chose not to alter 
existing environmental protection authorities, including California’s. This underscores 
the absence of any conflict preemption between vehicle emission standards Congress


19 In fact, as described in Master Response 3 of the Response to Comments on the Draft Environmental Analysis, 
advanced biofuel development is already being focused on other sectors.
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expressly authorized (e.g., California’s standards) and EISA’s goals and programs 
(including RFS).20


ACC II is likewise not preempted by any of the other federal statutes referenced in 
these comments. The comments assert that compliance with ACC II and an array of 
other federal statutes would be impossible but never identify any obligation created 
by federal law with which ACC II creates such impossibility. In fact, many of the federal 
statutory provisions identified impose no obligations on anyone and thus cannot be 
the basis of any impossibility claim. (E.g., 42 U.S.C. § 16501(c) (establishing criteria 
under which Secretary of Energy “may provide a loan guarantee” for construction of 
certain ethanol plants); 42 U.S.C. § 17381 (statement of policy).) Others (which also 
impose no obligations on private parties) appear to have expired. (E.g., 42 U.S.C. § 
16502(d) (describing appropriations for “fiscal years 2005 through 2009”); id. § 16071 
(establishing grants for pilot projects to be selected no later than mid-2006 and to run 
for no more than five years).) 


The comments also assert that ACC II “stands as an obstacle to the accomplishment 
and execution of the full purposes and objectives of Congress” but similarly identify 
no purpose or objective for which such an obstacle is created. In fact, ACC II is entirely 
consistent with Congress’s objectives as expressed in the identified statutes. The 
Energy Policy and Conservation Act and EISA both expressly encourage, and in some 
provisions even require, the increased deployment of alternative fueled vehicles which 
include electric vehicles. For example, one of the provisions identified in the 
comments, 42 U.S.C. § 6374, requires the federal government to maximize its 
acquisition, for federal fleets, of alternative fueled vehicles which are defined as those 
that run on alternative fuels, including “electricity,” (id. § 6374(g)). (See also 49 U.S.C. 
§ 32905 (“Manufacturing incentives for alternative fuel automobiles”).) Likewise, 42 
U.S.C. § 17381 (with which the comments also claim ACC II conflicts), supports the 
“[d]eployment and integration of advanced electricity storage and peak-shaving 
technologies, including plug-in electric and hybrid electric vehicles.” (The absence of 
any conflict with Congress’s goals for electric grid modernization is only underscored 
by the commenters’ failure to substantiate their claim that ACC II will introduce 
“material security and reliability risks to California’s electricity grid.” Potential 
cybersecurity threats are speculative and requirements for addressing them are 
outside the scope of the ACC II regulations that establish emission standards for 
motor vehicles. CARB is aware that electrical grid risks and cyberattack mitigation are 
monitored and addressed by the Federal Energy Regulatory Commission (FERC) and 
the U.S. Department of Homeland Security (DHS). 


The comments also point to inapplicable provisions. For example, they assert that 42 
U.S.C. § 6391(b) governs the distribution of purported burdens here by the ACC II


20 See also Rocky Mountain Farmers Union v. Corey (E.D. Cal. 2017) 258 F.Supp.3d 1134, 1149-1151 (“Simply 
put, both the CAA's and the EISA's savings clauses evince Congress's express intent not to preempt state 
legislation aimed at improving a state's air quality. See RMFU, 730 F.3d at 1097 (‘Congress has expressly 
empowered California to take a leadership role as to air quality’).”).
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regulations. But that provision, by its own terms, is only applicable to highly specific 
federal restrictions on energy use, none of which are implicated by increased sales of 
ZEVs, let alone by this State regulation.


The comments imply conflicts with the dormant Commerce Clause and the dormant 
foreign affairs doctrine. However, the commenter does not explain how these 
doctrines could bar (or even apply to) ACC II, but rather just notes they may. CARB 
disagrees, noting that ACC II controls only commerce occurring in California, regulates 
automakers evenhandedly without regard to their location, addresses traditional state 
responsibilities (namely the reduction of harmful air pollution and the products sold in 
the State), does not intrude on any foreign affairs powers, and is consistent with and 
countenanced by federal law; see response to comment C-6 below. 


For the comment regarding preemption by the Clean Air Act, see responses to 
comments C-7, C-9, and C-10 below. CARB also notes that its authority to reduce and 
eliminate harmful emissions from motor vehicles does not “stem[] from the CAA” as 
the commenter contends. CARB’s authority is organic and inherent in California’s 
authority to protect the health and welfare of its residents as directed by its people 
through its legislature. The federal CAA recognizes and preserves that authority in 
Section 209.


In sum, the comments identify no provision of federal law that preempts ACC II. 


3. Comment: ACC II’s de facto 100% electric car mandate is unlawful because it 
preempted by the federal CAFE law and because it is inconsistent with the renewable 
fuels requirements of the Energy Independence and Security Act of 2007. [OP-145-1] 


Agency Response: CARB did not propose or adopt an electric vehicle mandate, and 
so to the extent commenter is making or basing its comments on such a mandate, the 
comments are beyond the scope of this rulemaking. See preceding responses to 
comments C-1 and C-2. 


4. Comment: The effect of this program is to force automobile manufacturers to meet 
fleet-average fuel economy standards with a costlier fuel-efficiency technology, 
restricting manufacturer compliance choices and undermining CAFE’s flexible 
performance standards. This is illegal under CAFE.’s plain text and through the 
principles of implied preemption. 


Under CAFE, automobile manufacturers may meet the standards using conventional 
fuel-efficiency technologies or using a variety of alternative fuel technologies.30 CAFE 
pursues an all-of-the-above strategy for alternative fuels, where all liquid and gaseous 
alternative fuels have the same fuel economy credit multiplier (1/0.15) (as does 
electricity under the Department of Energy’s regulations).31 This allows automobile 
manufacturers a choice between improving conventional automobile fuel economy or 
being rewarded with artificially high fuel economy for producing a variety of 
alternative fuel technologies, including automobiles capable of operating on 
alternative liquid and natural gas fuels, not just electricity or hydrogen.  
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The proposed 100% electric automobile quota destroys that statutory choice, 
mandating the production and sale of electric automobiles, when Congress has 
decided to encourage a range of options…. [OP-145-5; OP-145-3] 


Comment: … CARB should not proceed with ACC II, but should instead look for lawful 
and technology-neutral pathways to improve environmental quality. [OP-145-10] 


Agency response: CARB did not propose or adopt an electric vehicle mandate, and so 
to the extent commenter is making or basing its comments on such a mandate, the 
comments are beyond the scope of this rulemaking. 


The commenter asserts that the ACC II regulations are preempted by federal fuel 
efficiency standards. For the reasons explained in the response to comment C-1, the 
ACC II regulations are not preempted by federal fuel economy standards. CARB also 
disagrees with the commenter’s characterization that ACC II will force compliance with 
federal fuel economy standards via more expensive pathways. Because ACC II is 
technology neutral, manufacturers will still retain the flexibility to pursue their choice 
of vehicle technologies, provided they meet the applicable emissions and 
performance requirements of ACC II. See also response to comment C-6 below. And, 
as noted above in response to comment C-2, ACC II does not frustrate or impede 
compliance with or objectives of federal programs or statutes. Indeed, ACC II and the 
CAFE standards apply independently, the former on model year 2026 and subsequent 
new vehicles sold in California and the latter on nationwide fleets. Grafting ZEV costs 
for ACC II onto CAFE compliance is therefore inappropriate and misleading. In any 
event, CARB has determined ACC II to be cost-effective, with the record 
demonstrating ZEV owners will likely see cost savings compared to conventional 
gasoline vehicles. 


5. Comment: ACC II's radical curtailment of the transportation mobility for working 
families and communities of color for any reason, including climate, suffers from the 
same foundational Constitutional flaw identified by the Supreme Court in West 
Virginia v. EPA, 142 S. Ct. 2578 (June 30, 2022): CARB is an administrative agency 
charged with implementing the law, not with inventing it. [15b-2-20]


Agency Response: This comment was submitted during the Second 15-Day Notice, 
the scope of which was solely additional documents relied upon being added to the 
record. As such, this comment is beyond the scope of the comment period and no 
response is required. Nevertheless, CARB does have broad authority delegated to it 
by the California Legislature and is charged with, among other things, regulating (i.e., 
developing and establishing rules with the force of law and implementing and 
enforcing those rules) emissions from motor vehicles. Establishing standards for zero-
emission vehicles and reducing emissions from conventional vehicles is squarely within 
CARB’s authority granted by the Legislature. The ACC II regulations are the latest 
iteration of requirements in California to protect public health and the environmental 
from vehicle pollution that have continuously improved, commensurate with 
technological developments in pollution control technology, for more than 70 years. 
California’s actions predate federal action on this problem, and, in that time, Congress 
has repeatedly ratified and benefited from California’s program. The California 
Legislature has also directed CARB to continue these programs, and governors have
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requested CARB to expand these programs or otherwise exercise its authority over 
motor vehicle emissions (e.g., Executive Order N-79-20). Moreover, the application of 
this authority in the manner adopted here has been endorsed and supported by the 
Legislature, as shown by the significant funding appropriated to support ZEVs. See the 
response to comment A-20 above, response to comment C-14 below, and response to 
comment C-32 below. 


6. Comment: Commenter states that the proposed motor vehicle emission standards in 
this regulation will impact the types of motor vehicles sold in other states by the fact 
that motor vehicle manufactures will, due to economics, be forced to design and build 
all their vehicles to meet the state's emission standard [OP-66]. 


Agency Response: The commenter did not explain how or why vehicle manufacturers 
would be “forced” to comply with California’s ACC II regulations in states where the 
regulations do not apply. Accordingly, CARB responds by observing that the ACC II 
regulations govern only those vehicles sold for use in California (although other states 
may choose to adopt the regulations pursuant to authority provided by Congress in 
the Clean Air Act, that is not compelled by California). The regulations do not prohibit 
or otherwise prevent vehicle manufacturers from continuing to sell conventional 
vehicles in other states when they may no longer do so in California or from selling 
higher percentages of conventional vehicles in other states than permitted in 
California (or any states that have chosen to adopt the ACC II regulations). No 
additional response is warranted, given the conclusory nature of the comment. 


7. Comment: Commenter states that the EPA requires the state must demonstrate a 
“need” for the EPA emission waiver this proposed regulation is operating under [OP-
13].


Comment: Commenter states that the state’s EPA waiver requires the state to 
demonstrate the emission reductions in the proposed regulation are “needed” to 
meet federal air quality standards [OP-13].


Comment: Commenter states that the state’s EPA waiver requires the state 
demonstrate that it has exhausted all emission reduction alternatives available to the 
state before the state implements the motor vehicle emission and fuel economy 
standards found in the proposed regulation [OP-13].


Comment: Commenter states that the state does not “need” the motor vehicle 
emission and fuel economy standards found in the proposed regulation to achieve its 
federal air quality standard goals [OP-13].


Comment: Commenter states “ACC II exceeds the scope of CARB’s Authority because 
the CARB cannot demonstrate that it would qualify for a Clean Air Act preemption 
waiver. ACC II is ultra vires because CARB has not crafted the regulation such that it is 
eligible for a waiver under § 209 of the federal Clean Air Act.


ACC II cannot satisfy at least two of these criteria....First, ACC II is not consistent with 
Section 7521(a) of the Clean Air Act. While EPA has described its review under this 
criterion as narrow, EPA has previously stated that the determination is based on 
whether ‘California’s standards are technologically infeasible.’ [MEMA I, 627 F.2d at







71


1126]. In prior evaluations, EPA relied on CARB demonstrations that ‘the necessary 
technologies presently exist to meet the stablished standards,’ but that is not the case 
here. ACC II requires 100% ZEV sales by 2035—an absolute ban on internal 
combustion engine vehicles as an alternative even if insufficient ZEV are available. 
Given this total removal of alternatives from the market, it is not enough for CARB to 
demonstrate that vehicle manufacturers have the technology (and, inherent in this 
question, the resources) to produce a single electric vehicle. Rather, examining the 
technological feasibility of ACC II standards must include asking whether vehicle 
manufacturers have the technology and resources to rapidly shift to producing only 
electric vehicles—a relatively new technology category that requires different 
resources than traditional vehicles—by the millions, as well as whether there is a 
reliable supply of electricity to charge them. For the reasons detailed above—
including insufficient global supply of lithium and other rare earth minerals that already 
are hampering electric vehicle deliveries and insufficient electricity supply—the answer 
is no.


Second, the California waiver from federal preemption is an exception that was 
intended by Congress to give added flexibility in addressing unique conventional 
pollution issues in limited areas of California. It was not contemplated by Congress 
that this exemption would be used decades later to allow CARB to ban the use of the 
ICEV for California and elsewhere in states that adopt the rule. The proposed ACC II 
rule would force a significant portion of the domestic transportation sector to be 
dependent on electric vehicle batteries. The widespread economic implications, policy 
consequences for energy independence, and geopolitical risks are simply too 
significant to be approved by a state executive agency under an exception to federal 
preemption that was never contemplated for this purpose.


The legal standard for determining whether California suffers from ‘compelling and 
extraordinary conditions’ is currently being litigated. Even if the court finds that 
compelling and extraordinary conditions justify allowing California to set GHG 
standards and a ZEV sales mandate for California, it is unclear how CARB can justify 
proposed measures in ACC II to allow the ‘pooling’ of out-of-state sales (sales in states 
that have adopted California’s standards, referred to as Section 177 states) to 
demonstrate compliance with the California sales requirements. Allowing 
manufacturers to sell qualifying vehicles in other Section 177 states as far away as New 
York, and allowing those credits to demonstrate compliance with California’s 
standards, does not assist California in addressing its ‘compelling and extraordinary 
conditions.’ Put in Section 209 terms: California does not need an emission reduction 
in New York to meet a compelling and extraordinary condition in California. By 
designing its program to allow its own requirements to be met by measures taken in 
other states anywhere in the United States, CARB tacitly acknowledges that it does 
not need the proposed ZEV mandate to meet compelling and extraordinary conditions 
in California.


The fact that CARB appears to consider the sales of qualifying vehicles in Section 177 
States as a basis for California’s own rulemaking shows that this rulemaking is more 
about a broad policy objective to eliminate the use of ICEV and liquid fuels, regardless 
of their carbon contribution, than about addressing compelling and extraordinary
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circumstances in California. Given the sweeping national implications of forced 
electrification of a substantial portion of the United States’ light-duty vehicle fleet, 
California is and should be federally preempted from unilateral action. Further, setting 
federal GHG tailpipe emission standards in a manner that would force electrification is 
beyond even the U.S. Environmental Protection Agency’s statutory authority. Forced 
electrification of a significant share of the U.S. light-duty transportation fleet is a major 
question with tremendous potential economic, environmental, and social 
consequences that is properly placed with the United States Congress.” [OP-141-39] 


Agency Response: CARB did not propose or adopt an electric vehicle mandate or a 
ban on all ICE vehicles, and so to the extent commenter is making or basing its 
comments on such a mandate or ban, the comments are beyond the scope of this 
rulemaking. Commenter also does not explain how or why ACC II would “force 
electrification”. 


CARB disagrees with the comments because California does in fact “need” ACC II 
within the meaning of Section 209(b)(1)(B) of the Clean Air Act. As a threshold point, 
the comments are framed as a view on California’s “need” for the specific ACC II 
regulations, whereas, under U.S. EPA’s long-standing, traditional interpretation, the 
question is whether California needs a separate motor vehicle program as a whole. 
The comments do not dispute that California has such a need, and that is all that is 
required. Moreover, even applying the interpretation the comment appears to adopt, 
California does need the specific ACC II regulations in order to protect public health 
by attaining federal and State standards for ozone and particulate matter pollution, to 
address pollution burdens of environmental justice communities (especially those 
located near major roadways), and to mitigate the increasingly severe climate crisis. As 
explained in detail in the ISOR at pp. 5-10, 134-137, and 145-147, and the FSOR 
Appendix F, the ACC II regulations contribute critically to these goals and thus are 
needed for purposes of obtaining a waiver under Section 209(b)(1)(B). With regard to 
the pooling provision specifically, see response to comment C-12 below. 


Nothing requires CARB to reserve vehicle emissions standards as a last alternative to 
other means of reducing air pollution. The Clean Air Act gives states wide discretion to 
determine the means of achieving the NAAQS. The Clean Air Act is a broad remedial 
statute designed to anticipate and address new problems.21 Federal and State law 
require that California attain the NAAQS as expeditiously as feasible and the California 
Legislature has directed CARB to achieve the maximum feasible reduction of 
emissions from motor vehicles for a variety of reasons, including but not limited to 
attaining the NAAQS. Other means of reducing air pollution beyond vehicle emission


21 E.g., Massachusetts v. E.P.A. (2007) 549 U.S. 497, 532 (“The broad language of § 202(a)(1) reflects an 
intentional effort to confer the flexibility necessary to forestall [statutory] obsolescence.”), citing Pennsylvania 
Dept. of Corrections v. Yeskey (1998) 524 U.S. 206, 212 (“[T]he fact that a statute can be applied in situations 
not expressly anticipated by Congress does not demonstrate ambiguity. It demonstrates breadth”; (internal 
quotation marks omitted)); Whitman v. American Trucking Associations (2001) 531 U.S. 457. 
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standards are outside the scope of the proposal, and CARB is undertaking a variety of 
programs to do so. 


Lastly, CARB conducted robust analysis of the technological feasibility of the ACC II 
regulations, including manufacturers’ ability to comply using existing technologies and 
those that are expected to be developed in the time provided. Commenter does not 
raise or elaborate further on any deficiencies with CARB’s analysis. See also Master 
Responses 1 and 2 in the Response to Comments on the Draft Environmental Analysis 
regarding, respectively, electrical grid capacity and semi-precious metal availability. 


8. Comment: The Clean Air Act (and California's equivalent) does not authorize an 
agency to ban the affordable, reliable, and ever more efficient transportation mode 
that almost all Californians rely on, and that working families earning lower wages and 
living in or near poverty - the highest proportion of whom are members of 
communities of color, depend on. [15b-2-18]


Agency Response: This comment was submitted during the Second 15-Day Notice, 
the scope of which was solely additional documents relied upon being added to the 
record. As such, this comment is beyond the scope of the comment period and no 
response is required. Even so, CARB notes it did not propose or adopt a ban of a 
transportation mode, and so to the extent the commenter is making or basing its 
comments on such a ban, the comment is beyond the scope of this rulemaking. CARB 
proposed and adopted emission standards on new vehicles to which the rule applies 
such that, by model year 2035, any new vehicle sold within the State must have zero 
emissions or meet the requirements for a plug-in hybrid electric vehicle (anticipated to 
contain an ICE). Furthermore, California law gives CARB broad authority to regulate 
emissions from motor vehicles (see response to comment C-14, below), and the 
federal Clean Air Act provides a pathway for California to secure a waiver of federal 
preemption for its emission standards on new motor vehicles (42 U.S.C. § 7543(b)). 
CARB’s authority to reduce and eliminate harmful emissions from motor vehicles does 
not stem from the federal CAA, and the federal CAA recognizes and preserves that 
authority in Section 209. 


9. Comment: ACC II’s electric car mandate violates both CAFE and the RFS. By 
definition, an unlawful and thus unenforceable standard cannot be “at least as 
protective of public health and welfare as applicable Federal standards.” Thus, any 
decision to finalize the ACC II rule’s electric car mandate would be arbitrary and 
capricious. [OP-145-4] 


Agency Response: CARB disagrees that ACC II violates or is preempted by CAFE and 
the RFS; see the responses to comments C-1 and C-2 above. CARB also disagrees 
with the commenter’s circular argument that ACC II cannot meet the criteria for a 
Clean Air Act section 209 waiver because CARB’s determination that ACC II “will be, 
in the aggregate, at least as protective of public health and welfare as applicable 
Federal standards” is rendered inherently arbitrary and capricious by the alleged 
preemption or violation. See also the response to comment C-10 below. The ACC II 
rules are not preempted or in conflict with federal law for the reasons explained in the 
responses to comments C-1 and C-2; they therefore also are not unlawful or 
unenforceable. They will not cause California motor vehicle emission standards, in the
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aggregate, to be less protective of public health and welfare than applicable federal 
standards, as CARB determined in Resolution 22-12.


10. Comment: Several comments assert that CARB may not adopt vehicle emission 
standards that are more stringent than federal standards, or that CARB has not met 
the purported conditions for doing so:


Comment: The motor vehicle emission standards proposed in the ACC II regulation 
are stricter than federal EPA standards [OP-66].


Comment: The state is using its EPA waiver to authorize the implementation of motor 
vehicle emission standards that are stricter than U.S EPA standards [OP-66].


Comment: Before the state can implement motor vehicle emission standards that are 
stricter than U.S EPA standards, the state must show that it has exhausted all other 
emission reduction options available to the state that can be used to meet the state's 
goals to reduce atmospheric concentrations of NOX, CO, ROG, ozone, and CO2 [OP-
66].


Comment: Commenter states that the state has not exhausted all its options to reduce 
atmospheric concentrations of the afore-mentioned gases [OP-66].


Comment: Commenter states that the state is required to exhaust all the emission 
reduction options available to the state before implementing motor vehicle emission 
standards that are stricter than U.S EPA standards. The reason for this is to prevent 
other states from being unnecessarily impacted by motor vehicle designs that are 
influenced by the State of California's motor vehicle emission standards [OP-66].


Agency Response: The commenter identified no legal or other authority for these 
contentions, and CARB is not aware of any authority that supports them. To the 
contrary, Congress expressly contemplated that California’s vehicle emission standards 
might be more stringent than those of U.S. EPA, e.g., 42 U.S.C. § 7543(b)(2), and did 
not require that California show it had exhausted all other emission reduction options 
before U.S. EPA would be required to grant a preemption waiver for California’s 
standards, 42 U.S.C. § 7543(b)(1)(A)-(C).22 In addition, CARB notes that California 
requires significant reductions in emissions from multiple sectors and will continue to 
do so but cannot achieve its air quality and climate goals without dramatic reductions 
from the transportation sector—reductions of the kind that can only be achieved by


22 And see, e.g., Dotson, State Authority to Regulate Mobile Source Greenhouse Gas Emissions, Part 2: A 
Legislative and Statutory History Assessment (2020) 32 Geo. Envtl. L.Rev. 625; Dotson, State Authority to 
Regulate Mobile Source Greenhouse Gas Emissions, Part 1: History and Current Challenge (2019) 49 Envtl. L. 
Rep. News & Analysis 11037; Carlson, Iterative Federalism and Climate Change (2009) 103 Nw. U. L.Rev. 1097, 
for discussions on the history of California’s waiver of preemption under the Clean Air Act. 
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shifting to zero-emission vehicles.23 If the ACC II regulations did not require all light-
duty vehicles to be 100% ZEVs and PHEVs, criteria emissions would not be reduced to 
the same degree and would further frustrate attainment of the NAAQS and meeting 
California’s requirements to reduce GHG emissions. (See ISOR, pp. 134-135; Emission 
Inventory Methods and Results for the Proposed Amendments, ISOR, App. D, pp. 13-
17.) 


Substantive State Law Requirements


General


11. Comment: The proposed sales mandate conflicts with the purpose and scope of the 
statutes that authorize the mobile source regulations and govern the rulemaking 
process. [OP-161-35, incorporated by reference into comment OP-97]


Agency Response: This comment fails to specify what authority the commenter is 
discussing and, as such, lacks specificity and is beyond the scope of the ACC II 
regulations, so no response is required. To the extent the commenter is saying the 
requirements in the ACC II regulations conflict with the purpose and scope of the 
authorizing statutes identified in this particular rulemaking record, CARB disagrees; 
the ACC II regulations are the latest iteration in a long history of exercising authority 
to regulate emissions from passenger cars and trucks, expanding the existing 
requirements to transition to ZEVs for almost all new car and light truck sales in 
California by 2035 while further cleaning up any internal combustion-powered 
passenger vehicles that will continue to be offered for sale. This comment does not 
provide any elaboration on the alleged conflicts with statutes governing mobile source 
emissions regulations and the rulemaking process, and so no further response is 
required. Nevertheless, see responses to comments C-14, C-18, C-19, C-23, C-29, and 
C-35 below, the response to comment H-9 in FSOR Appendix C, and Master Response 
4 of the Response to Comments on the Draft Environmental Analysis. 


12. Comment: As with economic impacts and technological feasibility, CARB is required to 
evaluate its proposed regulations for consistency with state air quality standards and 
GHG emission reduction goals. CARB must take expeditious action to address both 
ambient air quality standards and short-lived climate pollutants in California—here, 
CARB has failed to comply with this mandate by allowing out-of-state emissions 
reductions to fulfill state compliance obligations. 


[Commenter specifically cites and quotes Health and Safety Code sections 39602.5(a), 
43000.5(d), 43013(2)(h), 43018(a), 38560, and 39730.5.] 


23 See CARB, Draft Scoping Plan Documents, https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-
scoping-plan/2022-scoping-plan-documents (accessed October 7, 2022); CARB, 2022 State Strategy for the 
State Implementation Plan (2022 State SIP Strategy), https://ww2.arb.ca.gov/resources/documents/2020-
mobile-source-strategy; https://ww2.arb.ca.gov/resources/documents/2022-state-strategy-state-
implementation-plan-2022-state-sip-strategy (accessed October 7, 2022). 



https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents

https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents

https://ww2.arb.ca.gov/resources/documents/2020-mobile-source-strategy

https://ww2.arb.ca.gov/resources/documents/2020-mobile-source-strategy

https://ww2.arb.ca.gov/resources/documents/2022-state-strategy-state-implementation-plan-2022-state-sip-strategy

https://ww2.arb.ca.gov/resources/documents/2022-state-strategy-state-implementation-plan-2022-state-sip-strategy





76


California has not attained national air quality standards statewide. According to EPA’s 
Green Book database, 19 areas in California are currently out of attainment for one or 
more criteria pollutants.40 Of these nonattainment areas, currently eight are listed as 
“serious” and two are listed as “extreme” for at least one standard, the two highest 
possible listings.41 The California legislature has determined that securing attainment 
in all areas of the state requires CARB to take steps to achieve “substantial reductions 
in new vehicle emissions and substantial improvements in the durability of vehicle 
emissions systems.”42


In addition, the California legislature has set ambitious targets for GHG emissions 
reductions in the state. Under SB-32, CARB must “ensure that statewide greenhouse 
gas emissions are reduced to 40% below the 1990 level by 2030.”43 Further, under 
SB1383, CARB must also address short- lived climate pollutants, achieving “a 
reduction in methane by 40%, hydrofluorocarbon gases by 40%, and anthropogenic 
black carbon by 50% below 2013 levels by 2030.”44 In meeting these targets, CARB is 
required to maximize emissions reductions and achieve these targets as soon as 
possible.45


CARB’s ACC II Program undermines achievement of these California-centric emissions 
reduction goals by allowing vehicle manufacturers to comply with in-state ZEV sales 
mandates by pooling ZEV and PHEV values from different states. CARB’s proposal 
requires manufacturers to meet an increasing percentage of new vehicle sales in 
California as ZEVs and PHEVs, where compliance is measured by assigning vehicle 
“values” for each vehicle produced that meets certain minimum technical 
requirements.46 However, the proposal also includes a purported “flexibility” 
mechanism, “allowing all manufacturers to transfer or ‘pool’ excess ZEVs and PHEVs 
earned in California or individual Section 177 States to meet a shortfall in any given 
model year (or a deficit carried forward from a previous model year) elsewhere.”47 
Manufacturers can meet up to 25% of their annual compliance obligations in model 
year 2026 by relying on pooling, with this percentage declining by 5% for subsequent 
model years.48 In the ISOR, CARB explains that “allowing manufacturers to use 
pooled ZEV and PHEV values would help them manage year to year fluctuations in 
annual vehicle volumes especially across different states and still allow for full 
compliance,” emphasizing that, under this approach, “market demand for ZEVs will 
increase and costs will tend to decline faster than they otherwise would.”49


However, CARB’s proposed pooling approach is utterly inconsistent with its 
obligations to maximize in-state emissions reductions and undermines the purported 
efficacy of its ZEV regulations. CARB has repeatedly emphasized that its ZEV sales 
mandate is essential for meeting in-state emissions reductions goals— “Transitioning 
to zero-emission technology for every on- and off-road mobile sector is essential for 
meeting near- and long-term emission reduction goals mandated by statute, with 
regard to both ambient air quality and climate requirements.”50 The pooling program 
sacrifices in-state emissions reductions from ZEV sales and interferes with state 
attainment goals by allowing manufacturers to meet a substantial portion of their 
compliance obligations out of state.51 Many of the Section 177 states where pooling 
would be available are located across the country, where increased ZEV sales would 
have no impact on California’s air quality.52 Out of state sales do nothing to further
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California ambient air quality standards or short- lived climate pollutant reduction 
strategies. [OP-122-4]


Agency Response: Commenter specifically takes issue with the pooling provision of 
section 1962.4(g) and asserts that this provision obstructs CARB from complying with 
its statutory mandates to expeditiously reduce criteria and short-lived climate pollutant 
emissions within the State. CARB disagrees. See the response to comment OP-121-4 
beginning on page 49 of the Responses to Comments on the Draft Environmental 
Analysis as well as the response to comment B-27 in FSOR Appendix C. As explained 
in those responses, the compliance flexibility in the early years of ACC II provided by 
the pooling provision supports maximizing feasible emissions reductions from ACC II 
in the State. Pooling, as adopted in the ACC II ZEV regulation, allows manufacturers to 
manage year to year fluctuations in annual vehicle volumes, especially across different 
states, in the early years of ACC II and still allow for full compliance, while maintaining 
the overall stringency of the regulation. Importantly, and as commenter acknowledges, 
the pooling provision is only an option for excess values in one state if a manufacturer 
faces a shortfall in its annual ZEV requirement in another state, and even so the use of 
pooled values to make up such a shortfall is limited, declines year over year, and will 
be phased out by model year 2031. In order for a manufacturer to take advantage of 
this flexibility, it must over-comply elsewhere; this is most likely to be in states that 
have large market potential, like California. Thus, this flexibility helps reduce 
compliance burdens, ZEV market development, and ultimately improve access. 
Indeed, based on manufacturers’ feedback and CARB’s analysis, the ACC II 
regulations as a whole will maximize feasible, permanent emissions reductions in the 
State from light-duty passenger vehicles (see, e.g., FSOR Appendix F, Chapter VI of 
the ISOR, and Resolution 22-12). Commenter has presented nothing to the contrary 
beyond an unsubstantiated hypothetical (i.e., that manufacturers will significantly 
under-comply with annual ZEV requirements in California and over-comply in other 
states that may adopt ACC II). 


13. Comment: The California Environmental Quality Act ("CEQA") (Pub. Res. Code § 
21000 et seq.) which requires an assessment of ALL reasonably foreseeable direct, 
indirect and cumulative environmental impacts of the regulation. Based on the 
trajectory of vehicular tailpipe emission reductions achieved by 2016 as shown in the 
Figure (above), and ongoing continued fleet-level vehicular efficiencies from 
petroleum, hydrogen, and EV vehicles, and the extremely perverse and racist CARB 
metric of assuming that people and jobs that leave California result in GHG 
"reductions" that address climate change instead of what actually happens (increased 
global GHG from higher per capita states and countries), CARB's CEQA compliance 
failures are staggering in scope.  Construction-phase impacts of massive EV charging 
infrastructure installations, as well as substation and distribution equipment 
improvements required to bring far more power into each home, and transmission and 
generation expansions at an even larger scale, are obvious and clear consequences of 
ACC II implementation that are ignored. The comments filed by The 200 on the Draft 
2022 Scoping Plan, which include detailed CEQA comments and the CEQA violations 
described in the 2017 Scoping Plan lawsuit, are hereby incorporated into this ACC II 
comment letter. (It should be noted that all such comments, inclusive of The 200's 
lawsuits, are already in the possession of CARB and all comments inclusive of copies of
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the lawsuits are included on the CARB 2022 Scoping Plan website, so full re-
transmittal of this content in this ACC II comment letter is not warranted.) [15b-2-24]


Agency Response: This comment was submitted during the Second 15-Day Notice, 
the scope of which was solely additional documents relied upon being added to the 
record. As such, this comment is beyond the scope of the comment period and no 
response is required. Nevertheless, see responses S-15-2-2, S-15-2-3, S-15-2-4, and S-
15-2-5 in the Response to Comments on the Draft Environmental Analysis. Further, 
CARB disputes utilizing any metrics that assume migration out of California results in 
GHG reductions. The calculation methodology for implementing the Sustainable 
Communities and Climate Protection Act (Senate Bill 375, statutes of 2008, chapter 
728) incorporates both VMT and vehicle technologies on a per capita basis, which 
therefore rewards regional growth so long as additional homes or people are 
accommodated in a way that is lower-emitting than the region’s current average. 
Commenter purports to incorporate comments filed on the Draft 2022 Scoping Plan, 
without submitting them to the ACC II docket. Commenter did not explain how any of 
the content purportedly incorporated by reference relate to the ACC II regulations or 
the process by which they were adopted. It is unclear how these materials are 
comments on the ACC II regulations. Because CARB would have to speculate, it is not 
responding further. 


Lack of authority 


14. Comment: CARB lacks authority to promulgate sweeping regulations that would 
exchange our existing transportation system for another, with unintended and far-
reaching consequences across a broad range of environmental, economic, and social 
issues. First and foremost, the ACC II Program is preempted by federal law and is 
impermissible under the California Constitution. Even if allowed, legislative delegation 
has its limits— if CARB wishes to push past these limits, it must return to the 
legislature for additional authorizations. Further, even if the legislature delegated 
transformative regulatory authority to CARB (which it did not), CARB has failed to 
meet the express statutory requirements for exercising such authority. Indeed, if CARB 
evaluated all the economic, technical, and environmental impacts required by statute, 
CARB could not reasonably finalize the ACC II Program. [OP-161-47, incorporated by 
reference into comment OP-97] 


Comment: [I]f climate change requires that the state ignore civil rights, federal and 
state clean air, fair housing, transportation and consumer protection mandates, and 
ignore the administrative law checks and balances that require a thorough 
environmental and economic assessment of regulatory proposals—then this is a 
conclusion that may only be implemented by the Legislature, to the extent it can do so 
consistent with the California and federal Constitutions. [OP-122-8]


Comment: Commenter states it's unlawful to ban ICE technology in this state, because 
ICE technology is necessary to power our vehicles using renewable liquid fuels. The 
very first speaker you had, the lady said that this isn't an emissions standard, it's a 
technology ban. You are banning a technology in favor of your preferred technology. 
That's illegal. It's absolutely illegal and I don't think it's going to fly. [T2-55] 
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Agency Response: CARB did not propose and has not adopted regulations that would 
exchange one transportation system with another, transform the State’s transportation 
system, or ban all conventional vehicles, and so to the extent the commenters are 
making or basing their comments on such proposed system exchange, transformation, 
or ban, the comments are incorrect and beyond the scope of this rulemaking. 


CARB disagrees that the ACC II regulations are preempted by federal law, is 
impermissible under the State Constitution or otherwise illegal, or is in conflict with 
any fair housing, transportation, or consumer protection mandates. Since these 
comments do not provide any explanation regarding these assertions and lack 
specificity, no further response is necessary. Nevertheless, see responses to comments 
C-1 through C-10 above regarding federal preemption, C-11 and C-12 further 
regarding substantive State law requirements, C-15 below regarding due process and 
liberty interests, C-16 and C-17 regarding regulatory takings, and C-25 regarding civil 
rights. 


The ACC II regulations are a valid exercise of authority given to CARB. The California 
Legislature has directed CARB to “systematically attack the serious problem caused by 
motor vehicles, which is the major source of air pollution in many areas of the state.” 
(Health & Saf. Code, § 39003.) Air pollution presents multiple threats to public health 
and welfare, and CARB is mandated to meet those threats in many ways. For instance, 
CARB is responsible for controlling emissions from vehicles (e.g., id., §§ 39002, 39667, 
43018, 43101), for preparing the state implementation plan required by the federal 
Clean Air Act (id., § 39602), and regulating sources, including motor vehicles, of the 
greenhouse gases that are causing global warming (id., §§ 38510, 38560, 38562). 
Indeed, the Legislature directed CARB “to achieve the maximum degree of emission 
reduction possible from vehicular and other mobile sources in order to accomplish the 
attainment of the state [ambient air quality] standards at the earliest practicable date” 
and to “achieve the maximum technologically feasible and cost-effective reductions in 
greenhouse gas emissions in furtherance of achieving the statewide greenhouse gas 
emissions limit.” (Id., §§ 43018, subd. (a), 38562, subd. (a).) And the Legislature 
granted CARB broad authority to act and adopt standards and regulations as needed 
for proper execution of its duties and obligations. (E.g., id., §§ 39600, 39601; see also, 
e.g., id., §§ 38562, 39602.5, 43013; Engine Manufacturers Ass’n v. State Air Resources 
Board (2014) 231 Cal.App.4th 1022, 1037 (“Read together, these statutes [Health & 
Saf. Code, §§ 39003, 39601, 43000, 43000.5, 43013, 43018] grant CARB broad 
authority to adopt regulations . . . designed to reduce air pollution caused by motor 
vehicles as expeditiously as possible . . . .”).) 


The ACC II regulations are the latest iteration in a long history of exercising this 
authority to regulate emissions from passenger cars and trucks, dating back to the 
1960s. Notably, in 1990 CARB adopted an ambitious program to significantly reduce 
the environmental impact of light-duty vehicles through the introduction of the Low-
Emission Vehicle (LEV) regulations. Those regulations, referred to as the “LEV I” 
regulations, included three primary elements: (1) tiers of exhaust emission standards 
for increasingly stringent categories of low-emission vehicles, (2) a mechanism 
requiring each manufacturer to phase in a progressively cleaner mix of vehicles from 
year to year with the option of credit trading, and (3) a requirement that a specified
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percentage of passenger cars and light-duty trucks be ZEVs. In 2012, CARB combined 
LEV regulations for controlling smog-causing pollutants and greenhouse gas emissions 
with ZEV regulations requiring the manufacture of ZEVs into what is now referred to as 
the Advanced Clean Cars (ACC) program for model years 2015 and beyond. The ACC 
II regulations expand the existing requirements to transition to ZEVs for almost all new 
car and light truck sales in California by 2035 while further cleaning up any internal 
combustion-powered passenger vehicles that will continue to be offered for sale. 
Doing so is critical to meeting California’s public health and climate goals and meeting 
State and federal air quality standards, particularly because mobile sources are the 
greatest contributor to emissions of criteria pollutants and GHGs in California. 


CARB further disagrees with the commenters that CARB did not evaluate all the 
economic, technical, and environmental impacts required by statute. CARB conducted 
robust economic, technical, and environmental analyses in accordance with its 
obligations in the Administrative Procedure Act (APA), CEQA, and the Health and 
Safety Code, and CARB’s adoption of ACC II is amply supported by substantial 
evidence in the record. Since this comment does not elaborate on any alleged 
deficiencies, no further response is required. Nevertheless, see responses to 
comments C-18, C-19, C-23, C-32, and C-35 below. 


Due process/liberty interests


15. Comment: Commenter states, “CARB’s ACC II Program centers around achieving 
100% ZEV or PHEV sales in California by model year 2035. This target necessitates the 
complete electrification of the transportation sector, forcing the phase-out of oil and 
gas production and refinery industries. CARB’s attempt to unilaterally ban entire 
industries exceeds its delegated authority under California’s Constitution. 


The California Supreme Court has held that ‘[t]he constitutional guaranties of liberty 
include the privilege of every citizen to freely select those tradesmen [he desires to 
patronize].’ ACC II will intrude on this liberty interest by stripping Californians’ current 
right to choose ICEVs when it bans new ICEV sales and effectively banning 
infrastructure to support these vehicles by forcing the phase-out of related industries 
in California. Under the California Constitution, legislation that impacts a protected 
liberty interest must not ‘be ‘unreasonable, arbitrary or capricious’ but... have ‘a real 
and substantial relation to the object sought to be attained.’


ACC II’s exclusive selection of ZEVs is neither reasonable nor rationally related to 
California’s goal to limit GHG emissions from vehicles. Low-carbon fuels and highly 
efficient ICEVs can achieve the same GHG emissions reductions as ZEVs and on a 
shorter timeline. Low-carbon fuels like renewable diesel, ethanol, and renewable 
gasoline are compatible with existing vehicle infrastructure, from light- to heavy-duty 
long-haul vehicles. These fuels can immediately reduce transportation GHG emissions 
and are not dependent on an electric vehicle infrastructure. Further, when viewed 
from a life cycle perspective, these fuels achieve similar or greater emissions 
reductions and do not impair liberty interests because Californians will retain their 
current options to choose between ICEVs and electric vehicles. As noted above, GHG 
emissions from a light-duty vehicle that runs on soybean-based renewable diesel has
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25% fewer life cycle GHG emissions when compared to an EV, and this percentage is 
even greater for a vehicle that runs on waste-oil-based renewable diesel. 


Because eliminating an entire sector of industry is not rationally related to California’s 
interest in limiting GHG emissions, ACC II impermissibly interferes with liberty 
interests protected under the California Constitution.” [OP-161-46, incorporated by 
reference into comment OP-97] 


Comment: Commenter states, “CARB’s ACC II Program centers around achieving 
100% ZEV or PHEV sales in California by model year 2035. This target necessitates the 
complete electrification of the transportation sector, forcing the phase-out of oil and 
gas production, refining, and most renewable fuel production. Attempting to 
unilaterally ban entire industries would exceed CARB’s authority under California’s 
Constitution and violates due process.


In proposing ACC II, CARB would render obsolete all businesses that operate in 
support of the internal combustion engine. CARB’s stated policy goal is the 
elimination of fossil fuels and renewable transportation fuels. While CARB is not 
directly banning automotive supply, service, and support businesses, its ACC II 
proposal would have the same effect on these businesses as well. Ultimately ACC II 
would eliminate an entire industrial sector by displacing demand for oil production, 
petroleum pipelines and terminals, refineries, ethanol plants, renewable fuels 
production facilities, tanker trucks, oil change shops, and fuel service stations. Such a 
taking interferes with liberty interests protected under the California Constitution.


The California Supreme Court has held that ‘the constitutional guaranties of liberty 
include the privilege of every citizen to select those tradesmen he desires to 
patronize.’ ACC II will intrude on this liberty interest by preventing Californians from 
using ICEVs and effectively banning the infrastructure to support these vehicles. Under 
the California Constitution, substantive due process ‘requires legislation not to be 
‘unreasonable, arbitrary or capricious’ but to have ‘a real and substantial relation to 
the object sought to be attained.’ While California has an interest in limiting GHG 
emissions, ACC II’s arbitrary and exclusive selection of ZEVs is neither necessary nor 
rationally tailored to achieve this goal.


CARB lacks authority to ban oil and gas production and refinery industries because 
ACC II is not rationally related to CARB’s goal of reducing GHG emissions from 
vehicles. Low-carbon fuels and highly efficient ICEVs can achieve comparable GHG 
emissions reductions as ZEVs on a shorter timeline. Low-carbon fuels like renewable 
diesel and ethanol are compatible with existing vehicle infrastructure, from light- to 
heavy-duty long-haul vehicles. These fuels can immediately reduce transportation 
GHG emissions without waiting for the time and expenses it will take to build out EV 
infrastructure. Further, when viewed from a lifecycle perspective, these fuels achieve 
similar or greater emissions reductions without impairing liberty interests. As noted 
above, GHG emissions from a light-duty vehicle that runs on soybean-based 
renewable diesel has 25% less life cycle GHG emissions when compared to an EV, and 
this percentage is even greater for a vehicle that runs on waste-oil-based renewable 
diesel. [OP-141-34]
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Comment: Commenter states that despite the acknowledgement of severe economic 
consequences for labor and businesses, the proposal does not reconcile ACC II with 
the Constitutionally protected rights of California businesses. [T2-1]


Agency Response: These comments fail to specify what constitutional provisions are at 
play. As such, this comment lacks specificity and is beyond the scope of the ACC II 
regulations, so no response is required. In any event, CARB disagrees with the premise 
of these comments—that ACC II will “render obsolete all businesses that operate in 
support of the internal combustion engine.” For one thing, ACC II does not prohibit 
the sale of internal combustion engines in covered vehicles. Indeed, some new plug-in 
hybrid covered vehicles can be sold in California under ACC II, even beyond 2035, and 
those vehicles are expected to contain internal combustion engines. Moreover, ACC II 
does not regulate the used car market or the fleet mix on California’s roads, so CARB 
expects light-duty conventional vehicles to remain on California roads for years after 
some of those vehicles could no longer be sold as new. ACC II also does not affect 
many other applications of internal combustion engines, including other categories of 
new and used motor vehicles and non-road engines and vehicles, nor other oil-
consuming sectors. Indeed, CARB’s analysis shows the gasoline production and 
distribution industries are anticipated only to scale down proportionally to the decline 
in gasoline demand from the passenger vehicle fleet (a reduction in output by about 
13% by 2040 and about a 15% reduction in jobs, as described in the SRIA and Final 
Economic Impact Statement, Form 399 Attachment). The commenters’ premise that 
ACC II will eliminate the need for businesses to support ICEs is factually incorrect. And 
because that premise is the crux of the commenters’ legal arguments, those 
arguments fail. 


CARB further notes that commenters provided no support for their arguments. They 
cite to New Method Laundry Co. v. MacCann (1916) 174 Cal. 26, but that case dealt 
with fair competition and trade secrets between a laundry business and a former 
employee that subsequently went to work for a rival laundry business. Nothing in that 
decision prohibits the State from limiting (or even prohibiting) the sale of products the 
State has determined are harmful. With respect to “taking[s]”, see responses to 
comments C-16 and C-17 below. 


Indeed, neither individuals nor businesses have a right to pollute or engage in actions 
that harm others and substantially threaten the public health and welfare, and such 
activities are subject to governmental restriction. (E.g., Huron Portland Cement Co. v. 
Detroit (1960) 362 U.S. 440, 442 [“Legislation designed to free from pollution the very 
air that people breathe clearly falls within the exercise of even the most traditional 
concept of what is compendiously known as the police power.”]; Western Indem. Co. 
v. Pillsbury (1915) 170 Cal. 686, 694.) As California has long recognized, and as the 
record here demonstrates, motor vehicle emissions pose a substantial threat to public 
health and welfare because of their criteria, GHG, and air toxic components. Notably, 
the commenters do not address criteria or air toxic pollution at all, which are 
foundational objectives to the rulemaking. The ACC II regulations, with tighter ZEV 
and LEV requirements, are demonstrably a reasonable and justifiable option to 
achieve, and will directly help achieve, California’s goals of limiting criteria, GHG, and 
air toxic emissions from passenger vehicles. 
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CARB did consider a low-carbon fuel alternative but rejected this alternative. See 
Master Responses 3 and 4 in the Response to Comments on the Draft Environmental 
Analysis. Notably, light-duty BEVs and FCEVs, when using grid electricity in California 
or renewably generated fuel, provide larger GHG reductions than conventional 
vehicles using low-carbon fuels, and liquid biofuel alternatives would not reduce air 
toxic emissions or vehicle NOx to the degree needed to meet the national ambient air 
quality standards, as ZEVs would. 


Lastly, CARB considered the economic impacts of the ACC II regulations on labor, 
employment, and businesses in California. (See FSOR Appendix F; Section X of the 
ISOR; SRIA and Form 399 Attachment, Proposed Amendments to the Low-Emission, 
Zero-Emission, and Associated Vehicle Regulations.) The ACC II regulations do not 
unlawfully impinge on the constitutional rights of businesses. 


Regulatory taking


16. Comment: The commenter states “CARB cannot deprive California businesses of 
vested rights or commit an unconstitutional taking. ACC II raises significant concerns 
over the vested economic interests of a variety of California businesses. California 
courts have held that businesses have ‘the right to continue operating an established 
business in which he has made a substantial investment.’ ACC II would deprive a 
multitude of established large and small businesses of this right… 


Here, the ACC II Program has the goal of limiting all vehicles sales to ZEVs and even 
establishes a timeline for ICEV extinction in order to eliminate use of fossil and 
renewable fuels for transportation. CARB acknowledges this outcome, as it expressly 
accounts for the ‘displacement of fossil fuel extraction, refinement, manufacture, 
distribution, and combustion’ in the rulemaking support package. Notwithstanding 
efforts to diminish the devastating impact this would have on employees and small 
business owners by alluding to a ‘just transition,’ it is evident that the proposed ACC II 
rule would foreclose opportunities for numerous large and small businesses that have 
lawfully operated within in the state of California for decades and have invested 
heavily in their operations within the state. The shutting down of these businesses will 
have a potentially massive economic impact and therefore represents an 
unconstitutional deprivation of vested rights under California law as well as an 
unconstitutional taking under the U.S. Constitution. The shutting down of these 
businesses will have a potentially massive economic impact and therefore represents 
an unconstitutional deprivation of vested rights under California law as well as an 
unconstitutional taking under the U.S. Constitution.” [OP-141-35]


Comment: The commenter states “CARB’s plan to eventually phase out the sales of all 
ICEVs constitutes a regulatory taking. A regulatory taking occurs when a policy 
‘substantially interferes with the ability of a property owner to make economically 
viable use of, derive income from, or satisfy reasonable, investment-backed profit 
expectations with respect to the property.’ Jefferson St. Ventures, LLC v. City of Indio, 
236 Cal. App. 4th 1175, 1193–94. 


The Associations’ members have invested substantial amounts of money in making 
their oil facilities safe and productive, and therefore, have significant investment-
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backed expectations with respect to their properties, at least some of which may be 
forced to close as a result of CARB’s electric vehicle mandate. California landowners 
also would be harmed. Landowners across the state receive royalties from renting 
their land to companies. Policies that shut down oil facilities would prevent companies 
and California landowners from realizing these investment-backed expectations. Thus, 
such policies would constitute a regulatory taking based on their substantial 
interference with these expectations, and the state would be obligated to provide just 
compensation for companies’ and landowners’ losses.


Therefore, as CARB considers the potential costs of policies that would shut down oil 
facilities, it should—at a minimum—account for the estimated costs of just 
compensation for the loss of property use and investment-backed expectations that 
would inevitably result.” [OP-161-67, p. A-24., incorporated by reference into 
comment OP-97] 


Agency Response: CARB did not propose or adopt an elimination of conventional 
vehicles or an electric vehicle mandate, and did not propose or adopt shutting down 
oil facilities, so to the extent commenters are making or basing their comments on 
such a phase out, mandate, or shut down, the comments are beyond the scope of this 
rulemaking. 


CARB disagrees that the ACC II regulations will preclude operation of any lawful 
business or substantially interfere with the ability of any property owners to make 
economically viable use of, derive income from, or satisfy reasonable, investment-
backed profit expectations with respect to their property. Notably, neither individuals 
nor businesses have a right to pollute or engage in actions that harm others and 
substantially threaten the health public health and welfare. Such activities are subject 
to governmental restriction. (Huron Portland Cement Co. v. Detroit (1960) 362 U.S. 
440, 80 S.Ct. 813, 815, 4 L.Ed.2d 852, 855 [“Legislation designed to free from 
pollution the very air that people breathe clearly falls within the exercise of even the 
most traditional concept of what is compendiously known as the police power”]; 
Western Indem. Co. v. Pillsbury (1915) 170 Cal. 686, 694.) With respect to parties 
directly regulated, vehicle manufacturers may continue to manufacture vehicles so 
long as they meet the emission standards, including for vehicles that do not emit 
exhaust or evaporative on-board pollution. And parties indirectly affected by the 
regulations are not precluded by the regulations from conducting any lawful business. 
While markets for certain indirectly affected businesses may change, leading some 
market participants to change or eliminate their activities, such responses are not 
compelled by the regulations. 


CARB considered the potential economic impacts of its proposal. The regulations do 
not substantially interfere with refinery options in a manner as to require these 
facilities in California, many of which have been operating for years, to close. Markets 
remain elsewhere for the products of refineries. As described in the SRIA and Final 
Economic Impact Statement, Form 399 Attachment, for the ACC II regulations, the 
petroleum and coal products manufacturing sector is predicted to experience a 
reduction in growth by about 13% by 2040 and about 15% of jobs because of the 
regulations. (Form 399 Att., Table 6, p. 11; SRIA, p. 122.) This is not a substantial 
deprivation of the ability of owners of existing property in the petroleum industry to
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make economically viable use of their property, derive income from it, or realize 
investment-backed profits from the property.  


17. Comment: The commenter states “Likewise, the proposed ACC II program seeks to 
displace the entire renewable fuel industry in favor of electrification. Not only have 
renewable fuels businesses been conducting operations within the state, but the state 
and CARB have actively encouraged substantial investment and growth of such 
businesses in recent years through the LCFS. It would be an unconstitutional 
deprivation of their vested rights and unconstitutional taking of the substantial and 
unrealized investments made in response to the RFS and LCFS, as well as of the 
industry’s overall growth potential, to now drastically minimize and ultimately 
eliminate such businesses altogether.” [OP-141-36]


Agency Response: Commenter is mistaken. The ACC II regulations are not expected 
to displace the entire renewable fuel industry. The renewable fuel industry has 
multiple viable avenues to operate and is expected to do so. Refer to Master 
Response 3 on page 16 of the Response to Comments on the Draft Environmental 
Analysis for a discussion of renewable fuel needs in heavier mobile source sectors 
(aviation, heavy duty trucks, rail, and ocean-going vessels). 


Further, the purpose of the ACC II regulations is to reduce and eliminate passenger 
vehicle exhaust emissions, not displace the entire renewable fuel industry. 
Electrification, which presumably as used in the comments means through BEVs, is not 
required. The ACC regulations allow use of other known zero-emission technologies 
(FCEVs) and a defined percentage of PHEVs as a share of a manufacturer’s deliveries 
for sale, and do not preclude development of other zero-emission technologies, 
including any that do not use electrification or batteries (although none are known to 
be under development at this time). 


The commenter cites Mobil Oil Corp. v. Superior Court (1976) 59 Cal.App.3d 293 at 
page 305 to support its assertion that CARB may not adopt regulations that may 
reduce the market for renewable fuels. But as the quoted passage shows, even this 
supports the ACC II regulations by recognizing that the right to clean air outweighs 
any “right” to pollute where a regulation does not “effectively drive the Oil 
Companies out of business [but a]t most … puts an economic burden on them 
increasing the cost….” The record does not establish that the ACC II regulations will 
drive renewable fuel producers out of business or force them to close, nor does the 
commenter provide any such evidence beyond speculation.  


Economic and feasibility analysis 


18. Comment: Commenter states “CARB must perform a complete and sufficient 
assessment of economic impacts resulting from rapid electrification of the 
transportation sector. The provisions of the California Administrative Procedures Act 
(APA) and the California Health & Safety Code (HSC), and their implementing 
regulations, that govern CARB’s regulatory authority require CARB to consider the 
economic impacts associated with any rulemaking proposal. These also require CARB 
to consider potential impacts to California’s workers, businesses, and greater 
economy. CARB claims these provisions as authorizing ACC II, yet fails to comply with
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the provisions’ mandates to conduct a robust economic analysis. [Commenter 
specifically cites to [Administrative Procedures Act] APA §§ 11346.3, 11346.5(a)(7), 
11346.5(a)(7)(A), and H&SC §§ 38562(b)(8), 43101, 43018.5, 57005.] While the ISOR is 
a preliminary assessment, it still must take into account fact-based analyses based on 
information and impacts currently known to CARB. Importantly, CARB’s analysis 
cannot ‘ignore evidence of impacts to specific segments of businesses already doing 
business in California.’ As a recent decision emphasized, ‘[i]f the Board’s proposed 
regulatory amendments place[s] the state’s thumb on the scale for one group of in-
state businesses over another, it need[s] to consider that impact.’” [OP-161-48, pp. A-
1 – A-2, incorporated by reference into comment OP-97] 


Comment: Commenter states “CARB’s limited assessment of economic impacts 
resulting from the forced electrification of the transportation sector fails to meet 
applicable legal standards requiring comprehensive assessment of economic impacts, 
resulting in an ISOR that underestimates the impacts of this unprecedented action. 
There are various provisions of the California Administrative Procedures Act (“APA”) 
and the California Health & Safety Code (“HSC”) that require CARB to consider the 
economic impacts associated with any rulemaking proposal. Together, these 
provisions establish a broad requirement for CARB to consider potential impacts to 
California’s workers, businesses, and greater economy. CARB cites to many of these 
provisions in its ACC II ISOR as governing authority for CARB’s proposed rulemaking, 
but fails to comply with their mandates by conducting an insufficient economic 
analysis. [Commenter specifically cites to APA §§ 11346.3, 11346.5(a)(7), 
11346.5(a)(7)(A), and H&SC §§ 38562(b)(8), 43101, 43018.5, 57005.] While the ISOR is 
a preliminary assessment, this assessment must still take into account fact-based 
analysis based on information and impacts currently known to CARB. Importantly, this 
analysis cannot ‘ignore evidence of impacts to specific segments of businesses already 
doing business in California’— as a recent decision emphasized, ‘[i]f the Board’s 
proposed regulatory amendments place the state’s thumb on the scale for one group 
of in-state businesses over another, it need[s] to consider that impact.’ CARB notes in 
its ISOR that ‘[t]he Executive Officer has made an initial determination that the 
proposed regulatory action would not have a significant statewide adverse economic 
impact directly affecting businesses, including the ability of California businesses to 
compete with businesses in other state, or on representative private persons.’ This 
conclusion is not supported by fact-based analysis and overlooks key impacts 
stemming from the electrification of the transportation sector.” [OP-141-30]


Agency Response: CARB disagrees with the comment and met its obligations under 
the law, including the APA and the California Health and Safety Code, to assess the 
economic impacts of the ACC II regulations based on the totality of the evidence in 
the record before it. These assessments are contained in the SRIA, Economic Impact 
Statement, and supporting documents and appendices. CARB’s analyses assessed the 
factors cited in the comment regarding the creation of jobs, creation of new 
businesses or elimination of existing businesses, expansion of businesses, ability of 
business to compete with business in other states, ability of state to attract and 
maintain business in communities with exposure to high levels of air pollution and with 
minority and low-income populations, automobile workers, and the benefits of the 
regulation to residents, worker safety, and the environment. 
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CARB disagrees with the comment and analyzed the impact of the ACC II regulations 
on demand for liquid fuels. The comment OP-161, at p. A-3, fn. 14, presents a 
scenario where the proposed regulation begins to be implemented, resulting in 
closure of petroleum refineries, but then is subsequently withdrawn, purportedly 
because of a hypothetical failure or infeasibility, creating a situation where demand for 
liquid petroleum fuel remains or increase but is not capable of being met. 


CARB is not required to analyze this alternative for several reasons. CARB is not 
required to analyze every possible circumstance among an infinite spectrum; CARB 
must consider reasonable alternatives. (See Gov. Code, § 11346.2, subd. (b)(4); Cal. 
Code Regs., tit. 14, § 15126.6.) This alternative is not amongst the reasonable. It is, in 
essence, a different proposal under different starting circumstances and one that does 
not meet the objectives of the regulation. Based on the evidence in the record, it is 
not likely to occur. The technological and economic feasibility of the ACC II 
regulations is well established. CARB is not required to analyze the potential impacts 
of failures of its proposed regulation or changes to its proposed regulations. The 
evidence did not show that refineries would shutter completely leading to a lack of 
petroleum fuels for the conventional vehicles that will remain on California’s roads for 
decades to come, continuing to provide significant market demand for fuel, in 
addition to remaining demand in other sectors of the economy and outside California. 


CARB separately responded to the portions of the comments quoted above regarding 
impacts to the petroleum industry and potential leakage of emissions as part of a 
lifecycle analysis of the impacts of the ACC II regulations on GHG emissions. (See the 
comment OP-161 at pp. A-1 and A-3.) CARB responded to the leakage comments in 
D-6 below, under Emission Impacts. CARB responded to the comments on impacts to 
the petroleum industry in responses to comments C-16 above and E-55 below. 


19. Comment: The commenter states, “Similar to economic impacts, the APA and HSC 
mandate that CARB consider the technological feasibility of proposed motor vehicle 
standards. CARB’s interpretation of this requirement is overly narrow because it 
focuses only on whether a manufacturer has the technology to provide an electric 
vehicle. It fails to consider whether manufacturers have the resources (including critical 
and rare earth minerals) to shift to rapidly producing electric vehicles and whether 
there is a reliable supply of electricity to fuel them.” Commenter specifically cites to 
H&SC §§ 38560, 38562, 39602.5, 43013, 43018, 43018.5, and 43101. [OP-161-58, pp. 
A-9 – A-12, incorporated by reference into comment OP-97]


Comment: CARB must perform a complete and sufficient assessment of the 
technological feasibility of the ACC II ZEV mandates including but not limited to the 
assessment of mineral resource availability, impacts to the California electric grid, 
application of ZEVs to long-distance use cases. CARB must also consider consumer 
behavior and acceptance rates for ZEV, which is critical to evaluating achievability of 
the ACC II proposal. [OP-161-39, incorporated by reference into comment OP-97]


Agency Response: Commenter is mistaken and the comment itself concedes the 
factual flaw in its premise. Technological feasibility is just that: whether the technology 
is available to meet the proposed standard. The other considerations raised by the 
commenter are not technological, but comprise other considerations such as
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practicality, supply of commodities, and grid reliability. CARB met its obligation to 
consider the technological feasibility of the ACC II regulations. 


Moreover, CARB met its obligation to assess the potential economic impacts of its 
proposed regulations, including by considering the additional, non-technological 
factors identified above, and is not required to ensure there will be no economic 
impacts. Even if manufacturers are unable to produce and sell as many vehicles under 
the proposed regulations as they would otherwise in the absence of the regulations, 
for any reason, that is not a legal bar. Nevertheless, CARB’s analysis shows that 
manufacturers will be able to continue producing vehicles in quantities comparable to 
past performance and market demand and the record before CARB does not establish 
there will be a significant change in market demand that must be analyzed.  


The comment specifically asserted a potential shortage of materials necessary for 
traction batteries. CARB considered the availability of these resources and efforts to 
increase their supply and reuse. (See ISOR, pp. 85-87; Response to Comments on the 
Draft Environmental Analysis, p. 15.)24 The comment did not cite any other constraints 
on vehicle manufacturers due to the ACC II regulations on their ability to remain in 
business. Although the comment asserts CARB should “further explore whether 
vehicle manufacturers are likely to possess adequate resources to adapt to [the ACC II 
regulations,” CARB is not required to conduct a holistic analysis of the viability of the 
regulated industry to manufacture its products. CARB met its obligations to analyze 
the impacts of the ACC II regulations. 


CARB’s analysis also considers the potential impacts of the proposed regulation on 
the state’s electricity system. CARB projects the ACC II regulations will lead to about 
12 million battery-electric vehicles cumulatively by 2035 and the Western electrical 
grid can handle twice that without new plants. California’s state agencies and electric 
utilities are planning to meet the projected need for electricity in California from ZEVs 
and other uses. See, for example:


· ACC II ISOR (ca.gov), pp 26-54, and cited documents;


· Final Environmental Analysis for the Advanced Clean Car II Program, pp. 45-49, 
97-99, 139-140; 


24 See also 15-Day Notice, Att. O, Climate Adaptation Platform. February 22, 2022, accessed June 16, 2022, 
https://climateadaptationplatform.com/sustainable-extraction-of-lithium/; University of Texas at Austin. 
ScienceDaily - New way to pull lithium from water could increase supply, efficiency, September 8, 2021, 
accessed June 16, 2022, https://www.sciencedaily.com/releases/2021/09/210908180556.htm; CalEPA 2022, 
California Environmental Protection Agency, Lithium-Ion Car Battery Recycling Advisory Group Final Report, 
March 16, 2022, Accessed June 16, 2022, https://calepa.ca.gov/wp-content/uploads/sites/6/2022/05/2022_AB-
2832_Lithium-Ion-Car-Battery-Recycling-Advisory-Goup-Final-Report.pdf; Second 15-Day Notice, Ford 2022b, 
Ford Releases New Battery Capacity Plan, Raw Materials Details to Scale EVs; On Track to Ramp to 600k Run 
Rate By ’23 and 2m+ by ’26, Leveraging Global Relationships, July 21, 2022, accessed August 8, 2022, 
https://media.ford.com/content/fordmedia/fna/us/en/news/2022/07/21/ford-batterycapacity-raw-materials-
scale-evs.html.



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2Fbarcu%2Fregact%2F2022%2Faccii%2Fisor.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7C2a0d16163bdf4d1ac20508da8c48da3a%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C1%7C637976541795176236%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Pr4dJuw82LBW5uvSqq%2B2Wi7YL00B%2F5UbIasengelGzc%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2Fbarcu%2Fregact%2F2022%2Faccii%2Facciifinalea.docx&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7C2a0d16163bdf4d1ac20508da8c48da3a%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C1%7C637976541795176236%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=jZmXKdo92Odbf%2F%2B%2BVYb49n4Wh1fFRsowCAQp%2Bj%2BSNks%3D&reserved=0

https://climateadaptationplatform.com/sustainable-extraction-of-lithium/

https://www.sciencedaily.com/releases/2021/09/210908180556.htm

https://calepa.ca.gov/wp-content/uploads/sites/6/2022/05/2022_AB-2832_Lithium-Ion-Car-Battery-Recycling-Advisory-Goup-Final-Report.pdf

https://calepa.ca.gov/wp-content/uploads/sites/6/2022/05/2022_AB-2832_Lithium-Ion-Car-Battery-Recycling-Advisory-Goup-Final-Report.pdf

https://media.ford.com/content/fordmedia/fna/us/en/news/2022/07/21/ford-battery-capacity-raw-materials-scale-evs.html

https://media.ford.com/content/fordmedia/fna/us/en/news/2022/07/21/ford-battery-capacity-raw-materials-scale-evs.html
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· ACC II RTC Document (ca.gov), pp. 6-13, and cited documents; 


· Notice of Public Availibility [sic], Attachment O, CAISO 2022, California ISO 20-
year Transmission Outlook, http://www.caiso.com/InitiativeDocuments/20-
YearTransmissionOutlook-May2022.pdf; 


· Notice of Public Availibility [sic], Attachment O, CEC 2022. Lopez, Thanh and 
Madison Jarvis. 2022. Draft Zero-Emission Vehicle Infrastructure Plan (ZIP). 
California Energy Commission. Publication Number: CEC-600- 2022-054. April. 
https://www.energy.ca.gov/sites/default/files/2022-04/CEC-600-2022-054.pdf.


· Notice of Public Availibility [sic], Attachment O, CEC 2018. Mahone, Amber, 
Zachary Subin, Jenya Kahn-Lang, Douglas Allen, Vivian Li, Gerrit De Moor, 
Nancy Ryan, and Snuller Price. 2018. Deep Decarbonization in a High 
Renewables Future: Updated Results from the California PATHWAYS Model. 
California Energy Commission. Publication Number: CEC-500-2018-012, Final 
Project Report, Deep Decarbonization in a High Renewables Future; see pp. 29-
30.


· Draft 2022 Scoping Plan Update, released May 10, 2022, that describes 
scenarios that include 100% ZEV sales for passenger vehicles by 2035, and puts 
the results in the context of the full electric grid. 2022 Scoping Plan Documents 
| California Air Resources Board. 


CARB’s analyses considered the potential need for ZEV infrastructure. See, for 
example:


· ACC II ISOR (ca.gov), pp 26-54, and cited documents;


· ACC II RTC Document (ca.gov), pp. 6-13, and cited documents; 


· Final Environmental Analysis for the Advanced Clean Car II Program, pp. 40, et 
seq., 51-53, 97-99, 139-140, 148; 


· Notice of Public Availibility [sic], Attachment O, CEC 2022. Lopez, Thanh and 
Madison Jarvis. 2022. Draft Zero-Emission Vehicle Infrastructure Plan (ZIP). 
California Energy Commission. Publication Number: CEC-600- 2022-054. April. 
https://www.energy.ca.gov/sites/default/files/2022-04/CEC-600-2022-054.pdf.


And see ISOR Appendix G, pages 9-18, which discusses all the currently available and 
anticipated models and electric ranges for those models. 


20. Comment: To help protect low-income communities from unaffordable mitigation 
measures, the legislature was clear in their direction to CARB when they passed AB 
398 with a two-thirds vote in both the Senate and the Assembly, that achieving carbon 
reductions should be done in a cost-effective manner. CARB is required to consider 
emissions reduction strategies that will “achieve the maximum technologically feasible 
and cost-effective reductions in greenhouse gas emissions in furtherance of achieving 
the statewide greenhouse gas emissions limit.” [OP-122-22]



https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2Fbarcu%2Fregact%2F2022%2Faccii%2Facciirtc1.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7C2a0d16163bdf4d1ac20508da8c48da3a%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C1%7C637976541795176236%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=rfeDwivWpEB6BncZFFuE4yUaDPhdbVDfHekZJrDSdpQ%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fsites%2Fdefault%2Ffiles%2Fbarcu%2Fregact%2F2022%2Faccii%2F15daynotice.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7C2a0d16163bdf4d1ac20508da8c48da3a%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C1%7C637976541795176236%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=a4MXibtOpWDz36ZhUkD8lSxJQpMc5YcrcnW2dXnWNk8%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.caiso.com%2FInitiativeDocuments%2F20-YearTransmissionOutlook-May2022.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7C2a0d16163bdf4d1ac20508da8c48da3a%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C1%7C637976541795176236%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=3QxvKkDl2oEIudgqjRNLWdLs%2FqMXYVXWzBK6U1%2BzP3U%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.caiso.com%2FInitiativeDocuments%2F20-YearTransmissionOutlook-May2022.pdf&data=05%7C01%7CPippin.Brehler%40arb.ca.gov%7C2a0d16163bdf4d1ac20508da8c48da3a%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C1%7C637976541795176236%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=3QxvKkDl2oEIudgqjRNLWdLs%2FqMXYVXWzBK6U1%2BzP3U%3D&reserved=0
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Agency Response: The commenter asserts the ACC II regulations are not cost-
effective but did not elaborate further. This comment lacks specificity and therefore 
CARB is not required to respond. However, CARB found in Resolution 22-12, at pages 
13 and 16, that the ACC II regulations are cost-effective, as demonstrated in the 
Standardized Regulatory Impact Analysis at page 98, the Form 399 Attachment, 
Proposed Amendments to the Low-Emission, Zero-Emission, and Associated Vehicle 
Regulations, at page 62, and the ISOR at pages 180-181.   


21. Comment: Similarly, for all rulemakings, CARB is required to consider a reasonable 
range of alternatives, including “alternatives that are proposed as less burdensome 
and equally effective in achieving the purposes of the regulation in a manner that 
ensures full compliance with the authorizing statute or other law being implemented 
or made specific by the proposed regulation.” California Environmental Quality Act 
(CEQA) Guidelines also specify that CARB must consider a reasonable range of 
alternatives, which “shall include those that could feasibly accomplish most of the 
basic objectives of the project and could avoid or substantially lessen one or more of 
the significant effects.” CARB is further required under AB 32 to “evaluate the total 
potential costs and total potential economic and noneconomic benefits of the plan for 
reducing greenhouse gases to California’s economy, environment, and public health” 
and “update its plan for achieving the maximum technologically feasible and cost-
effective reductions of greenhouse gas emissions”. Rather than living up to these 
statutory mandates, the ACC II program allows millions of dollars in legacy technology 
and infrastructure to go to waste while seeking to eliminate affordable alternatives 
that offer substantial opportunities for more cost-effective GHG emission reductions 
that work in the current vehicle fleet. [OP-122-1]


Comment: CARB is required to consider emissions reduction strategies that will 
“achieve the maximum technologically feasible and cost-effective reductions in 
greenhouse gas emissions in furtherance of achieving the statewide greenhouse gas 
emissions limit.”36 Similarly, for all rulemakings, CARB is required to consider a 
reasonable range of alternatives, including “alternatives that are proposed as less 
burdensome and equally effective in achieving the purposes of the regulation in a 
manner that ensures full compliance with the authorizing statute or other law being 
implemented or made specific by the proposed regulation.”37 California 
Environmental Quality Act (CEQA) Guidelines also specify that CARB must consider a 
reasonable range of alternatives, which “shall include those that could feasibly 
accomplish most of the basic objectives of the project and could avoid or substantially 
lessen one or more of the significant effects.”38 California is required under AB 32 to 
“evaluate the total potential costs and total potential economic and noneconomic 
benefits of the plan for reducing greenhouse gases to California’s economy, 
environment, and public health” and “update its plan for achieving the maximum 
technologically feasible and cost-effective reductions of greenhouse gas emissions”.39 
Rather than living up to the statutory mandate, ACC II allows millions of dollars in 
legacy technology and infrastructure to go to waste while seeking to eliminate 
affordable alternatives that offer substantial opportunities for more cost-effective 
greenhouse gas emission reductions that work in the current vehicle fleet. In order to 
truly prioritize low-income communities—instead of just merely “considering” them—
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CARB should refrain from finalizing its proposed regulation until the state has enacted 
the protections these communities need and deserve. [OP-122-3]


Agency Response: The comments under CEQA are addressed in the Response to 
Comments on the Draft Environmental Analysis. See Master Response 3 and the 
response to OP-121-3 on pages 16 and 47, respectively, of the Response to 
Comments. The obligation to evaluate total costs and benefits of the plan to reduce 
GHG emissions under AB 32 in Health and Safety Code section 38561 are in relation 
to the Scoping Plan, which is a separate proceeding and outside the scope of the ACC 
II regulations. Nevertheless, CARB disagrees that it failed to consider alternatives or 
that the ACC II regulations will result in waste. CARB evaluated and rejected several 
alternatives that would not meet the objectives of the ACC II regulations or that would 
be more burdensome, less effective, or more costly. While the ACC II regulations are 
expected to impose costs and negatively impact some businesses and employment, 
the economic analyses do not show that any businesses will be eliminated (see Form 
399 Attachment, Proposed Amendments to the Low-Emission, Zero-Emission, and 
Associated Vehicle Regulations, p. 10) and that the benefits far outweigh the costs. 


See also response to comment A-34 above regarding prioritizing low-income 
communities. 


22. Comment: CARB has entirely failed to account for substantial economic impacts to 
individuals in general and to vulnerable communities in particular stemming from 
accelerated electrification. CARB’s failure to do so is a violation of the foregoing 
authorities and additionally demonstrates that its assessment is arbitrary and 
capricious. [OP-122-23]


Agency Response: The commenter is mistaken that CARB did not analyze potential 
economic impacts on individuals and communities in California. CARB’s analyses show 
that individuals and communities will benefit from reduced air pollution and total cost 
of vehicle ownership. (See FSOR Appendix F, Form 399 Attachment, Proposed 
Amendments to the Low-Emission, Zero-Emission, and Associated Vehicle 
Regulations, pp. 50-52 [health benefits, including for communities near roadways]; 38-
40 [total cost of ownership for individuals].)  Staff evaluated vehicle ownership cases in 
the TCO analysis where a BEV owner could not install a home charger. In those cases, 
the vehicle owner still sees cost savings soon after purchasing the vehicle, accounting 
for higher public charging electricity prices. See response to comment A-20 above for 
more information on the TCO analysis as well as for significant investments being 
made to increase access to ZEV infrastructure across the State. 


CARB also included in the ACC II regulations several incentives in section 1962.4, 
under the Environmental Justice Value provisions, for manufacturers to increase access 
by low-income communities to new ZEVs. These are in addition to the overall effect of 
increased ZEV sales of creating a robust secondary market for access to used vehicles.


23. Comment: CARB must incorporate life cycle emissions from ZEV in evaluating the 
proposed ACC II regulation. 


CARB has failed to analyze the full life cycle impacts of ZEVs, which precludes a true 
technology-neutral comparison and overestimates ACC II GHG reductions…CARB has
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not quantified vehicle cycle emissions in the ACC II ISOR. They must be included due 
to the large differences in these emissions between ZEVs and internal combustion 
engine vehicles (ICEVs)...[T]he Ramboll LDA Study found that the vehicle cycle 
emissions for a model year 2026 BEV could be ~167% higher than an ICEV. 


CARB has performed no life cycle emissions analysis for ZEVs and thereby failed to 
adequately meet the requirements of HSC Sections 43018.5 and 57005 (see Comment 
A.1.3 in Attachment A for further details). Highly efficient low emission vehicles, which 
impose significantly fewer infrastructure expenses, will achieve substantial GHG 
emissions reductions on a faster timeline. 


CARB must, therefore, update its emission analysis to include the full life cycle of the 
vehicle/fuel technologies included in the ACC II proposal, to understand and present 
the actual implications of the regulation for public review and comment, as required 
by law. [OP-161-42, pp. 5-7, A-8 – A-9, incorporated by reference into comment OP-
97] 


Agency Response: CARB did assess the lifecycle emissions impacts of the ACC II 
regulations. See Response to Comments on the Draft Environmental Analysis, Master 
Response 4: Lifecycle Emissions Modeling, p. 18. Even if the lifecycle GHG emissions 
of the ACC II regulations did not support adoption, the beneficial reductions in criteria 
and toxic pollutant emissions does. An alternative that does not require increasing 
percentages of vehicles that do not emit pollutants from combustion of liquid fuels or 
evaporative emissions from their fuel systems does not meet the objectives of the 
regulation and was properly rejected. 


Equity and Disparate Impacts


24. Comment: CARB is required, pursuant to HSC § 43018.5(c)(2)(E), to consider “[t]he 
ability of the state to maintain and attract businesses in communities with the most 
significant exposure to air contaminants, localized air contaminants, or both, including, 
but not limited to, communities with minority populations or low-income populations, 
or both.” CARB has failed to comply with this statutory mandate, as it has not 
considered how low-income communities in particular would be affected by this lost 
business. [OP-122-21]


Agency Response: CARB disagrees. Health and Safety Code section 43018.5, enacted 
by AB 1493 (Pavley, Stats. 2002, Chap. 200), was directed at GHG standards—that is, 
what are now CARB’s LEV GHG standards in 13 CCR 1961.1 and 1961.3. While ZEVs 
do reduce GHGs, they also reduce other pollutants, namely criteria pollutants and air 
toxics. CARB has consistently relied on ZEVs for comprehensive emission reductions.
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Accordingly, CARB considered the factors identified in the statute when it adopted its 
GHG emission standards.25


In any event, CARB did consider the impacts on the types of communities described in 
section 43018.5(c)(2)(E), including effects on businesses. As explained in the response 
to comment A-32 above, CARB engaged in extensive outreach and consulted 
communities about the future of zero-emission transportation, what is being done to 
make ZEV technologies more accessible, and suggestions these communities have for 
making the transition to zero-emission transportation more equitable. And CARB 
considered the potential effects of the ACC II regulations on the creation or 
elimination of businesses across California and its economy, including the communities 
with the most significant exposures. (See, e.g., Form 399 Attachment Proposed 
Amendments to the Low-Emission, Zero-Emission, and Associated Vehicle 
Regulations, pp. 9-14.) Based on CARB’s analysis, ACC II is expected to have little 
harm on business retention and little effect on the ability of California businesses to 
compete with business outside California almost regardless of community type. The 
most likely exception may be gasoline station operators in low-income communities, 
as noted in the jobs analysis in the SRIA. However, the analysis does not include the 
ways in which these stations may adapt to an increasing fleet of ZEVs by installing 
charging or hydrogen stations, which could mitigate some of the job losses. 
Additionally, these stations may continue to remain financially viable by offering non-
fuel products as they do now, such as convenience foods. 


For an even finer point, staff looked at Dun and Bradstreet Market Insight to identify 
business sites in California corresponding to the following North American Industrial 
Classification System (NAICS) codes, which correspond to the majority of directly and 
secondarily impacted industries in California: electrical equipment manufacturing 
(33531), general automotive repair (811111), specialized automotive repair (811114), 
automotive glass replacement shops (811122), automotive oil change and lubrication 
shops (811191), all other automotive repair and maintenance (811198), petroleum 
refineries (324110), petroleum lubricating oil and grease manufacturing (324191), all 
other petroleum and coal products manufacturing (324199), gasoline stations (457110, 
457120), petroleum wholesalers (424710, 424720), crude petroleum extraction 
(211120), electric power generation, transmission and distribution (2211), and 
industrial gas manufacturing (32512). The Dun and Bradstreet data indicate that there 
are approximately 63,000 business sites located in California under these industry 
classifications. Note that this number identifies all business sites with these given 
industry classification codes and that some business sites identified may not be 
directly or secondarily impacted. 


25 See CARB, Staff Report: Initial Statement of Reasons for Proposed Rulemaking, Public Hearing to Consider 
Adoption of Regulations to Control Greenhouse Gas Emissions from Motor Vehicles, Aug 6, 2004, p. 150, et 
seq, Rulemaking: 2004-09-23 ISOR Public Hearing to Consider Adoption of Regulations to Control Greenhouse 
Gas Emissions from Motor Vehicles (ca.gov); CARB, Staff Report: ISOR for LEV III GHG and criteria pollutant 
amendments, Dec. 7, 2011, CARB Document: https://www.arb.ca.gov/regact/2012/leviiighg2012/levisor.pdf. 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/grnhsgas/isor.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/grnhsgas/isor.pdf

https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2012/leviiighg2012/levisor.pdf
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The Dun and Bradstreet data was merged with CalEnviroScreen 4.0 data to identify 
which businesses sites are located within a zip code that contains a disadvantaged 
community (DAC) as identified pursuant to Health and Safety Code section 39711.26


Zip codes that contain DACs include approximately 49% of California‘s population.27


The table below summarizes, at the 4-digit NAICS code level, the number of business 
sites and the percentage located within zip codes that contain a DAC. The table 
illustrates that the number of business sites located within a zip code that contains a 
DAC or in a zip code that does not contain a DAC are approximately equal, with 53% 
of all identified business sites within a zip code that contains a DAC. 


There are slightly more automotive repair and maintenance, petroleum and coal 
products manufacturing, and petroleum and petroleum products merchant wholesaler 
business sites located in zip codes that contain a DAC. There are slightly more electric 
power generation, transmission and distribution, electrical equipment manufacturing, 
and gasoline station business sites in zip codes that do not contain a DAC. However, 
the percentages of businesses located within zip codes that include a DAC and zip 
codes that do not contain a DAC are generally similar. Depending on the industry, 
approximately 44% to 58% of the business sites are in a zip code that contains a DAC. 


NAICS Classification Business Sites 
% within zip code 
that contains a DAC 


% within zip code that 
doesn't contain a DAC 


Automotive Repair and 
Maintenance (8111) 42,870 56% 44% 
Gasoline Stations 
(4571) 8,789 48% 52% 
Petroleum and 
Petroleum Products 
Merchant Wholesalers 
(4247) 2,124 51% 49% 


26 Health & Saf. Code, § 39711. This provision was added by Senate Bill (SB) 535 (De León, Stats. 2012, ch. 830) 
which charges the California Environmental Protection Agency (CalEPA) with designating DACs based on 
“geographic, socioeconomic, public health, and environmental hazard criteria.” CalEPA generally makes its 
DAC designations using CalEnviroScreen, a screening methodology and mapping tool developed by the Office 
of Environmental Health Hazard Assessment (OEHHA) that helps identify California communities that are most 
affected by many sources of pollution and where people are often especially vulnerable to pollution’s effects.  
OEHHA, “SB 535 Disadvantaged Communities,” https://oehha.ca.gov/calenviroscreen/sb535 (accessed Oct. 3, 
2022). While CalEnviroScreen scores, and thus DAC designations, are not assessed on the basis of race or 
ethnicity, DAC residents are disproportionately people of color, especially Latino and Black people. OEHHA, 
“Analysis of Race/Ethnicity and CalEnviroScreen 4.0 Scores,” Oct. 2021, 
https://oehha.ca.gov/media/downloads/calenviroscreen/document/calenviroscreen40raceanalysisf2021.pdf 
(accessed Oct. 3, 2022).
27 U.S. Census Bureau, 2016-2020 American Community Survey 5-Year Estimates, Table DP05,  
https://data.canary.census.gov/cedsci/table?g=0100000US%25240500000&tid=ACSDP5Y2020.DP05 (accessed 
Oct. 3, 2022).



https://oehha.ca.gov/calenviroscreen/sb535

https://oehha.ca.gov/media/downloads/calenviroscreen/document/calenviroscreen40raceanalysisf2021.pdf

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdata.canary.census.gov%2Fcedsci%2Ftable%3Fg%3D0100000US%2525240500000%26tid%3DACSDP5Y2020.DP05&data=05%7C01%7CJessica.Gordon%40arb.ca.gov%7Cf16e88c300284ddbff6608daa587520d%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C638004297887056658%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=HCE1QYHTJV6P8LTL%2BoTdw8qoBi%2BVDuTMRrS182iUkkA%3D&reserved=0
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NAICS Classification Business Sites 
% within zip code 
that contains a DAC 


% within zip code that 
doesn't contain a DAC 


Oil and Gas Extraction 
(2111) 325 50% 50% 
Petroleum and Coal 
Products Manufacturing 
(3241) 320 55% 45% 
Electric Power 
Generation, 
Transmission and 
Distribution (2211) 7,590 42% 58% 
Electrical Equipment 
Manufacturing (3353) 762 41% 59% 
Basic Chemical 
Manufacturing (3251) 297 50% 50% 
Total 63,077 53% 47% 


As described above, vehicle owners and operators are estimated to realize 
operational-cost savings from ACC II (see the response to comment A-20), shifting 
consumer spending away from categories such as vehicle maintenance and repair and 
gasoline towards other areas. The reduced spending in these categories is projected 
to account for a significant portion of the slowing of growth in certain business 
sectors. CARB expects these impacts to be mitigated to a degree by the requirements 
of the ACC II regulations that automakers make available the necessary information for 
independent repair shops to service ZEVs. This will ensure ZEVs are maintained and 
the emissions from conventional vehicles will be permanently displaced.  It has the 
added benefit of enabling independent repair facilities to continue meeting the needs 
of their customers in the communities where they are located and benefit from these 
regulations. 


Conversely, industries such as the electric power industry may see increases in growth 
as a result of a shift towards zero-emission vehicles. The SRIA also notes that the ACC 
II regulations will increase the total amount of electric vehicle miles travelled in the 
State, which in turn could increase utilization of charging and hydrogen stations across 
the State and lead to increased revenue for these businesses, making the business 
model for their investment more stable and predictable. Increased use of public 
charging stations may also have benefits to retail businesses near charging stations. 
Many charging stations are located in areas with available shopping, food, or services 
such as dry cleaning. 


Demand for, and utilization of, public charging stations may be higher in areas where 
there is less access to home charging, such as DACs. Additionally, multi-unit dwellings 
have larger barriers to installing accessible home charging. Businesses may have a 
higher incentive to invest in charging in these areas to take advantage of higher 
potential utilization. And, as described in Section III.A.6 of the ISOR and the response 
to comment A-20, State and federal infrastructure programs are ramping up 
investments and prioritizing such investments in DACs. Potential impacts on business
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attraction and maintenance, or creation and elimination, are similar regardless of 
community status, consistent with the analyses in the SRIA and Economic Impact 
Statement. There is a slightly higher percentage of business sites in DACs in industries 
where CARB anticipates decreases in demand as a result of ACC II, which could cause 
business contraction. There is a slightly higher percentage in business sites in non-
DACs in industries where CARB estimates ACC II may result in increased demand and 
potential business expansion. Despite these potential impacts, the ACC II regulations 
deliver significant public health and economic benefits, including to minority and low-
income populations.  


25. Comment: [A]ccess to reliable, affordable passenger vehicle ownership is a major civil 
rights issue. It is critical in the vast majority of the state (where transit/walking/biking 
options don't exist), that transit ridership has dropped pre- and post-COVID especially 
among lower income commuters as confirmed by UCLA's comprehensive transit 
utilization reports, and the necessity of driving was recognized as a civil right - by the 
Legislature in authorizing undocumented immigrants to receive Drivers' Licenses (and 
more than a million have done so), and by the California and United States Supreme 
Court which have both held that driving is so critical to modern living that depriving 
someone of a Driver’s License triggers the due process protections of the state and 
federal Constitutions. The ACC II Rule violates civil rights laws, as well as the State and 
Federal Constitution unless it is modified to include the concurrent approval of an 
effective, equitable, and fully-funded program to continue to provide for private 
vehicle ownership in our communities. [15b-2-3]


Agency Response: This comment was submitted during the Second 15-Day Notice, 
the scope of which was solely additional documents relied upon being added to the 
record. As such, this comment is beyond the scope of the comment period and no 
response is required. Nevertheless, CARB disagrees with the commenter that the ACC 
II regulations restrict private vehicle ownership or Californians’ ability to drive.  The 
regulations apply to manufacturers’ sales of new passenger vehicles in California, not 
to vehicle ownership or use. Indeed, ACC II has no limitations of any kind on driving 
and the State provides funding for vehicle purchases by low-income individuals. See 
the response to comment A-20 above for a description of the TCO analysis CARB 
conducted and State programs working to increase access to infrastructure for lower 
income drivers, as well as the responses to comments E-31 and E-40 below regarding 
cost impacts on low-income individuals.


CARB also disagrees with the commenter that the ACC II rules violate civil rights laws 
and the State and federal Constitutions.  California and federal courts apply due 
process to the loss or denial of a drivers’ license, as with other government benefits 
and functions, but this does not elevate driving to a fundamental or civil right.  (See 
Miller v. Reed (9th Cir. 1999) 176 F.3d 1202, 1206 (holding that there is no 
“fundamental right to drive a motor vehicle”).)  In enacting Assembly Bill (AB) 60 
(Alejo, Stats. 2013, ch. 524) authorizing DMV issuance of driver’s licenses to 
undocumented Californians, the Legislature issued extensive findings and declarations 
about the dangers posed by unlicensed drivers but did not reference any civil right to
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drive.28  Moreover, the State’s role in providing or denying a driver’s license has no 
equivalent in terms of vehicle ownership or access. The choice of a conventional 
vehicle is not a civil right or subject to due process; rather, regulating sources of 
pollution is squarely within states’ police powers.  (E.g., Huron Portland Cement Co. v. 
Detroit (1960) 362 U.S. 440, 442; Western Indem. Co. v. Pillsbury (1915) 170 Cal. 686, 
694.) 


26. Comment: The ACC II rule also ignores the fact that these consequences [the effect of 
banning gasoline on low-income individuals ability to afford to purchase a vehicle] are 
both more acute and cause racially disparate harm to California's working families.  
Notwithstanding CARB's failed effort in our pending CARB lawsuit to argue that it was 
entirely Constitutional for CARB to adopt racially discriminatory climate policies (itself 
a shocking argument, which the court rejected), it remains illegal for CARB to adopt 
regulations that cause disparate harms to racial minorities. [15b-2-1329, T2-15].


Comment: CARB's decreed climate change policies, and specifically those policies that 
increase the cost and delay or reduce the availability of housing, that increase the cost 
of transportation fuels and intentionally worsen highway congestion to lengthen 
commute times, and further increase electricity costs, have caused and will cause 
unconstitutional and unlawful disparate impacts to California’s minority populations, 
which now comprise a plurality of the state’s population. [OP-122-6]


Agency Response: CARB disagrees with the commenter’s assertion that the ACC II 
regulations cause disparate harms to communities of color.  See the responses to 
comments E-31 and E-40 below regarding cost impacts to low-income individuals, the 
response to comment A-20 above discussing CARB’s TCO analysis demonstrating the 
ACC II regulations will result in cost savings for ZEV owners, and the response to 
comment A-32 above describing ACC II’s equity considerations.


27. Comment: Commenter does not support banning less costly, reliable, and ubiquitous 
vehicles used by the vast majority of Californians and says the proposal exceeds 
CARB's legal authority, and its own moral commitment to ending racial injustice [15b-
2-2630, T2-15].


Agency Response: CARB did not propose or adopt a phase-out or ban of passenger 
vehicles or internal combustion engines (ICE), and so to the extent the commenters 
are making or basing their comments on such a phase-out or ban, the comments are 
outside the scope of this rulemaking. CARB proposed and adopted emission 
standards on new vehicles to which the rule applies such that, by model year 2035, any


28 AB 60, Secs. 1 and 2 (Alejo, Stats. 2013, ch. 524), available at 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140AB60.
29 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.
30 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.



https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140AB60
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new vehicle sold within the State must have zero emissions or meet the requirements 
for a plug-in hybrid electric vehicle (anticipated to contain an ICE). 


Regarding CARB’s authority, see the responses to comments C-14 above and C-32 
below.  Regarding alleged violation of CARB’s racial justice commitments, see the 
replies to comments A-32 above and E-40 below. Regarding costs, see the response 
to comment A-20 above and E-21 below describing that the ZEV regulations will 
reduce the total costs of vehicles, including any initial increase in purchase price, and 
that vehicle purchase prices are expected to reach parity between conventional 
vehicles and ZEVs.


Consistency with Executive Order N-79-20


28. Comment: Executive Order N-79-20 directs that “100 percent of in-state sales of new 
passenger cars and trucks will be zero-emission by 2035.” As proposed, ACC II does 
not meet this directive as proposed § 1962.4(e)(1)(C) allows up to 20% of the annual 
compliance to be met with PHEVs through MY 2035. PHEVs are not zero emission. As 
a recent study found, real world fuel consumption of PHEVs is three to five times 
higher than expected during vehicle certification approval. This recent study was a 
follow to another study that showed in Europe PHEVs utilized their electric only 
function just 37% of the time in real life. In comparison to BEVs, the ACC II proposal 
actually exacerbates this issue by not extending the battery durability requirements to 
PHEVs, thus providing no assurances that qualifying PHEV electric only range will be 
maintained throughout a vehicle’s lifetime. [15-8]


Agency Response: Executive Order N-79-20 is not a legally binding mandate but 
instead requested CARB, consistent with State and federal law, to propose regulations 
of “increasing volumes of new zero-emission vehicles sold in the State towards the 
target of 100 percent of in-state sales by 2035,” and that such efforts be “consistent[] 
with technological feasibility and cost-effectiveness.” CARB proposed and adopted 
the ACC II regulations pursuant to its statutory authority and based on the best 
information available, considering technological feasibility and cost-effectiveness, and 
determined that PHEVs still have a role to play in developing and supporting the ZEV 
market. As discussed in the ISOR starting on page 56, studies show model diversity 
and availability are key to driving consumer interest. PHEVs may remain a critical 
choice for low-income drivers as well, and the new design requirements for PHEVs will 
encourage greater use of zero-emission mode. Therefore, the inclusion of PHEVs helps 
to ensure the success of the ACC II requirements as a whole. 


29. Comment: The commenter states “The Executive Order N-79-20 set a goal for the 
State that 100 percent of in-state sales of new passenger cars and trucks will be zero-
emission by 2035 to the extent consistent with State and federal law. The current 
proposal is not consistent with the Executive Order (See Comment A.3 and A.4 in 
Attachment A).” [emphasis in comment, footnote omitted] [OP-161-33, incorporated 
by reference into comment OP-97] 


Agency Response: Executive Order N-79-20 is not a legally binding requirement, nor 
does this comment provide any explanation for how ACC II was not consistent with 
the Executive Order (let alone State and federal law), and so no further response is
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required. To the extent the comment is stating ACC II is not consistent with the 
Executive Order vis-a-vis commenter’s A.3 and A.4 comments, see responses to 
comments B-5 and C-15 above and C-35 and D-7 below.  


30. Comment: The commenter states “The Executive Order also acknowledged that 
without coordinated action by multiple other agencies to mitigate their impacts, 
implementing these targets will have profound negative consequences for low-income 
and working-class Californians. These impacts have not been fully identified, nor have 
they been mitigated.” [OP-161-34, incorporated by reference into comment OP-97] 


Agency Response: CARB disagrees with commenter’s characterization. Executive 
Order N-79-20 did envision multi-agency coordination to address the climate crisis 
holistically through a variety of avenues and initiatives and did encourage a greater 
focus on low-income and disadvantaged communities; it did not acknowledge multi-
agency coordination on mitigating impacts from meeting light-duty passenger vehicle 
zero-emission targets, nor did it acknowledge that a lack of such multi-agency 
coordination on mitigating those impacts would have significant adverse 
consequences on low-income Californians. Commenter does not further elaborate 
what impacts, or even what sorts of impacts, have not been identified or mitigated, 
and so no further response is necessary. In any event, see responses to comments C-
19 and C-22 above for economic impacts and the Final Environmental Analysis for 
environmental impacts. 


31. Comment: The ACC II proposal is contrary to Executive Order N-79-20 because it is 
not consistent with State law. The proposal continues to have severe deficiencies and 
omissions in the analysis [inadequate demonstration of achievability, incomplete cost 
assessment, inadequate environmental assessment, and inadequate alternatives 
analyses] that are contrary to APA and the HSC Code requirements. [OP-161-38, 
incorporated by reference into comment OP-97] 


Agency Response: Executive Order N-79-20 is not a legally binding requirement, and 
CARB disagrees that ACC II is inconsistent with State law. See responses to comments 
A-10, A-13, A-14, A-20, A-25, A-28, B-3, B-5, B-14, C-18, C-19, C-22, C-23, C-35, D-6 
through D-8, E-55, E-66, and E-67. 


Compliance with the Administrative Procedure Act


32. Comment: ACC II is a regulation, and as such is subject to, but has failed to comply 
with the requirements of: A. The Administrative Procedure Act (“APA”) substantive 
regulatory content criteria, which prohibits the approval of new regulations unless they 
satisfy six discrete criteria, as defined in full below (Gov’t Code § 11349) 


(a) “Necessity” means the record of the rulemaking proceeding demonstrates by 
substantial evidence the need for a regulation to effectuate the purpose of the statute, 
court decision, or other provision of law that the regulation implements, interprets, or 
makes specific, taking into account the totality of the record. For purposes of this 
standard, evidence includes, but is not limited to, facts, studies, and expert opinion. 


(b) “Authority” means the provision of law which permits or obligates the agency to 
adopt, amend, or repeal a regulation.
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(c) “Clarity” means written or displayed so that the meaning of regulations will be 
easily understood by those persons directly affected by them. 


(d) “Consistency” means being in harmony with, and not in conflict with or 
contradictory to, existing statutes, court decisions, or other provisions of law. 


(e) “Reference” means the statute, court decision, or other provision of law which the 
agency implements, interprets, or makes specific by adopting, amending, or repealing 
a regulation. 


(f) “Nonduplication” means that a regulation does not serve the same purpose as a 
state or federal statute or another regulation. This standard requires that an agency 
proposing to amend or adopt a regulation must identify any state or federal statute or 
regulation which is overlapped or duplicated by the proposed regulation and justify 
any overlap or duplication. This standard is not intended to prohibit state agencies 
from printing relevant portions of enabling legislation in regulations when the 
duplication is necessary to satisfy the clarity standard in paragraph (3) of subdivision (a) 
of Section 11349.1. This standard is intended to prevent the indiscriminate 
incorporation of statutory language in a regulation.


. . . ACC II violates the “necessity” prong because CARB has not independently 
verified the necessity of this regulation to comply with the Legislature’s SB 32 target of 
40% lower greenhouse gas emissions by 2030. ACC II violates the “authority” prong 
because CARB has acted directly contrary to the Legislature’s rejection of an internal 
combustion engine vehicle sale phase-out, and neither CARB nor the governor (via 
Executive Order) have the independent authority to impose a policy by regulation that 
has been expressly rejected by the people’s elected representatives in the Legislature. 
ACC II violates the “consistency” prong because it is not at all in harmony with, and in 
fact in conflict with, constitutional and statutory protections of the right to travel, the 
right to drive, and the right to not be deprived of an effective mobility option shown 
to be required to protect the health, welfare, economic security, educational 
attainment, and upward mobility of working families, including low-income families 
from communities of color. [15b-2231]


Comment: It is also a policy determination that the Legislature – representatives of the 
people in our democratic system – declined to enact, after hearing from scores of 
interested parties and members of the public. [15b-2-1932]


31 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.
32 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here. 
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Agency Response: CARB agrees with the commenter that the ACC II regulations are 
subject to the APA but disagrees that the regulations violate the APA’s standards of 
necessity, authority, and consistency.  


California does need the specific ACC II regulations to protect public health by 
attaining federal and State standards for ozone and particulate matter pollution, to 
mitigate the increasingly severe climate crisis, including by meeting California’s 
statutory GHG emissions reduction targets, and to address the disparate pollution 
burdens of environmental justice communities. As explained in detail throughout the 
rulemaking record, including in the ISOR,33 the ACC II regulations contribute critically 
to these goals.


The commenter asserts that the Legislature has “expressly rejected” conventional 
vehicle sale phase-out and that such rejection limits CARB’s authority to adopt ACC II.  
CARB disagrees that unsuccessful legislation limits other statutory authority or 
necessarily indicates the Legislature’s view.  CARB also disagrees that the Legislature 
has “expressly rejected” conventional vehicle sale phase-out.  The commenter does 
not specify the bill to which this statement refers, but it may concern Assembly Bill 
(AB) 1745, the “Clean Cars 2040 Act” introduced by Assemblymember Phil Ting in 
2018.  That bill would have prohibited, beginning in 2040, the original Department of 
Motor Vehicles (DMV) registration of passenger vehicles with exhaust emissions of any 
criteria pollutant or GHG.  Setting aside the accuracy of the commenter’s assertion 
that an agency may not impose by regulation a policy that the Legislature declined to 
pass in a legislative proposal, AB 1745 differs significantly from ACC II.  AB 1745 
concerned DMV registration and thereby would have prohibited Californians from 
legally owning and driving new conventional passenger vehicles, while ACC II 
regulates manufacturers’ sale of vehicles in the State.  AB 1745 applied to passenger 
vehicles with any criteria or GHG exhaust emissions, while ACC II includes PHEVs as an 
optional compliance flexibility.  


The commenter may also have intended to invoke AB 1108, introduced by 
Assemblymember Autumn Burke in 2016, which would have required CARB to adopt a 
regulation by December 31, 2017, to require that at least 15% of all new passenger 
cars sold in California be ZE by 2025.  The bill was not rejected by the Legislature but, 
having been introduced only two weeks before the end of the Legislative session, 
stalled in the committee referral process and did not proceed to a full vote.34 Again, 
this unsuccessful legislation has no bearing on CARB’s authority to adopt the ACC II 
regulations.  Regarding CARB’s authority, see the response to comment C-14 above. 


CARB disagrees with the commenter that the ACC II regulations restrict Californians’ 
ability to travel, drive, or access passenger vehicles as a mobility option.  The ACC II


33 See, e.g., ISOR, Executive Summary, pp. 4-6; ISOR pp. 3-10. 
34 A bill numbered AB 1108 was introduced on March 26, 2015; it concerned beverage container recycling.  On 
August 16, 2016, the bill was “gutted and amended” – a common practice toward the end of legislative 
sessions – to remove the existing text and add new text addressing ZEV sales.  The legislative session ended on 
August 31, 2016.  See https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201520160AB1108. 



https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201520160AB1108
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rulemaking sets requirements on automakers for new vehicle sales, not mobility 
options nor used vehicles already in the market. Further, there is no evidence that 
CARB’s vehicle regulations restrict access to purchasing new vehicles.


CARB also disagrees with the commenter’s assertion that the right to travel (which 
bars states from burdening interstate travel), or any right to access mobility options, is 
violated by State regulation of vehicle emissions.  See Miller v. Reed (9th Cir. 1999) 
176 F.3d 1202, 1205, 1206 (holding that “burdens on a single mode of transportation 
do not implicate the right to interstate travel” and that there is no “fundamental right 
to drive a motor vehicle”) and Monarch Travel Services, Inc. v. Associated Cultural 
Clubs, Inc. (9th Cir. 1972) 466 F.2d 552, 554 (rejecting the argument that regulations 
with an effect of increasing travel costs burden the right to travel).  Individuals and 
businesses do not have a right to pollute or engage in actions that harm others and 
substantially threaten the public health and welfare, and such activities are subject to 
governmental restriction. (E.g., Huron Portland Cement Co. v. Detroit (1960) 362 U.S. 
440, 442 [“Legislation designed to free from pollution the very air that people breathe 
clearly falls within the exercise of even the most traditional concept of what is 
compendiously known as the police power.”]; Western Indem. Co. v. Pillsbury (1915) 
170 Cal. 686, 694.) As California has long recognized, and as the record here 
demonstrates, motor vehicle emissions pose a substantial threat to public health and 
welfare because of their criteria, GHG, and air toxic components. The ACC II 
regulations, with its tighter ZEV and LEV requirements, is demonstrably a reasonable 
and justifiable option to achieve, and will directly help achieve, California’s goals of 
limiting criteria, GHG, and air toxic emissions from passenger vehicles.


33. Comment: Commenter suggests that the California Air Resources Board may have a 
legal obligation to postpone making a final decision on the Advanced Clean Cars II 
proposal. The rulemaking process requires that relevant information be carefully 
considered and that stakeholders have a reasonable opportunity to provide input and 
defend their legitimate interests. There is no exception for significant new information 
that arrives out of the blue in an untimely fashion. Regulatory decisions like these must 
ultimately be made in a constantly changing world, but the passage of the IRA 
represents far more than an incremental shift in the market conditions impacting the 
feasibility of the ZEV mandates. The carefully crafted balance that has been achieved 
by this proposal has been toppled by the federal government at the last minute of the 
eleventh hour. It is a fine proposal, but it should not be finalized until the effects of the 
Inflation Reduction Act have been vetted and appropriate adjustments have been 
made. The relentless escalation of the climate crisis is very troubling and requires swift, 
bold action, but we need to take the time to get this proposal right. In the grand 
scheme of things, a delay would not severely undermine the proposal or delay the 
2035 target date. [15b-4].


Agency Response: This comment was submitted during the Second 15-Day Notice, 
the scope of which was solely additional documents relied upon being added to the 
record. As such, this comment is beyond the scope of the comment period and no 
response is required. Nevertheless, CARB disagrees with the commenter’s assertion 
that CARB has a legal obligation to postpone ACC II, and CARB has adopted the 
regulations. CARB satisfied its obligations under the APA for adopting these







103


regulations, providing meaningful opportunities for stakeholder engagement and 
public review and comment (see the response to comment C-38 below). Passage of 
the IRA by Congress does not significantly change the record before CARB on which it 
made its decision, affect CARB’s authority, or directly affect the ACC II requirements 
(though, the IRA in part provides notable incentives for ZEVs and affirms 
Congressional support for CARB’s GHG emission and zero-emission vehicle 
requirements, which support ACC II). CARB also disagrees that a delay would not 
undermine ACC II or its emission reduction goals—a delay could result in at least some 
vehicles not being subject to the standards for the 2026 and later model years, and 
thus could hinder reaching the standards for model year 2035. Since the IRA did not 
pose any legal obligation or factual basis to delay adoption of ACC II, CARB did not 
do so. 


34. Comment: Commenter contends that CARB failed to follow requirements for the 
Administrative Procedure Act’s Standardized Regulatory Impact Analysis 
(“SRIA”)(Gov’t Code §11346.3), which requires an assessment of the economic impact 
of a regulation on California businesses and individuals. CARB’s SRIA fails to analyze 
the harms caused by ACC II to individuals in working families, rural areas, and 
communities of color, but it fails even more dramatically to assess the harms caused to 
the small businesses owned and operated in these communities. Independent 
truckers, contractors and other essential workers who must transport tools or goods in 
personal vehicles to do their jobs and be paid, food service owners reliant on food 
trucks and customers reliant on cars, delivery services, drivers for rideshare services, 
ministers and counsellors, medical personnel and first responders, labor organizers, 
entertainers and athletes – all require access to affordable, reliable, personal vehicles – 
as well as ample supplies of electricity, safe and secure electric vehicle charging 
infrastructure, and (for the many essential workers forced to travel 100 miles or more 
each day, and for the households where vehicular use is shared by multiple workers on 
consecutive shifts) much more extended ranges [15b-2-23].


Agency Response: This comment was submitted during the Second 15-Day Notice, the 
scope of which was solely additional documents relied upon being added to the 
record. As such, this comment is beyond the scope of the comment period and no 
response is required. Nevertheless, contrary to the comment, CARB prepared the 
SRIA and related analyses that are required under the Administrative Procedures Act 
and its implementing regulations. The SRIA considered the impacts and benefits of the 
ACC II regulations on small businesses and families. (See SRIA, pp. 41 [emission 
benefits]; § 3.2, p. 86, et seq. [direct costs to vehicle owners]; § 3.4, p. 100, et seq. 
[direct costs on small businesses]; § 3.5, p. 102, et seq. [direct costs on individuals].) 
These analyses show positive benefits from the ACC II regulations to individuals and 
small businesses. See also responses to comments A-20 and C-24, above, and E-32 
and E-40, below.


CARB agrees that public welfare is enhanced by access to affordable and reliable 
transportation, adequate supplies of electricity, vehicle charging infrastructure, and 
zero-emission vehicles with adequate ranges to meet the needs of drivers. (See, e.g., 
Pub. Resources Code, §§ 25001 [electrical energy and supply].) It is also important to 
reduce overdependence on petroleum fuels for transportation to mitigate the wide
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variety of societal problems created by that overdependence. (See, e.g., Health & Saf. 
Code, § 43000, subd. (e); Pub. Resources Code, § 25000.5, subd. (a).) 


The ACC II regulations are designed to support meeting these policy goals. For 
example, they include requirements for minimum ranges for zero-emission travel, fast-
charging capability, and features that facilitate access to charging infrastructure. They 
expand the percentage of vehicles that will provide clean transportation, including by 
encompassing medium-duty vehicles for which manufacturers choose to make subject 
to the ZEV regulations. This increases the likelihood that ZEVs will be produced that 
meet the needs for larger vehicles as described by the commenter. They include 
incentives to increase equitable access to zero-emission transportation in disparately 
impacted and low-income communities. Note that the ACC II regulations do not apply 
to heavy-duty vehicles and only optionally apply to medium-duty vehicle 
manufacturers.


While outside the scope of the ACC II regulations, other activities are being 
undertaken by the State to expand electrical generation capacity and access to 
charging infrastructure. See, e.g., response to comment A-20, above, and Master 
Response 1 in the Response to Comments on the Draft Environmental Analysis. 


Performance standard


35. Comment: “By federal law, the state must be technology neutral when preparing and 
implementing the proposed rule. The state is not allowed to prepare or implement the 
proposed rule if it gives an advantage to or inhibits the use of any technology that can 
be used to meet the federal air quality standards goal of the proposed rule.” [OP-13].


Comment: The commenter states “CARB must set a technology neutral performance-
based standard rather than the Zero Emission Vehicle (ZEV) mandate that is currently 
proposed in the ACC II regulation. 


Under Government Code Section 11346.2(b)(4)(A), when CARB proposes a regulation 
that would mandate the use of specific technologies or equipment, or prescribe 
specific actions or procedures, it must consider performance standards as an 
alternative (See Comment A.4 in Attachment A for further details). The Proposed ACC 
II Regulation is presented as a performance standard by CARB. CARB argues in the 
ISOR at page 180 that no specific technology is mandated, contradicting the draft 
regulation that proposes a ZEV sales mandate for passenger cars and light-duty trucks 
beginning at 35% for 2026 model year and ramping up to 100% for the 2035 model 
year and beyond. This is not a performance standard; it is a technology mandate.  
Despite multiple comments by many stakeholders, including the Associations, over the 
last two years, CARB has explicitly included ZEV technology mandates in its ACC II and 
Advanced Clean Fleets (ACF) proposals, without the necessary analyses to justify the 
choice of a sales mandate over a performance-based standard.” [OP-161-36, pp. 2-3. 
incorporated by reference into comment OP-97]


Comment: CARB is therefore required to conduct these studies [lifecycle emissions on 
alternatives based on low carbon-intensity fuels] and consider these performance 
standards as an alternative to the ACC II ZEV mandate, where the alternatives better 
meet the other Administrative Procedures Act (APA), Office of Administrative Law
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(OAL) regulations and Health & Safety Code (HSC) requirements. CARB should not 
move forward with the ACC II ZEV mandate as it is currently proposed but instead 
should draft a technology-neutral performance-based standard based on the life cycle 
emissions of LDVs. [OP-161-36, pp. 4, incorporated by reference into comment OP-97]


Comment: ACC II fails to comply with the APA because it effectively mandates the use 
of specific technologies.  
APA § 11346.2(b)(4)(A) requires CARB to consider performance standards as an 
alternative whenever CARB proposes a regulation that would mandate the use of 
specific technologies or equipment, or prescribe specific actions or procedures. 


ACC II will establish interim requirements for the percentage of EV sales starting in 
2026— the requirement increases by 8 percentage points per year for the first 5 years, 
and then 6 percentage points per year for the latter 5 years, achieving 100% ZEV sales 
by 2035. In its ISOR, CARB indicates that its proposed ACC II program is a 
performance standard because ‘manufacturers can meet this proposed regulation 
requirements using BEV, PHEV or [fuel cell electric vehicle (FCEV)] technologies and 
with several options for securing ZEV values. ’However, CARB also notes that, even if 
ACC II is considered a prescriptive standard, ‘[a]nything less prescriptive than ACC II in 
terms of emission limits and requirements for ZEVs erodes the proposal’s ability to 
secure the emissions reductions needed for meeting California’s public health and 
climate goals and State and federal air quality standards.’ 


CARB’s conclusion that ACC II is not a prescriptive standard entirely ignores the 
prescriptive effect of mandating one specific avenue for compliance— ACC II requires 
a transition to ZEV technologies rather than setting minimum emission standards that 
can be achieved through a variety of technologies such as highly efficient ICEVs and 
low-carbon liquid fuels. Providing flexibility to choose among various ZEV technologies 
does not change CARB’s clear selection of one compliance pathway, because this 
‘choice’ is itself prescriptive. [OP-161-36, pp. A-13 – A-14, incorporated by reference 
into comment OP-97]


Comment: CARB’s proposed regulations are not technology-neutral if they inhibit or 
give an advantage to certain technologies over others irregardless of how few or many 
emissions are created. [OP-117]


Agency Response: The commenters assert the ZEV regulations are prescriptive and 
that CARB may not adopt a prescriptive standard without considering a performance-
based standard. The commenters are mistaken. 


Performance-based standards establish objectives with criteria for achieving them. 
(Gov. Code, § 11342.570.) The criteria do not turn a performance standard into a 
prescriptive standard. A prescriptive standard establishes the sole means of 
compliance by specific actions, measurements, or quantifiable means. (Gov. Code, § 
11342.590.)


Standards to require ZEVs are performance-based, for vehicles that do not emit 
exhaust or evaporative emissions. The ACC II regulations establish emission standards 
and related requirements to ensure the vehicles reliably and consistently meet those 
standards in a verifiable manner, which manufacturers certify they meet. The ACC II
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regulations also establish requirements to ensure that shortcomings may be remedied. 
These requirements are tailored to the known technologies that are employed to meet 
them but do not preclude the use of new technologies to meet the performance-
based emission standards. The ACC II regulations allow vehicle manufacturers to use 
any means of meeting those standards so long as the related requirements are met. 
The ACC II regulations do not give an advantage to any particular technologies. 
Manufacturers determine the means to comply and presumably do so with the most 
cost-effective means available.


Moreover, to the extent the criteria of the requirements are themselves standards, 
they similarly establish performance-based criteria and do not specify the sole means 
of compliance. To the extent the ACC II regulations or any aspects of them are 
prescriptive, CARB has met the requirements for adopting such standards. Their 
application is limited to specific classes of vehicles and their inherent attributes, which 
is necessary to accurately confirm compliance with the requirements to ensure that 
motor vehicle emissions are permanently reduced. (Reso. 22-12, p. 17.) It is also 
necessary in instances to ensure user safety, such as the requirements for electrical 
and liquid fuel connections. The requirements for ZEVs are required given the 
necessity to put strong ZEV requirements in place in California to achieve the 
maximum emission reductions possible of both GHG and criteria emissions. Further, 
strong ZEV requirements provide more clarity for numerous stakeholders on which 
vehicle technologies are likely to enter the market. Fueling infrastructure, grid and 
hydrogen supply expansions, and vehicle supply chain (component manufacturing) 
changes all rely on long-term investments. See also the response to comment B-5. 


In any event, federal and State law do not require either California’s vehicle emission 
standards or any standards to attain the NAAQS to be “technology neutral.”  Federal 
and State law do not prohibit regulations that particular technologies are known to be 
capable of meeting. To the contrary, CARB must demonstrate its regulations are 
technologically feasible. This is done by analyzing the capability of known technologies 
to meet the standards, which CARB has done.  It is true that the APA requires 
agencies that adopt prescriptive standards to consider performance standards that are 
a reasonable alternative and explain their reasons for rejecting reasonable alternatives 
they choose not to propose.  (Gov. Code § 11346.2(b)(4)(A).)  To the extent the ACC II 
regulations may adopt prescriptive requirements, CARB met its obligations to do so 
under the APA. (ISOR, pp. 180-181.)


In addition to the ZEV regulation provisions in ACC II, new requirements were put in 
place for criteria emission control through the performance standards for conventional 
vehicles in the LEV IV regulations. This includes stronger controls on emissions under 
cold start and aggressive driving conditions and ensuring conventional engine vehicles 
continue to reduce criteria emissions while the fleet expands with ZEVs.


36. Comment: Multi-technology pathways can help the state achieve faster and more 
certain emission reductions while expanding ways to reduce greenhouse gas 
emissions, to comply with the requirements of Government Code Section 
11346.2(b)(4)(A). CARB should evaluate and propose performance standards as an 
alternative to the proposed ACC II ZEV mandate. [OP-161-62, incorporated by 
reference into comment OP-97] 
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Comment: Without adequately considering the emissions reductions available from a 
performance-based vehicle emissions standard, CARB has exceeded its regulatory 
authority under APA § 11346.2(b)(4)(A). [OP-161-62, p. 7, p. A-15, and Att. D to 
comment letter, incorporated by reference into comment OP-97] 


Agency Response: The commenter contends the ACC II regulations are prescriptive 
rather than performance-based and improperly limits the technologies that may be 
used to meet the requirements. As discussed in the preceding response (C-35) and in 
the response to comment B-5 above, the regulations establish performance-based 
requirements. They do not limit the technologies that may be used to meet the 
emission standards. 


The commenter also requests CARB consider performance-based standards as an 
alternative. Even if the ACC II regulations are considered to be prescriptive, CARB 
considered several alternatives. An alternative that did not include zero-emission 
vehicle standards did not achieve the objective of reducing and eliminating GHG, 
criteria, and toxic emissions from vehicles. 


Outcome determinative 


37. Comment: Valero encourages the California Air Resources Board (CARB) to reevaluate 
its current approach to the ACC II Program. The proposed ACC II rule seems to have 
been outcome determinative, designed to meet the Governor’s stated goal to electrify 
the transportation sector. This political goal appears to have foreclosed meaningful 
consideration of any low carbon option other than electrification – even if such options 
would achieve the same or better full life-cycle reduction, achieve reductions earlier, 
achieve reductions at lower cost, and achieve reductions with greater energy security. 
[OP-141-23]


Comment: Importantly, CARB is prohibited from predetermining a particular method 
in order to narrow the alternatives it considers for achieving the agency’s ultimate 
policy goals. When examining whether or not alternatives or particular features have 
been foreclosed by the agency, courts look “to the surrounding circumstances to 
determine whether, as a practical matter, the agency has committed itself to the 
project as a whole or to any particular features, so as to effectively preclude any 
alternatives or mitigation measures that CEQA would otherwise require to be 
considered.”56 By deeming ZEVs as the only acceptable technologies and not even 
considering in this rulemaking how other low-carbon technologies could provide less 
costly and more timely reductions in GHG emissions, CARB is effectively 
predetermining the outcome of this proceeding. This predetermined outcome is not 
only arbitrary and capricious but also a violation of CARB’s statutory obligations. [OP-
141-8]


Agency Response: CARB disagrees with the commenter’s characterization. CARB 
followed the obligations of the APA and CEQA, which ensure fair, transparent, and 
reasoned consideration of alternatives and public comments and feedback. It is normal 
and permissible for agencies to have overarching goals and objectives for rulemakings; 
indeed, these help agencies to evaluate among alternative courses of action. For ACC 
II, two critical goals were reducing emissions from light-duty passenger vehicles of
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greenhouse gases to meet climate targets and criteria pollutants to meet ambient air 
quality standards. 


Though the commenter does not specify here, CARB presumes (based on the 
comments attached to this cover letter) the “Governor’s stated goal” is Executive 
Order N-79-20. That Executive Order provided a holistic strategy for the State to 
reduce emissions from the transportation sector at large to address the climate crisis 
and public health and safety—within the confines of State and federal law, existing 
authorities, and technological and economic feasibility—with one goal being all new 
passenger vehicles sold in the State being zero-emission by 2035. Importantly, the 
Executive Order did not limit or envision decarbonization of and emission reductions 
from the transportation sector to be solely from electrification. Nor does ACC II so 
limit or mandate. 


CARB did consider a low-carbon fuel alternative but rejected this alternative in part 
because it would not result in needed NOx emission reductions and has notable 
supply limitations. See Master Responses 3 and 4 in the Response to Comments on 
the Draft Environmental Analysis, as well as the response to comment D-8 below. 


Notice and comment process 


38. Comment: CARB must conduct a meaningful public notice and comment process for 
its complex ACC II ZEV mandate. There are significant technical, economic, and legal 
facts and analysis that CARB has ignored in its process, in violation of the law. CARB 
should address these process and analysis deficiencies by conducting technical 
working groups to foster stakeholder participation in scenario development and 
assessment. It should workshop revised ACC II language before submitting it to its 
Board for consideration. [OP-161-44, incorporated by reference into comment OP-97] 


Agency Response: CARB conducted extensive public engagement during the 
development of the ACC II regulations and properly followed its notice-and-comment 
obligations under the APA. CARB held five public workshops and listening sessions 
from September 2020 through October 2021, in addition to dozens of meetings with 
stakeholder groups and individual stakeholders. These included assessment and 
discussion of regulatory concepts, alternatives, data and analysis, and regulatory 
language. CARB provided the notices and public comment periods required under the 
law. 


CARB disagrees with commenter’s characterization of “facts and analysis that CARB 
has ignored in its process, in violation of the law.” This comment does not further 
elaborate what those deficiencies purportedly are, and so no further response is 
required. Nevertheless, see responses to comments C-18, C-19, C-21 through C-23, 
and C-35 above with respect to technical and economic feasibility and responses to 
comments C-1 through C-3, C-11, and C-15 above with respect to federal and State 
law. 


39. Comment: Commenter provided two sets of timely Civil Rights comments on the 
ACCII regulations, and commenter indicates there has been no CARB staff report or 
other response to those comments, or other comments. Commenter says there should
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be no further progress on this rulemaking until CARB has published a comprehensive 
response to comments. [15b-2-1]35


Comment: Commenter previously submitted extensive comment outlining racial, 
equity, and civil rights issues that the commenter says are raised by ACC II and 
commenter says there has been no staff report or other responses to their comments. 
[T2-15]


Comment: Commenter is requesting today that the Board take additional time to 
consider and provide a sufficient written response to technical information that has 
been previously provided by written comments. This information, which includes cost-
benefit analyses and overall feasibility conducted by outside consultants, deserves a 
more meaningful evaluation and a response from CARB prior to final decision. This 
information analyses have direct implications to the proposed rules’ impacts on 
disadvantaged front-line communities, infrastructure development, energy security, as 
well as supply chain management. [T2-57]


Agency Response: In developing and adopting the ACC II regulations, CARB has 
complied with APA and CEQA requirements regarding consideration of and responses 
to public comment.  Neither law requires CARB to respond to comments at a point in 
the rulemaking process before this FSOR (with the exception, under CEQA, of certain 
comments concerning environmental impacts, which do not include the comments 
referenced by this commenter—and CARB did respond to those comments and 
posted those responses as required by CEQA36). In accordance with CARB’s legal 
obligations, responses to the referenced comments are contained in this FSOR. CARB 
considered the comments, oral and written, submitted to it, before proceeding to 
adopt the ACC II regulations. CARB disagrees that it should postpone the ACC II 
rulemaking until it publishes a comprehensive response to comments.


40. Comment: Second, we received a second 15-day Notice of the Availability of 
Additional Documents, but were shocked and saddened to learn that your agency’s 
commitment to racial equity was again thrown under the bus as some of these 
additional documents were available solely for in-person review at your office in 
Sacramento if and to the extent a designated staff member agreed to accommodate 
an in-person request. As your second 15-day Notice states, after listing TWENTY-
FOUR entirely new documents as additions to this rulemaking record, that:


These documents are available for inspection at the California Air Resources Board, 
1001 I Street, Sacramento, California, 95814, between the hours of 9:00am to 4:00pm, 
Monday through Friday (excluding holidays). To inspect these documents please


35 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.
36 CARB, Response to Comments on the Draft Environmental Assessment Prepared for the Advanced Clean 
Cars II Program (Aug. 2022), ACC II RTC Document (ca.gov). 



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/acciirtc1.pdf
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contact Bradley Bechtold, Regulations Coordinator, at Bradley.Bechtold@arb.ca.gov 
or (279) 208-7266.


Many of these documents can instantly be posted on the CARB website, alongside 
other documents in this rulemaking record, and made available for actual public 
review by people who work at real jobs – and cannot take the time to travel to 
Sacramento for likely more than work day to review these documents. This reversion 
to an in-person, appointment-only, weekday review is also deeply disrespectful of 
those at heightened risk of COVID – and this August-only period also ignores the twin 
chaos of summer vacations and school starts that further impair extended weekday 
visits to the CARB office. The second 15-day notice process must restart, following 
online posting and brief content descriptions, of the TWENTY-FOUR new documents 
that CARB staff has concluded are critical to the defensibility of the proposed ACC II 
regulation. [15b-2-2].


Agency Response: In response to this comment and to direct requests by others 
during the pendency of the Second 15-Day Notice, CARB provided electronic copies 
of documents that were made available by the Second 15-Day Notice that are not 
subject to copyright.


CARB did not restart the 15-day comment period as requested because these 
documents were available for public viewing in accordance with applicable law.37 We 
note that 12 of these documents are publicly available on other websites at the links 
provided in the Second 15-Day Notice. Ten of the documents are spreadsheets and 
workbooks of data and calculations that are not susceptible to meeting requirements 
that CARB make its documents that it posts on its website accessible to blind and 
visually impaired people.38 For this reason, the documents were not posted on CARB’s 
website for this proceeding, as allowed under applicable law.39


As stated in the Second 15-Day Notice, the two documents that are subject to 
copyright are: 


· SAE J2534-2/BA_0500_202201, “Pass-Thru Extended Feature – Base 
Document,” January 2022, and 


· SAE J2534-2/RE_0500_202201, “Pass-Thru Extended Feature – Resource 
Document,” January 2022.


CARB does not have a license to publicly post these documents and is not required by 
the law to do so. The copies of these two documents that CARB acquired for public 
inspection were made available as described in the Second 15-Day Notice as required 
under the law. CARB received no requests to inspect these documents. 


41. Comment: Commenter notes that Board Resolution 20-33 (“A Commitment to Racial 
Equity and Social Justice”) states, “institutional and structural racism continues to


37 Gov. Code § 11347.3(a).
38 See Gov. Code § 11546.7.
39 Gov. Code §§ 11340.85, 11347.3(a).
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threaten CARB’s ability to equitably fulfill its charge so that all people of color . . . are 
treated without prejudice, bias and derision.” Commenter says CARB has treated with 
derision and bias the intersectional consequences of the ACC II rule, along with the 
concerns of scores of already-stressed workers who have taken the time to testify in 
person before CARB to respect their need for affordable, reliable, personal vehicles.  
Commenter says these workers waited in many cases hours and hours for the 
opportunity to speak for just one minute [15b-2-25].


Agency Response: This comment was submitted during the Second 15-Day Notice, 
the scope of which was solely additional documents relied upon being added to the 
record. As such, this comment is beyond the scope of the comment period and no 
response is required. Nevertheless, CARB disagrees that it has treated any comments, 
concerns, or potential impacts with “derision and bias.”  CARB considered all 
testimony and comments prior to finalizing the ACC II regulations and is responding to 
comments in this FSOR.  CARB disagreed with or declined to propose changes based 
on some commenters’ procedural or substantive suggestions for reasons explained in 
this FSOR.  


The commenter is correct that the commenters at the two public hearings on the ACC 
II regulations were required to wait their turns to testify, as everyone was required to 
do.  The Board Chair may place reasonable limits on the time taken for each public 
comment, and limiting the time allotted to each speaker at the June 9, 2022, Board 
meeting was necessitated by the large number of people who wished to provide oral 
comment and ensure that the Board had the opportunity to hear from and consider 
the comments by everyone who wanted to testify.  It was appropriate given that each 
oral commenter also had the same opportunity to submit written comments (during 
the designated comment periods and on the hearing dates) as interested parties who 
did not provide oral comment.  Additionally, oral commenters had the option to speak 
remotely, allowing them to engage in other activities while awaiting their turns.


42. Comment: The California Air Resources Board’s regulatory process, and the Initial 
Statement of Reason (ISOR) and associated documents, have been conducted through 
an open, deliberative, and factual manner. The basis for the ACC II regulation has 
been well reasoned and rational, and in many instances, staff has used conservative 
assumptions as described below. The process has also allowed for considerable public 
and stakeholder input through numerous public workshops since September of 2020, 
with NRDC and other affected stakeholders participating in many of these. [OP-99]


Agency Response: CARB appreciates support for the Advanced Clean Cars II 
regulations and the way that it conducted its rulemaking process consistent with the 
Administrative Procedures Act. CARB adopted the final ACC II regulations at its 
August 25, 2022, hearing.


Flexibility on Environmental Justice Value Categories


43. Comment: Allow the CARB Executive Officer or Section 177 states to approve 
additional programs that qualify for credits as new opportunities arise in the evolving 
ZEV market and equity landscape. [OP-86] 
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Comment: Commenter proposes establishing an alternative environmental justice 
value pathway to allow a manufacturer to submit an application to CARB that would 
include details of the alternative program and metrics/data to demonstrate 
compliance with specific criteria, such as a statement of need and justification for 
adopting an alternative program. Environmental justice values would be given based 
on the manufacturer’s sufficient demonstration that the approved criteria are achieved 
[OP-124]. 


Comment: New Section to Encourage Innovative Programs: We recommend adding a 
new section that would allow manufacturers to propose, and the Executive Officer to 
approve, innovative clean mobility programs designed to increase EVs in equity 
communities. For example, this provision could allow infrastructure investments in 
equity communities, which the current regulations do not appear to allow. Other ideas 
to improve access to and use of EVs in equity communities might include EVs in 
community car-share or rideshare programs. Or offering vehicle bundles (new or used) 
that include vehicle, insurance, and fuel. In addition to encouraging new and 
innovative programs in California, this would also allow the same in states that follow 
California under Section 177 of the Clean Air Act. We recognize that States’ processes 
related to adoption of new regulatory language may preclude the ability of CARB to 
propose “open ended” language that would provide Executive Office authority, so we 
are open to further dialogue about processes that could otherwise provide fast-track 
approval of new ideas. Our goal is to ensure that new, creative ideas can be proposed 
and approved to further EV adoption. [OP-133, OP-155, incorporated by reference 
into comments B1-20, OP-124, T1-8, T1-9, OP-57, OP-98, OP-150, OP-95, T2-34]


Comment: As proposed, the equity credit provisions are specifically tailored towards 
California’s current programs, and it is important that ARB also consider the ability of 
Section 177 states to implement these same provisions to accelerate public health and 
air quality benefits across Section 177 states. Since all Section 177 states may not have 
specific equity programs akin to California, such as Clean Cars for All, ARB should 
incorporate language that identifies the primary objectives for state programs to 
qualify, such as accelerating ZEV deployment particularly in overburdened 
communities or air basins. State agency officials or the equivalent Executive Officer 
counterparts, subject to their state administrative procedures, could identify those 
specific programs that meet the objectives of the equity provisions. [OP-99]


Comment: BMW NA is supportive of identifying innovative programs that will increase 
adoption of electric vehicles in underrepresented communities. These proposals must 
include components that will have clear metrics for success (raising awareness of ZEV 
and adoption/purchasing of ZEVs), proven feasibility/impact and defined timeframes. 
Furthermore, it is key to permit a scope that allows OEMs across all segments to 
participate with a range of solutions – also beyond the vehicle – within a viable 
economic model. [15-33].


Agency Response: Commenters recommended that the ZEV Regulation include 
flexibility for CARB’s Executive Officer to approve additional categories of 
environmental justice values in the future.  Commenters desired this flexibility both for 
California and for Section 177 states that adopt the ACC II regulations.  CARB 
declined to adopt this recommendation for both legal and policy reasons.
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California’s APA and its implementing regulations require that California regulations 
subject to the APA (including the ACC II regulations) meet a standard of clarity such 
that “the meaning of regulations will be easily understood by those persons directly 
affected by them.” (Gov. Code § 11349(c).)  The APA implementing regulations 
provide: “A regulation shall be presumed not to comply with the ‘clarity’ standard” if, 
among other things, “the regulation can, on its face, be reasonably and logically 
interpreted to have more than one meaning[.]” (CCR, tit. 1, § 16(a)(1).)  


The Office of Administrative Law, which implements the APA and reviews subject 
California regulations for compliance with the APA and its implementing regulations, 
has explained that the clarity standard limits the discretion that subject regulations can 
provide to State agencies.  If a regulation leaves so much discretion to an agency that 
a directly affected entity cannot reasonably anticipate how the regulation will affect 
them, or application of the discretion could reasonably and logically result in multiple 
interpretations or outcomes of the regulation, the regulation is considered insufficient 
under the California APA clarity standard.  CARB determined that open-ended 
flexibility for the Executive Officer to approve additional categories and amounts of 
environmental justice values may not fulfill the APA clarity standard. And CARB does 
not regulate outside California, and CARB regulations may not include an option for 
Section 177 states that is not available under California law.


As a policy matter, CARB also determined that it is appropriate for any additional 
environmental justice value categories and amounts to be developed and adopted 
through the APA notice and comment rulemaking process. This process provides 
maximal opportunity for the public and stakeholders to review and comment on 
proposals under consideration and for CARB to make decisions based on this 
informed input. For the creation of any additional environmental justice value 
categories, along with their respective procedures and accounting, extensive input 
and vetting from disadvantaged and low-income communities, other stakeholders, and 
the public is particularly important. The provisions are intended to affect 
disproportionately impacted communities that are outside the traditional populations 
of new vehicle buyers, and rely on manufacturer and dealer participation. 


D. Emission Impacts


1. Comment: Historically we’ve led the nation on setting strong auto emissions standards 
— but carbon dioxide is not a pollutant.  It is necessary for life on earth to exist.  
Without it, all plant life would die.  Attempting to reach 100% zero-emission vehicle 
sales by 2030 or even 2035 is a fool’s errand. California must lead the way by 
abandoning the foolish drive to eliminate carbon dioxide.   [OP-158]


Agency Response: Carbon dioxide is a gas necessary for life in Earth’s ecosystem.  
However, excessive amounts of carbon dioxide, far beyond levels under which human 
life has developed and particularly from anthropogenic industrial activities, damages 
ecosystems and harms human life by changing the climate and exacerbating poor air 
quality as temperatures rise. Indeed, both State and federal law recognize carbon



https://1.next.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000937&cite=1CAADCS16&originatingDoc=If5f2dce2c93511e2a160cacff148223f&refType=LQ&originationContext=document&transitionType=DocumentItem&ppcid=561be2c711c84f659d843f1cacde3e1f&contextData=(sc.Keycite)
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dioxide (among other greenhouse gases) as a pollutant.40 Refer to Section II.A in the 
ISOR, and cited publications, for a detailed description of the challenges posed by 
climate change and the need for emission reductions.


2. Comment: If CARB requires all vehicles to be battery electric vehicles (BEV) or fuel cell 
electric vehicles (FCEV), CARB is simply pushing the emissions “upstream”.  An electric 
vehicle is only as clean as the electricity use to power it.  This has further implications 
for the section 177 states that have adopted California’s automotive emission 
standards but may not have as clean of electricity as California is lucky enough to 
have….Furthermore, when evaluating vehicle emissions, life-cycle emissions should be 
considered rather than day-to-day emissions.  Although the average electric vehicle is 
cleaner than the average gasoline-powered vehicle, it has been demonstrated that 
after emissions from manufacturing and disposing of the much larger battery are 
considered… vehicle emissions should be evaluated using a full life-cycle emissions 
analysis.  [OP-117] 


Comment: The current energy infrastructure is based on fossil fuels.  So all you are 
doig is replacing enegry efficient internal combustion engines with even dirtier 
sources. [B2-10]


Comment: How can transporting the renewable natural gas made on a farm to a 
power plant turning it into electricity and then transporting that electricity back to the 
farm to charge the farm equipment, create less emissions than the farmers powering 
their equipment directly from their own locally created fuels? Requiring those farmers 
to put their renewable natural gas into the pipeline is not logistically viable. [T2-54] 


Agency Response: CARB is not requiring BEVs and FCEVs, but rather has adopted 
emission standards on new vehicles to which the rule applies such that, by model year 
2035, any new vehicle sold within the State must have zero emissions or meet the 
emission standards and requirements for a plug-in hybrid electric vehicle (anticipated 
to contain an internal combustion engine). 


CARB did evaluate upstream emission impacts from greater amounts of ZEVs, 
including BEVs and FCEVs. See Chapter 4.B.3 of the Final Environmental Analysis for 
air quality impacts analysis and Master Response 4 on page 18 of the Response to 
Comments on the Draft Environmental Analysis for a description of how lifecycle 
emissions with light-duty ZEVs in California are lower than combustion engine vehicles, 
even when using alternative fuels. And California’s electrical power is generated not 
just from natural gas but also from hydroelectric and renewable energy sources, with 
the latter increasingly making up larger portions. In the Response to Comments on the 
Draft Environmental Analysis, see Master Response 1 on pages 7-9 and the response 
to comment OP-141-15 beginning on page 67 regarding California’s renewable 
energy requirements and energy investments. California also has other programs for


40 E.g., Health & Saf. Code, §§ 38501, 38510, 39013; Massachusetts v. EPA (2007) 549 U.S. 497, 528-532; 74 
Fed. Reg. 66,496 (Dec. 15, 2009). 
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controlling upstream emissions more directly, such as LCFS, Cap-and-Trade, and the 
Renewable Portfolio Standard. 


Further, farmers can still purchase conventional vehicles up through 2034, and PHEVs 
thereafter, where liquid gasoline or diesel fuel alternatives are a viable fuel option. 
Diesel conventional vehicles can use biodiesel alternatives produced locally. If 
automakers offer flex-fueled conventional vehicles on the market, locally produced 
ethanol can be used. However, ACC II is not requiring automakers to market FFVs. The 
ACC II regulations also do not prelude a facility from using renewable natural gas 
generated on-site.


3. Comment: It is argued that the environmental impacts outweigh the economic costs of 
the regulation, however, there is some evidence that suggests environmental impacts 
may potentially be exaggerated. Environmental Research Letters published the article, 
“Environmental and economic impact of electrical vehicle adoption,” where the 
authors conducted a comprehensive impact assessment of battery electric vehicle 
(BEV) adoption (Chen, Carrel, Gore, & Shei, 2021). In this article the authors state that 
“[a]lthough BEV adoption leads to decreases in tailpipe emissions, increased 
manufacturing activity as a result of productivity increases or subsidies can lead to 
growth in non-tailpipe emissions that cancels out some or all of the tailpipe emissions 
savings”. Additionally, the Emissions Analytics released a newsletter in May 2022 
highlighting research that demonstrates pollution from tire wear can be 1,850 times 
worse than car exhaust emissions in real-world settings. Since CARB does not take tire 
wear emissions into consideration when evaluating the cost versus the benefit of the 
regulation, the proposed environmental impacts may be misleading. Emissions 
Analytics first released information in their 2020 press release that pollution of tire 
wear can be 1,000 times worse than car exhaust emissions, however, since then they 
have conducted more testing and analyses under a wide range of driving conditions 
and performed a detailed chemical analysis. Tire wear mass emissions were measured 
by high-precision scales to weigh all four wheels (tires and rims together without 
detaching) over at least 1,000 miles on real roads along with a proprietary sampling 
system that collects particles at a fixed point immediately behind each tire that are 
drawn into a real-time detector measuring the size of distribution of particles by mass 
and number. Particles from 10 microns down to 6 nanometers were measured. 
Tailpipe particles were measured using a diffusion charger analyzer for dynamic mass 
concentration and condensing particle counter for number concentration, coupled 
with a standard Portable Emissions Measurement System (PEMS). Their results indicate 
that tire wear emissions are 1,850 times greater than tailpipe emissions. Additionally, 
they discuss risks associated with battery electric vehicles (BEVs): battery weight can 
result in tire emissions that are almost 400 more times greater than real-world tailpipe 
emissions. [OP-103]


Comment: In addition, ZEVs are not the sole answer to our environmental woes. They 
still create break and tire dust. [T1-25] 


Agency Response: CARB agrees that ZEVs are part of a broad array of measures to 
address the adverse environmental impacts of contemporary society. However, 
commenter is mistaken regarding tire wear emissions: vehicle brake wear and tire wear 
emissions are accounted for in the environmental impact analysis of ACC II. See
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Appendix D of the ISOR for methods and results of the emissions inventory analysis, 
and Chapter 4.B.3 in the Final Environmental Analysis for an evaluation of air quality 
impacts, particularly Table 12 and Figure 6. This analysis shows notable decreases 
overall in fine particulate matter emissions (two tons per day or 4,553 tons by 2040) 
from ACC II even considering particulate matter emissions from tire wear that may be 
exacerbated by comparable vehicles that, all else being equal, are heavier for battery-
electric versions than the corresponding conventional versions. CARB notes, though, 
that it is not foregone that light-duty vehicle weight and associated particulate matter 
emissions will increase if a vehicle electrifies. Although some electric vehicle 
components may be weight intensive, such as battery packs, automakers may offset 
this with weight reduction in other components or the vehicle body. It would be 
speculative to project a net increase in vehicle weight as a result of ACC II. As such, 
CARB assumed tire wear particulate emissions are similar for all vehicle types and 
brake wear declines for ZEVs with regenerative braking capability which reduces the 
demand on friction brakes.


CARB further notes that commenter’s framing is unclear and potentially misleading. 
Commenter does not specify the actual volume of emissions, just that tire wear 
percentage might be magnitudes higher. As tailpipe emissions go down, the tire wear 
emissions (even if not changing) will look to be a larger share of the total emission 
inventory, even as absolute emissions are falling. 


Regarding “increased manufacturing activity”, refer to Master Response 4 beginning 
on page 18 of the Response to Comments on the Draft Environmental Analysis for a 
description of how staff evaluated lifecycle emissions.


4. Comment: Evaluate the impact of the proposed ZEV penetration on the state-wide 
particulate matter (PM) inventory (notably, due to heavier battery electric vehicles 
(BEVs)), especially in PM2.5 nonattainment areas. [OP-161-86, incorporated by 
reference into comment OP-97] 


Agency Response: This is commenter’s summary of previous, pre-rulemaking 
comments, which themselves were not submitted. CARB did evaluate particulate 
matter impacts. See preceding response (D-3). 


5. Comment: Provide data regarding the expected emission impacts of medium duty 
vehicle travel that is in towing mode. Note: CARB presented some verbal comments 
about the emissions impact of this regulation but has not provided emission 
calculations. [OP-161-89, incorporated by reference into comment OP-97]


Agency Response: This is commenter’s summary of previous, pre-rulemaking 
comments, which themselves were not submitted. CARB did provide this data. The 
expected emission impacts from towing are discussed in the SRIA (Appendix C of the 
ISOR), which included data on the emission impacts for the proposed MDV PEMS in-
use standard that would affect towing emissions primarily from diesel vehicles. Figure 
2 from the SRIA on page 30 shows the baseline emission rates and the emission rates 
for MDVs meeting the proposal. The baseline emission rates were calculated based on 
vehicle operation data collected by CARB, which correlates vehicle emission rates and 
vehicle speed. Although towing emissions were not included in the baseline
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calculation, it shows that a significant reduction is still achieved from operation at the 
lower vehicle speeds and during higher vehicle speed operation. If the towing 
emissions were included in the baseline calculation, the reductions would be 4-6 times 
larger. With these emission rates an annual reduction can be calculated. 


For additional emissions data during towing, CARB conducted testing on several 
diesel MDVs and presented the data in Appendix H of the ISOR. The data shows 
emissions for two MDVs during towing at 80% gross combined weight rating (GCWR) 
with emissions four to ten times larger than normal vehicle operation at half payload. 
Following release of the ISOR, further testing was conducted on gasoline MDVs while 
towing; these data were added to the rulemaking record in the Second 15-Day 
Notice.41,42 The gasoline emissions data is evaluated using the moving average window 
(MAW) standards shows similar emissions increase while towing as the diesel vehicles. 


6. Comment: CARB fails to consider the leakage potential of its ZEV proposal, based on 
an accurate life cycle analysis of the greenhouse gas (GHG) emissions associated with 
electric vehicles and associated infrastructure, as well as residual demand for liquid 
fuels for internal combustion engine vehicles (ICEV) remaining in 2035 and beyond. 
CARB has a responsibility to minimize the “leakage” potential of any regulatory 
activities. As part of this responsibility, CARB must analyze the potential for emissions 
reduction activities in the state to be offset by an equivalent or greater increase in 
GHG emissions outside the state. This analysis necessarily requires estimating 
emissions impacts outside the state, including how higher in-state power sector costs 
would drive greater economic investment outside of California, potentially resulting in 
increased emissions outside of the state, which CARB has failed to do. CARB 
acknowledges that “ICEVs will remain in use on California’s roads well beyond 2035,” 
but fails to account for the possibility that competitive disadvantages to California oil 
and gas production and refinery businesses will either drive these businesses out of 
state or force these businesses to shut down, requiring California to import petroleum 
or refined petroleum products to meet remaining demand. [OP-161-51, incorporated 
by reference into comment OP-97]


Comment: CARB fails to consider the leakage potential of its ZEV proposal, based on 
remaining demand for liquid fuels for ICEVs remaining in 2035 and beyond. CARB has 
a responsibility to minimize the ”leakage” potential of any regulatory activities. As part 
of this responsibility, CARB must analyze the potential for emission reduction activities 
in the state to be offset by an equivalent or greater increase in emissions of GHGs 
outside the state. This analysis necessarily requires estimating emissions impacts 
outside the state, which CARB has failed to do. CARB acknowledges in its ISOR that 
“ICEVs will remain in use on California’s roads well beyond 2035,” but fails to account 
for the economic and emissions consequences that would occur if disadvantages to


41 California Air Resources Board. 2022. PEMS data of MY2020 Ford F250 class 2b gasoline used for MAW 
analysis. CARB2022xxx, Second 15-Day Notice.
42 California Air Resources Board. 2022. PEMS data of MY2021 Silverado 2500 Class 3 gasoline used for MAW 
analysis. CARB2022yyy, Second 15-Day Notice.
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California oil and gas production, refining, and renewable fuel businesses ultimately 
result in greater reliance on imports to meet remaining demand for non-transportation 
fuels impaired by this rulemaking and/or for residual transportation fuel demand. [OP-
141-1]


Comment: [T]he ISOR does not fully analyze and minimize leakage associated with 
electricity demand, the source of which will be out of state as California struggles to 
increase its own grid capacity and the increased risk of wildfires. [T2-1]


Comment: Commenter states “CARB does not consider how the Proposed Regulation 
could cause businesses to relocate to other states.” [OP-141-12]


Agency Response: The comments assert that CARB must analyze “leakage” of 
emissions and failed to do so. Commenters are mistaken. “Leakage” in this case 
means emission increases outside California that offset emission reductions in 
California. (Health & Saf. Code, § 38505.) CARB analyzed potential emissions outside 
California. See the response to comment OP-141-1 on pages 55-56 and Master 
Response 4 on page 18 of the Response to Comments on the Draft Environmental 
Analysis for responses on leakage and lifecycle emissions, respectively. The analysis of 
the ACC II regulations shows that the GHG emission reductions are significant. The 
potential emissions from manufacturing outside California that may not otherwise 
occur but for the regulations cannot be estimated with any reasonable accuracy given 
the extent of significant uncertainties and variation regarding such emissions. These 
uncertainties and variations include manufacturing location, sources of materials and 
components, process technologies used at various facilities, local environmental 
regulations in foreign countries, etc. However, numerous studies have shown the 
lifecycle GHG reduction potential of existing ZEVs, including GHG emissions from 
well-to-wheel operations and vehicle manufacturing and disposal. The emission 
reductions within California from the ACC II regulations are expected to outweigh 
emissions associated with manufacturing and result in a significant beneficial 
environmental impact. See Master Response 4 at page 20 of the Response to 
Comments on the Draft Environmental Analysis.  


Moreover, electricity produced out of state and used in-state for ZEV fuel demand will 
be controlled in separate programs given that imported electricity is included in the 
AB 32 GHG emissions inventory and therefore subject to the SB 32 statutory emission 
reduction target for 2030. Any electricity transmitted (regardless if from in state or out 
of state) was addressed in the ACC II analysis, as the emissions factors used reflect 
compliance with the SB 100 Renewable Portfolio Standard targets, as explained in 
Master Response 4. This is described in further detail in Appendix D of the ISOR and 
the response to comment OP-25 in the Response to Comments on the Draft 
Environmental Analysis (page 81).


CARB also considered forecasts of electricity supply and costs. The evidence in the 
record does not show that the demand for electricity from the ACC II regulations will 
significantly increase retail electricity prices, which are subject to regulatory controls. 
See Master Response 1 at pages 6-9 of the Response to Comments on the Draft 
Environmental Analysis; Form 399 Attachment, Proposed Amendments to the Low-
Emission, Zero-Emission, and Associated Vehicle Regulations (ACC II regulations), pp.
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34-35, Fig. 4. Because of the planning and investments underway to ensure an 
adequate energy supply at reasonable costs, the record does not show that significant 
numbers of businesses are expected to relocate outside California because of the 
effects on retail electricity costs of the ACC II regulations. Electricity produced out of 
state and used in-state for ZEV fuel demand will be controlled in separate programs 
given that imported electricity is included in the AB 32 GHG emissions inventory and 
therefore subject to the SB 32 statutory emission reduction target for 2030.


CARB did analyze the impact of the ACC regulations on demand for liquid fuels. 
Please refer to the ISOR Appendix D for a description of staff’s analysis related to 
upstream fuel production and delivery. Staff assume oil extraction and petroleum 
production and delivery activities will decline proportionately to declining gasoline 
demand from the passenger vehicle fleet. Staff estimate sufficient in-state production 
of gasoline will remain because of the continuing in-state demand from conventional 
vehicles that will remain in use for years to come. The regulations are designed to be 
feasible in the time provided, and so will minimize the potential for leakage. 


Lastly, comment OP-161-51, at p. A-3, fn. 14, presents a scenario where the proposed 
regulation begins to be implemented, resulting in closure of petroleum refineries, but 
then is subsequently withdrawn or substantially not complied with, purportedly 
because of a hypothetical failure or infeasibility, creating a situation where demand for 
liquid petroleum fuel remains or increases but is not capable of being met. 


CARB is not required to, and did not, analyze this alternative for several reasons. 
CARB is not required to analyze every possible circumstance among an infinite 
spectrum; CARB must consider reasonable alternatives. (See Gov. Code, § 11346.2, 
subd. (b)(4); Cal. Code Regs., tit. 14, § 15126.6.) This alternative is not amongst the 
reasonable. Furthermore, it is, in essence, a different proposal under different starting 
circumstances and one that does not meet the objectives of the regulation. Based on 
the evidence in the record, it is not likely to occur. The technological and economic 
feasibility of the regulation is well established. CARB is not required to analyze the 
potential impacts of failures of its proposed regulation or potential future changes to 
its proposed regulations. The evidence does not show that refineries would shutter 
completely leading to a lack of petroleum fuels for the conventional vehicles that will 
remain on California’s roads for decades to come, continuing to provide significant 
market demand for fuel, in addition to remaining demand in other sectors of the 
economy and outside California. 


7. Comment: CARB completely overlooks the significant current and projected 
reductions in GHG emissions associated with the liquid transportation fuel pool that 
are occurring in response to the LCFS, the federal Renewable Fuel Standard (RFS), and 
interest from shareholders to reduce GHG emissions associated with the production of 
fuels. Production of fuels with lower carbon intensity has already resulted in significant 
reductions in GHG emissions attributable to the domestic transportation fuel pool 
and, due to the continued success of the LCFS and RFS, there is significant and 
increasing private investment in low-carbon fuel technologies that will further expand 
GHG reductions in the transportation economy. Further, numerous companies 
involved in both exploration and production of crude oil as well as production of both 
renewable and nonrenewable liquid fuels have begun projects to sequester, capture,







120


or displace carbon, further reducing the GHG emissions associated with liquid fuels in 
the transportation sector. [OP-161-61, incorporated by reference into comment OP-
97] 


Comment: CARB has authority to prescribe standards for new motor vehicles, but 
CARB should take caution in establishing standards that undermine other critical 
statutorily-authorized programs such as the LCFS. The LCFS is a proven GHG 
reduction program. CARB should seek to harmonize the continued success of the 
LCFS with a mobile source program that incentivizes investment in a broad range of 
low-emission technologies rather than limit innovation in a manner that stifles the 
progress made by other programs…


The EO acknowledged the need for an extension to the LCFS program beyond 2030 
as the transition of California’s light-duty fleet is implemented. Moreover, the EO does 
not mandate, as CARB proposes, a specific zero-emission technology at the expense 
of others. By prescribing specific zero-emission technologies, CARB unreasonably 
ignores and frustrates the vast emission reduction framework achieved via the LCFS. 
[OP-141-37]


Agency Response: CARB disagrees with the assertion or implication that the ACC II 
ZEV regulation and the LCFS may be in conflict, and instead views them as 
complementary programs. 


The LCFS regulation requires fuel producers and importers to reduce the average 
statewide carbon intensity of transportation fuels and includes a credit mechanism to 
provide flexibility to regulated parties to meet the applicable standards. This 
framework results in a strong market-based incentive for low carbon fuels, including 
renewable fuels, electricity, and hydrogen, which can generate credits to be sold to 
other regulated parties for their compliance. In this way, the LCFS regulation is 
working to reduce lifecycle GHG emissions from transportation fuels as commenters 
note. The emissions benefits associated with the LCFS regulation have already been 
accounted for in the regulatory baseline, so the commenter incorrectly asserts that 
CARB “completely overlooks the significant current and projected reductions in GHG 
emissions associated with the liquid transportation fuel pool.” Furthermore, any low 
carbon fuels that are produced and sold as a result of the LCFS regulation would not 
result in new benefits by including these fuels in the proposed regulation. Conversely, 
when estimating the benefits of the LCFS regulation and its amendments, staff 
recognized that the LCFS regulation by itself would not be sufficient to encourage 
manufacturers to begin producing ZEVs because it would mean manufacturers would 
need to switch to a new vehicle technology and a new fuel type rather than continue 
producing conventional vehicles that operate on a low-carbon variant of the same fuel. 
Therefore, the emissions benefits associated with increased adoption of ZEVs were not 
attributed to the LCFS regulation and are instead properly attributed to the ACC II 
ZEV regulation.    


Overall, the ACC I and ACC II programs are vehicle emission regulations. Meeting the 
emission standards is expected to affect the types of fuels passenger vehicles use in a 
way that supports, rather than conflicts, with the carbon intensity reduction 
requirements of the LCFS. LCFS is a transportation-fuels performance standard that
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requires increasingly low-carbon fuel alternatives for the types of fuels demanded by 
passenger vehicles and other mobile sectors. The LCFS supports both the transition to 
ZEVs and the decarbonization of legacy internal combustion engine vehicles on the 
road. See also responses to comments B-3 (regarding a low-carbon fuels alternative) 
and C-2 (regarding a lack of conflict with RFS) above. It should also be noted that the 
ACC I and ACC II programs require increasing numbers of ZEVs that present unique 
emissions benefits compared to existing vehicles; namely, that ZEVs have the inherent 
capability of emitting no tailpipe emissions of criteria pollutants or GHGs, and emit 
reduced emissions of PM compared to conventional vehicles (as a result of 
regenerative braking).


8. Comment:  I strongly encourage you to adopt regulations guided by life cycle 
assessment (LCA) emissions analysis.  Unlike regulations which only consider tailpipe 
emissions, LCA based regulations account for the full scope of vehicle environmental 
impact.  To only focus on tailpipe emissions is to discount very important big picture 
environmental factors such as the carbon net negativity offered by ICE renewable fuels 
production, adverse environmental impact of BEV and battery production, and 
adverse environmental impact of electricity production for BEV propulsion. [OP-174] 


Comment: Has the true life-cycle of CO2 emissions really been calculated properly?
1. Vehicle production which includes CO2 emissions released during all vehicle stages 


of production processes.
a. This would include the extraction of raw materials and include the final 


vehicle assembly.
b. Where will we get the raw materials from?   This has national security 


implications.
c. This includes the production of the truck and the large lithium-ion battery.


2. Energy production and consumption which includes CO2 emissions released during 
the production of energy (e.g. the production of electricity at a power plant, or the 
refining of diesel fuel or gasoline from crude oil).


a. This would include the CO2 emissions from fuel consumption of the internal 
combustion engine.


3. Vehicle disposal and recycling which includes emissions related to the disposal of 
or recycling of the truck and all its related parts which would include the recycling 
of any lithium-ion batteries or other technologies to power the vehicle.


Is there a method to completely recycle a lithium-ion battery now or will some of 
this end up in a landfill?   Good question. [OP-75]


Comment: SEMA believes that, before this regulation is adopted, further analysis of 
the full emissions impacts of BEVs should be analyzed and reviewed by CARB to 
determine if, when factoring upstream and downstream emissions impacts, BEVs have 
less of an emissions impact than ICEVs. [15-5]


Comment: Before this regulation is adopted, further analysis of the full emissions 
impact of battery electric vehicles should be analyzed and reviewed by CARB to 
determine if, when factoring in upstream and downstream emissions impacts, battery 
electric vehicles have less of an emissions impact than internal combustion engine 
vehicles. [T2-46].
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Comment: The life cycle assessment of the manufacturing of parts for these vehicles 
[Evs] far exceed the climate impacts that we hope to negate. [B1-23]


Agency Response: Though the ACC II regulations target direct vehicle emissions, 
CARB, in fulfilling its statutory obligations, considered full emissions and 
environmental impacts of the regulations. CARB conducted a full and robust 
environmental analysis, which included evaluations of lifecycle emissions, low-carbon 
fuels, BEV and battery production, and electricity generation. In the Response to 
Comments on the Draft Environmental Analysis, see Master Response 2 regarding 
semi-precious metals mining impacts, Master Response 3 for an evaluation of low-
carbon fuels as an alternative, Master Response 4 regarding lifecycle emissions; see 
also Final Environmental Analysis chapter 4.B.3 for air quality impacts analysis, 
including from electricity generation. Further, note that California has a number of 
separate requirements on transportation fuel production and feedstock collection to 
reduce upstream emission impacts.


9. Comment: Even if other states adopt California’s internal combustion engine ban, 
global climate change outcomes will remain unchanged. [15b-2-16]


Agency Response: This comment was submitted during the Second 15-Day Notice, 
the scope of which was solely additional documents relied upon being added to the 
record. As such, this comment is beyond the scope of the comment period and no 
response is required. Nevertheless, the commenter is incorrect: the ACC II regulations 
do not ban internal combustion engines and are estimated to significantly reduce 
climate-changing emissions. Reducing such emissions are necessary to reduce the 
effects of climate change.43


10. Comment: Although it is not stated explicitly, the emission reduction analysis shown in 
Appendix D of the ISOR appears to include a GHG tailpipe reduction in MY 2026 due 
to increased ZEV penetration. However, in MY 2026 manufacturers will be governed 
by the existing GHG tailpipe fleet average standards imposed by the ACC I GHG 
regulation or the recently adopted federal standards. Those standards allow 
manufacturers to include ZEVs in the fleet average, which means that emission 
reductions from ZEVs can be offset by emission increases elsewhere in the fleet. NRDC 
does not have manufacturer-specific compliance plans for MY 2026 but as a general 
rule we have not assigned any GHG tailpipe reductions to increased ZEV penetration 
under ACC I. Manufacturers may choose to voluntarily over comply with the GHG 
tailpipe fleet average in MY 2026 in anticipation of a future rule that removes the 
ability to include ZEVs in the fleet average, but our understanding is that from a legal


43 See, e.g., ISOR references USGCRP 2018. U.S. Global Change Research Program. 2018. Impacts, Risks, and 
Adaptation in the United States: Fourth National Climate Assessment, Volume II. [Reidmiller, D.R., C.W. Avery, 
D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. U.S. GCRP, Washington, DC, 
USA, 1515 pp. doi: 10.7930/NCA4.2018; Office of Environmental Health Hazard Assessment, California 
Environmental Protection Agency. 2018. Indicators of Climate Change in California. May 2018. 
https://oehha.ca.gov/media/downloads/climatechange/report/2018caindicatorsreportmay2018.pdf.
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standpoint they are not required to do so. Assuming that new federal and/or State 
GHG tailpipe standards are adopted for MY 2027 and beyond, this issue only applies 
to MY 2026. [OP-99]


Agency Response: The commenter describes different scenarios for modeling vehicle 
GHG emissions and recommended CARB reflect these in its analysis, although 
conceded the changes would not have a significant impact. Although it is possible 
there could be an off-setting increase in MY 2026 tailpipe GHG emissions due to the 
use of ZEVs in the fleet averaging provisions of ACC I, staff did not model such a 
scenario for the following reasons: (1) the 2026 federal fleet average standard is in 
place and will be more stringent than the current California ACC I regulation, which 
will likely require manufacturers to sell cleaner (i.e. lower GHG-emitting vehicles) to 
meet the standards; (2) it would be costly for manufacturers to undo changes that 
have been implemented to comply with current standards under the ACC I regulation 
such as lightweight materials, aerodynamic body designs and more efficient 
engine/transmissions; and (3) such back-sliding would make the manufacturers ill 
positioned to meet future Federal standards.


11. Comment: The commenter states “CARB must provide justification as to why 
rescinding the SAFE rule would result in an increase in BEVs in the State’s baseline 
fleet from ~11% to ~19% in 2026. The Emissions Inventory Methods for the ACC II 
analysis (ISOR Appendix D) appear to update the baseline BEV and PHEV sales 
following the rescinding of the Safer Affordable Fuel-Efficient Vehicles (SAFE) rule. 
However, in the newest version of EMFAC released (v1.0.2), the light-duty auto (LDA) 
population in 2026-2050 does not appear to change relative to the population from 
the previous version of EMFAC (v1.0.1), which included the SAFE rule. It is not clear 
how CARB has derived these new ZEV vehicle baseline population values presented in 
the ISOR Appendix D, and their basis for increasing the BEV population baseline 
based on the rescinding of the SAFE rule is similarly unclear. The SAFE rule sets a 
standard for GHG emission reductions, not a mandate of increased BEV and PHEV 
sales. CARB must provide justification as to why this would result in an increase in 
BEVs in the State’s fleet from ~11% to ~19% in 2026 given the SAFE rule does not 
require the sale of ZEVs and provide EMFAC runs to show where how this new 
population baseline was derived to ensure transparency in their emissions inventory 
development through this rulemaking process. [OP-161-78, incorporated by reference 
into comment OP-97]


Agency Response: While the newest version of EMFAC does reflect the repeal of the 
SAFE rule, it does not currently reflect the recent federal GHG standards implemented 
by the U.S. EPA in 2021. In this rule, U.S. EPA staff projected nationwide ZEV sales as 
a regulatory compliance mechanism in model years 2023-2026, projecting nationwide 
ZEV sales fractions of 10%, 12%, 16%, and 17% for passenger cars and 5%, 9%, 11% 
and 17% for light-trucks in those model years, respectively.  Given California ZEV sales 
fractions have historically been higher than the national average, CARB believes it was 
appropriate to reflect the impact of the newly adopted federal GHG standards and to 
increase the ZEV sales fractions in the California fleet in those model years 
accordingly.  CARB made the adjustments using the U.S. EPA CAFE Compliance and 
Effects Modeling System (CCEMS) output associated with the federal rule. This output
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provided year-by-year nationwide sales fractions by technology type for passenger 
cars and light trucks.  With this information, CARB calculated the year-over-year 
incremental change in nationwide ZEV sales fractions by technology type for 
passenger cars and trucks and applied those incremental changes to the California 
ZEV sales fractions for model years 2023-2026.  When those changes are applied, the 
combined ZEV (i.e., BEV + PHEV) sales fractions in the California fleet increase 
substantially from 10% in 2022 to 22% in 2026.  The specific baseline sales fractions 
derived from this analysis are presented in Appendix D of the ISOR.


E. Economic Impacts


Vehicle Costs


1. Comment: The ZEV technology package costs used in the ISOR have been reduced 
relative to those used for the Standardized Regulatory Impact Assessment (SRIA). 
NRDC appreciates staff’s engagement on cost issues and use of more recent data. 
Even with those changes, however, the projected ZEV costs used in the ISOR are 
significantly greater than those derived by other recent authoritative analyses. [ICCT 
and BNEF] [OP-99]


Comment: Using the ISOR estimates, ZEVs reach price parity with conventional 
vehicles much later than in the other analyses referenced below. Although staff’s 
recommended stringency is not directly tied to price parity, more rapid cost reduction 
would provide additional support for the accelerated MY 2029-2034 trajectory 
recommended by NRDC. [OP-99]


Agency Response: CARB appreciates NRDC’s willingness to provide input to CARB 
related to ZEV costing and understands that NRDC still believes the costs CARB used 
to be too conservative. CARB determined that the ZEV standards are the maximum 
feasible, based on the evidence in the record, considering the relevant factors. These 
include the time to develop and implement the technology and necessary aspects of 
the standards, like battery durability, which do not seem to be accounted for in the 
ICCT and BNEF analysis. Even with higher costs relative to those cited by the 
commenter, the ACC II regulations still provide net benefits to Californians.


2. Comment: We reviewed ARB’s assumptions on battery costs and found that these are 
well aligned with the best available evidence and the scientific literature. [OP-149]


Agency Response: CARB acknowledges the commenter’s review of staff’s assumptions 
on battery costs and appreciates that the commenter believes them to be aligned with 
the best available evidence and scientific literature.


3. Comment: Businesses purchasing ZEVs will face significantly higher purchase costs. 
Today, the incremental cost for a ZEV compared to an ICE vehicle with similar 
features, capabilities, and range is well over $10,000 for small vehicles, and well over 
$20,000 for high-end sedans, SUVs, and pickup trucks. The California Air Resources 
Board (CARB)-issued Standard Regulatory Impact Report (SRIA) for the ACC II 
proposed regulation assumes that the current price increments will diminish sharply 
between now and 2035, due to improved and simplified battery cell and pack designs,
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introduction of new battery chemistries, new manufacturing techniques, and 
economies of scale from increasing production volumes. 


Even if the SRIA’s optimistic assumptions are realized, however, price differentials will 
remain significant through 2035 for larger vehicles used by businesses, such as pickups 
and vans. For example, CARB estimates that the incremental manufacturing cost for a 
high-end battery-powered electric vehicle (EV) pickup with towing capacity will be 
$11,600 in 2026 and remain at $4,000 above a comparable ICE vehicle in 2035. The 
implication is that it will take many years of operational savings to offset the higher up-
front incremental costs resulting from purchases of more expensive ZEVs. [OP-161 
Attachment E (p. 3-4)44]


Agency Response: CARB made several adjustments to BEV, FCEV, and PHEV 
attributes and costs after the SRIA was released based upon stakeholder comments 
and newer information that became available, such as Argonne National Laboratory 
(ANL)’s advanced vehicle technology study.45 The details of those changes are 
explained in Section X.A.1. of the ISOR. Some non-battery cost formulas were 
adjusted for all the technologies, mechanical all-wheel drive (AWD) delete costs for 
conventional ICE powertrains were accounted for, adjustments to FCEV specific costs 
and attributes were made, usable battery energy (UBE) percentages were reduced 
(increasing total battery energy (TBE) and battery pack costs) for BEVs and PHEVs to 
better account for battery durability requirements, ACC I GHG technology incremental 
costs slightly increased, and towing package motor power was adjusted. 


The regulation does not require every vehicle to be a BEV. FCEVs and PHEVs are 
additional technological pathways within the regulation. In the segments that are more 
difficult to electrify, like long range, towing capable pickups and SUVs, PHEVs and 
FCEVs may be a better fit. CARB’s fleet modeling showed that no towing package 
BEV pickups or SUVs were chosen due to the higher incremental cost relative to their 
FCEV and PHEV counterparts. The towing packages were also incremental to base 
conventional vehicles. Staff did not include higher towing level packages that are 
available on conventional vehicles like high output diesel or gasoline engines, larger 
fuel tanks, or other components that may also add significant incremental cost which 
would effectively reduce the incremental cost of those analogous BEV, PHEV, and 
FCEV vehicle technology packages.  CARB’s analysis showed that the average 
incremental vehicle cost per vehicle is projected to be $1,119 for model year 2035.


44 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
45 ANL 2021. Islam, Ehsan Sabri, Ram Vijayagopal, Ayman Moawad, Namdoo Kim, Benjamin Dupont, Daniela 
Nieto Prada, and Aymeric Rousseau. 2021. A Detailed Vehicle Modeling & Simulation Study Quantifying Energy 
Consumption and Cost Reduction of Advanced Vehicle Technologies Through 2050. Report to the US 
Department of Energy, Contract ANL/ESD-21/10, Energy Systems Division, Argonne National Laboratory. 
https://publications.anl.gov/anlpubs/2021/06/167626.pdf.



https://publications.anl.gov/anlpubs/2021/06/167626.pdf
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Some vehicle segments and technology combinations may experience lower 
incremental manufacturing costs than their conventional ICE counterparts and other 
combinations may be higher.


4. Comment: The towing requirements established by ARB for a subset of BEV SUVs and 
pickup trucks lead to greatly inflated cost estimates. The towing requirements as 
formulated require battery capacities much larger than the battery capacity used in 
BEV pickups currently on the market. 


ARB should reexamine the assumptions that require large increases of battery capacity 
on towing package BEVs. ARB’s cost model for pickup trucks requires between 102 
and 131 kWh of additional battery capacity. In the case of the ‘base’ BEV pickup 
model, this additional battery is larger than the battery in non-towing models (i.e., 
more than double the battery capacity), meaning that the “300 mile” BEV pickup 
model is modeled as having over 600 miles of range when not towing, a result which 
artificially inflates BEV costs and places them much higher than other powertrain 
options. [OP-172].


Agency Response: With the requirement to reach 100% ZEV and PHEVs by 2035, staff 
made its best effort to characterize the technology and project future costs for all 
vehicle segments. Several existing conventional ICE powertrain pickups and larger 
SUVs are capable of towing significant mass while also retaining the ability to refuel 
quickly. Many of those vehicles also have options to add larger fuel tanks to retain 
reasonable ranges while towing. Staff modeled towing capable pickups and larger 
SUVs with similarly capable BEV, PHEV, and FCEV powertrains to analyze what those 
vehicles would cost consumers that require that capability. The results of that analysis 
showed that towing capable PHEV and FCEV technology packages were significantly 
more cost effective and thus chosen by staff’s fleet modeling scenarios over the BEV 
versions in all cases.


5. Comment: We agree with the decision to include a delete cost for mechanical all-
wheel drive (AWD) systems when considering the cost of electric drive AWD system. 
However, UCS believes that the estimate of $500 is too low. Based on research 
commissioned by UCS and the Center for Applied Environmental Law and Policy (see 
attached report), we believe that mechanical AWD systems have a cost of $1,409, 
based on the same Manufacturers’ Suggested Retail Price (MSRP) and Retail Price 
Equivalent (RPE) approach used by ARB. Using ARB staff’s estimate of $325 for shared 
AWD and electric drive AWD components, the delete cost for mechanical AWD 
should be increased to $1,084. [OP-172]


Agency Response: In the absence of teardown cost information similar to what was 
used for other components, CARB relied on the best available information to estimate 
an AWD mechanical delete cost based on retail cost differences between FWD and 
AWD models of the same trim levels. The details of that analysis can be found in 
Section X.A.1. of the ISOR with calculations shown in Table X-1. 


The commenter included its own analysis of what they believe the AWD mechanical 
delete cost should be. However, the report included with the comments is overly brief 
and lacks the level of detail needed to fully understand whether the analysis is in direct
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manufacturing costs or retail price equivalent and it is unclear what components the 
$1,409 was covering.  That analysis appears to include a technology known as 
secondary axle disconnect (SAX) that mechanically decouples the secondary axle in an 
AWD system to reduce parasitic drag and improve fuel economy. SAX is a technology 
included in fleetwide analysis of what it would cost to meet EPA’s 2026 GHG 
standards. Staff already captured the cost of that technology within the GHG 
reduction equipment technology removal costs portion of the costs that are deleted 
from a conventional vehicle. Details of that cost can be found in Section VI.D. of the 
ISOR Appendix G: ACC II ZEV Technology Assessment.  Based on staff’s assessment, 
it expects the $1,409 was a retail price equivalent for the complete AWD system as 
staff found a similar price difference ($1,500) for one of the two models surveyed.  If 
this is the case, then the difference between staff’s calculated non-shared direct 
manufacturing costs ($500) and the commenter’s after correcting for RPE and 
removing shared costs ($614) is only $114 instead of the $1,084 suggested by the 
comment.  


6. Comment: For the fleet as a whole, a wide range of vehicle types will see savings. 
Roush found that the incremental powertrain cost of purchasing a BEV instead of an 
ICEV in 2030 will be lower for almost all vehicle subclasses and packages. When the 
Roush projections are combined on a fleetwide average basis, the incremental 
powertrain cost of purchasing a BEV is cheaper than an ICEV in both 2030 and 2035, 
regardless of the choice of ICEV technology.


Roush also found that for every vehicle subclass and segment analyzed, it is less 
expensive to own a BEV purchased in 2030 over the life of the vehicle than it is to own 
a gasoline or diesel vehicle. And in almost every case there was TCO parity with ICEVs 
at the time of purchase in 2030. The payback for large premium SUV BEVs is estimated 
to take 2 years and the payback for premium pickup BEVs is one year after purchase in 
2030. For a full summary of the preliminary results of this analysis see Attachment A.


These preliminary results, which are expected to be finalized shortly, reinforce the fact 
that ARB’s proposal overstates the costs of BEVs and that in fact a rapid transition to 
BEVs is not only cost-feasible but will provide significant savings to consumers within 
the first few years of the program. [OP-142]


Comment: For context, if ICEVs are required to adopt these additional GHG control 
technologies by 2030, the added delete cost of $3,350 per vehicle for passenger cars 
would be more than twice ARB’s current estimated incremental cost of $1,366 for 
BEV300 small cars in 2030. In other words, simply incorporating these additional ICEV 
costs without addressing any of the other issues we have raised with ARB’s ZEV cost 
assumptions, including the rapidly declining costs Roush identified above, would result 
in ZEVs reaching cost parity with ICEVs much earlier in the program and possibly well 
before 2030. To accurately project the cost of ZEV sales requirements, we strongly 
urge ARB to include these additional delete costs in its final analysis. [OP-142]


Agency Response: CARB made a robust effort to project ZEV costs out to 2035 based 
on the best information available. The commenter cites a Roush study they included 
stating that it demonstrates BEVs are already close to cost parity with conventional 
vehicles. CARB looked at the study and disagrees with what Roush considers as a base
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ICE powertrain to conduct its incremental cost analysis of BEVs from, particularly when 
considering GHG reducing technology needed for vehicles to meet the ACC I 
regulation. To not double count the GHG compliance costs, CARB chose to start at 
base ICE powertrain configurations such that the fleet average cost to comply with 
ACC I could be subtracted from BEV, FCEV, and PHEV incremental costs rather than 
applying compliance technology assumptions to the base ICE powertrain. Section 
3.1.1.2.d. of the SRIA describes the base ICE powertrain assumptions with updates 
made to those assumptions detailed in Section X.A.1. of the ISOR. 


For example, a small SUV in Roush’s analysis qualifies a base powertrain to have the 
following U.S. EPA-defined technologies: high compression ratio level 1 Atkinson cycle 
(HCR1), cooled exhaust gas recirculation (CEGR), and an advanced eight-speed 
transmission. Each of those technologies adds significant cost over what CARB 
considers to be a base configuration, and including those technologies likely means 
that the base vehicle would meet GHG reduction requirements out to the 2025 model 
year. Given the CARB methodology already accounts for technology costs added to 
ICE vehicles to meet the 2025 GHG standards in the delete costs for the ZEV 
packages, it would be inappropriate to double-count such costs by further adding 
them to the remaining ICE vehicles.


As described in the response to comment A-20 above, even without further changes 
to CARB’s cost assumptions as suggested by the commenter, the TCO analysis 
showed that even 2026 model year BEV owners will cumulatively save money over the 
ten-year period studied.  However, assessment of the feasibility of transitioning to a 
predominantly ZEV light-duty fleet is more than just an analysis based on cost savings 
to the driver. The state of ZEV technology itself is a major factor in determining 
feasibility, and BEV and FCEV technologies continue to evolve at a rapid pace.  
Manufacturers need to be able to make the transition and reorient supply chains, 
design processes, and manufacturing facilities without unnecessarily terminating 
current powertrains or vehicles prematurely and at a significant cost.  EV charging and 
hydrogen infrastructure needs to be expanded statewide, and the electric grid supply 
and distribution infrastructure needs to be enhanced.  Vehicle purchasers, both new 
and used, need increased awareness, interest, and assurances that ZEV technologies 
will meet their vehicle needs. All of these factors, and more, were part of the overall 
assessment by staff in determining the feasibility and appropriate stringency of the 
ACC II requirements.


7. Comment: Commenter states “The ISOR assessment of the prices of ZEVs is 
unfounded and leads to a skewed cost assessment that does not fully capture the cost 
of ZEVs to consumers. The ISOR estimates of the future ZEV price declines do not 
consider the supply-chain constraints that could have an impact on the cost of the 
ZEVs. Capitol Matrix Consulting (CMC) completed a review of the impact of ACC II on 
California Businesses (Attachment E) and notes that CARB has assumed a continued 
decrease in battery costs of ~7% per year from 2020-2030 and ~5% annually from 
2030-2035. CMC found that this does not take into account key factors that drive 
battery prices up such as supply constraints and worldwide demand for battery-
powered vehicles. CMC cites that battery prices are rising in 2022 due to increases in 
prices of battery-related metals. These prices could potentially continue to increase as
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there is a continued growing uptake of battery-powered vehicles, and this would be 
further exacerbated by the additional demand generated by the implementation of 
the ACC II proposal.


CMC estimated the resulting incremental purchase price of a EV pickup would be 
$16,000 in 2026 and nearly $10,000 in 2035, if the recent uptick in battery prices was 
taken into account and the future price decline assumptions in the SRIA were cut in 
half. CARB should re-evaluate they assumptions for BEV vehicles update their cost-
effectiveness and benefit-cost ratio analysis to reflect the recent market trends noted 
in CMC’s analysis (Attachment E).” [OP-161-75, OP-97]


Comment: CARB estimates of future ZEV price declines may be overstated. While it is 
reasonable to assume some reduction in ZEV prices as the market achieves scale and 
technological advances continue, recent trends suggest that the size of the reductions 
may be significantly less than assumed by CARB in the ACC II SRIA projections. The 
CARB projections are based on the assumption that battery costs, measured as dollars 
per kilowatt hours (kWh) of battery capacity, will decline steadily by 7 percent per year 
between 2020 and 2030, and by 5 percent annually between 2030 and 2035. 
However, battery prices are rising in 2022 due to sharp price increases for battery-
related metals such as cobalt, nickel sulfate and lithium carbonate, and it is probable 
that these upward pricing pressures will continue for several years. Key factors pushing 
up battery prices are growing worldwide demand for battery-powered vehicles and 
supply constraints caused by long lead times needed to open new mines and strong 
resistance to new mining in the U.S. and other western countries. 


As an illustration of the impact of slower price-declines in battery costs on future 
vehicle price differentials, if we (1) take into account the recent uptick in battery prices 
and (2) then assume that future price decline in battery costs from 2022 levels are one-
half that assumed in the SRIA (i.e., 3.5 percent instead of 7 percent annually through 
2030 and 2.5 percent instead of 5 percent annually between 2030 and 2035), the 
resulting incremental price for the EV pickup would be $16,000 in 2026 and nearly 
$10,000 in 2035. 


It is important to note that these differentials reflect only manufacturing costs. The full 
price difference is magnified significantly when dealer markup, sales taxes, vehicle 
license fees, and financing costs are included. Also, the price increment does not 
consider the additional expense of on-site chargers, which can range from the high 
hundreds of dollars to several thousands of dollars for level-2 chargers, depending on 
whether electrical upgrades are needed. For rapid chargers, annual costs can easily
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exceed $75,000 for the charger and installation costs combined. [OP-161 Attachment 
E (p.4)46]


Comment: With the cost of transition minerals expected to escalate as a function of 
limited supply and increasing demand, the costs to manufacture and purchase EVs will 
likely rise. [OP-141-26]


Agency Response: CARB described the projected battery costs used for the 
technology cost modeling in section 3.1.1.2.a. of the SRIA. CARB’s battery cost 
projections are based primarily on the National Academies of Sciences, Engineering, 
and Medicine’s (NAS)’s light-duty vehicle technology report released in 2021. The 
report was developed by NAS’s Committee on Assessment of Technologies for 
Improving Fuel Economy of Light-Duty Vehicles Phase 3, a group of highly respected 
experts from the light-duty vehicle industry. The committee held several public 
meetings soliciting information over two and a half years and provided extensive 
background and justification for their cost projections. While the commenter does not 
state its source for the increase in battery costs, CARB is aware that BloombergNEF 
(BNEF)’s most recent Electric Vehicle Outlook report shows a slight uptick in battery 
costs for 2022 over 2021.47 However, the report states that while its previous 
projections showed battery costs heading below $100/kWh by 2024, the recent slight 
uptick in costs could delay that a few years in some markets. CARB’s battery cost 
projections are above $100/kWh in 2025, so new BNEF projections that may show 
battery costs not reaching below $100/kWh before 2026 would be right in line with 
the midpoint of the NAS projections that CARB used for the cost modeling. 


CARB disagrees that its analysis is unfounded. Through several public workshops and 
posting of cost modeling workbooks, staff solicited information and data to be used in 
the development of BEV, PHEV, and FCEV costs. That process helped generate an 
extensive amount of information which staff used to develop the incremental costs 
utilized in its regulatory cost analysis. That bank of information includes vehicle 
teardown data for most non-battery related costs and peer reviewed reports like those 
from NAS and ANL to develop battery cost projections, vehicle attributes, and some 
non-battery related components. The details of that information can be found in ISOR 
Appendix G: ACC II ZEV Technology Assessment. 


The commenter cites its attached analysis from CMC Consulting (CMC) in support of 
potential future increases in battery costs presuming that recent price increases in 
battery raw materials remain into the future and that further improvements in 
removing cost from batteries significantly slows down. Historically, however, staff have 
avoided relying on using short term trends in costs or prices as the basis for long term


46 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
47 https://about.bnef.com/electric-vehicle-outlook/ 



https://about.bnef.com/electric-vehicle-outlook/
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rulemakings.  As described in the detailed assumptions staff used for incremental cost 
modeling in the SRIA, the ISOR, and ISOR Appendix G, longer term trends or 
projections by independent bodies were more heavily used. This is also consistent with 
most widespread projections such as BNEF’s revised projections noted above that 
slightly adjust prior projections based on current prices rather than plot a wholesale 
new trajectory based on short term cost or price changes. An added complexity is that 
battery technology continues to rapidly evolve as manufacturers learn to use alternate 
formulations, alternate raw materials, and new manufacturing techniques to reduce 
cost.  This means that the future costs are not as simple to assess as just looking at the 
price of raw materials used in today’s technology.  Vehicle manufacturers and suppliers 
also have an extensive history of cost optimization and design flexibilities to avoid 
over-dependance on any one material or sector.  Examples include catalyst technology 
that has evolved over 40 years to change what precious metals they utilize and 
dramatically reduce the overall quantity needed through better manufacturing and 
design processes.  Even in ZEV technology, this is already happening as advancements 
such as the creation of permanent magnet electric motors without the use of heavy 
rare earth metals by Honda and its suppliers48 or the switch to lithium iron phosphate 
batteries by Tesla, Ford, and others.  Given these complexities, staff relied upon 
numerous independent projections by entities such as NAS and BNEF to be better 
predictors of likely long term future costs.    


Regarding the comment about the differentials only reflecting manufacturing costs 
and not dealer markup and sales tax, CARB’s economic analysis also includes a retail 
price equivalent (RPE) factor of 1.5 as a multiplier to manufacturing costs to account 
for retail markups to the price a vehicle purchaser would actually see. Section 3.1.3 of 
the SRIA discusses how RPE was used.  Sales tax on the increased consumer purchase 
price was also included in the rulemaking analysis and documented in the SRIA.


Regarding the comment that costs for ‘on-site’ Level 2 charging were not considered, 
this is incorrect.  Staff’s analysis includes costs for every ZEV and PHEV to be delivered 
with a combined Level 1 and Level 2 convenience cord that will eliminate the need for 
many vehicle purchasers to separately purchase a home charging unit and will greatly 
increase the number of purchasers that can make such a charger work without 
modification to their home’s wiring to accommodate it.  For the costs associated with 
a needed increase in the number of publicly accessible DC fast charging stations, the 
analysis assumes the costs of deploying such stations are reflected in the rates billed 
to consumers for charging, much like gasoline fuel prices reflect the costs of deploying 
and maintaining gas stations.       


48 “How Honda developed the world’s first heavy rare earth-free hybrid motor,” Honda Worldwide site 2018,  
https://global.honda/content/dam/site/global/about/cq_img/sustainability/environment/Face/archives/PDF/59.
pdf, accessed October 10, 2022



https://global.honda/content/dam/site/global/about/cq_img/sustainability/environment/Face/archives/PDF/59.pdf

https://global.honda/content/dam/site/global/about/cq_img/sustainability/environment/Face/archives/PDF/59.pdf
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8. Comment: CARB’s assumptions in the ZEV Cost Modeling workbook released prior to 
the May 6th ACC II workshop are optimistic and do not reflect the true cost increase 
that consumers would likely experience while purchasing a ZEV. 


Note: CARB has updated some of these parameters but has not released an updated 
cost analysis workbook. [OP-161-83]  


Agency Response: This is commenter’s summary of previous, pre-rulemaking 
comments, as well as an assertion that CARB has not released an updated cost 
analysis workbook. Through a robust public process, including several public 
workshops and posting of multiple versions of the incremental cost workbook (in May 
2021, October 2021, and March 2022), CARB solicited feedback and data to be used 
in the development of BEV, PHEV, and FCEV costs. That process helped staff make 
refinements to the cost modeling and generated a data set for which staff used to 
develop the incremental costs utilized in its regulatory cost analysis. CARB released an 
updated ZEV cost analysis workbook as part of the First 15-Day Notice. Commenter 
did not comment on the updated workbook. 


CARB looked extensively at current vehicle parameters in an effort to accurately 
capture factors that would affect battery sizing and vehicle cost and compared them 
to projections from ANL. CARB believes that it struck the right balance in developing 
realistic inputs for estimating future vehicle costs by using class-leading current BEV 
models to validate and modify ANL’s projections.


Staff also adjusted its UBE percentage downward from the values used at the time of 
the release of its May 2021 ZEV Cost Workbook, (staff was using 97% UBE at the 
time), to better account for future durability requirements. CARB made additional 
modifications to the UBE assumptions in the final analysis to account for reducing the 
durability requirement for the 2026 through 2029 model years and made these 
modifications available for public review and comment before adopting the 
regulations. 


9. Comment: CARB should incorporate the cost implications of the proposed Durability 
and Minimum Warranty Requirements on the future sales prices of ZEVs. [OP-161-87]


Agency Response: CARB has accounted for the cost of the durability and minimum 
warranty requirements by updating its UBE percentage values in its ZEV Cost 
Workbook for BEV battery cost calculations. CARB also used the midpoint of the NAS 
battery cost projections, instead of the most aggressive case to account for the added 
expense of making the batteries more durable and longer lasting to meet the ACC II 
program requirements. A description of the UBE percentage assumption changes and 
the values used can be found in the in the First 15-Day Notice.


10. Comment: Recent data from the California Energy Commission’s ZEV dashboard 
shows ZEV sales in Q1 2022 reaching 16% of total California light vehicle sales, and 
further review of the data show 65% of sales are from one single luxury brand with 
average transaction price above $65,000. The ACC2 requirement would force the ZEV 
market to move to the mainstream quickly. This means we need ZEV product in the 
Camry/RAV4 price range, around low to mid $30,000. [OP-150]
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Agency Response: CARB agrees that an increasing variety of ZEVs at various price 
points will be critical to higher market penetration rates. CARB’s incremental cost 
analysis, which is detailed in ISOR Appendix G, shows that ZEV costs should reduce 
over time and eventually reach parity with conventional ICEs in most vehicle segments 
by model year 2035. CARB notes that the current average transaction price is a 
misleading metric given that it obscures the true variability in prices of ZEV that auto 
manufacturers offer and can be skewed higher by a small volume of high-priced 
vehicles; this average may also not include tax incentives or rebates that do not apply 
at the point of sale so that the effective price paid by consumers would be lower.


Manufacturers are also speeding up ZEV production lines and large numbers of new 
ZEV models are expected to come to market soon. Figure 3 in ISOR Appendix G 
shows that the projected number of ZEV models available to consumers for model 
year 2022 more than doubled from the previous model year. Another 57 models are 
projected to come to market by model year 2025. That increase in models and 
diversification should help to increase ZEV market share and availability of more 
mainstream priced ZEVs.


Furthermore, the ACC II program aims to increase affordable access to ZEVs and 
PHEVs by providing an incentive for manufacturers to offer lower priced vehicles. This 
is especially important in the earlier years of the ACC II program when battery costs 
are higher. Incremental vehicle costs of ZEVs and PHEVs are anticipated to remain 
above the cost of conventional vehicle technology in the near term and through the 
first few years of the ACC II program. These higher costs are likely to be passed onto 
consumers and reflected in part or in whole in the price of new vehicles. Affordability 
of ZEVs and PHEVs, particularly the upfront vehicle price, is one of the biggest barriers 
for consumers deciding on whether to purchase an electric vehicle over a conventional 
vehicle. The ACC II program therefore includes a provision that a 2026 through 2028 
model-year ZEV or PHEV delivered for sale with an MSRP less than or equal to $20,275 
for passenger cars and less than or equal to $26,670 for light-duty trucks can earn an 
additional 0.10 vehicle value under the ZEV regulation.


11. Comment: CARB staff’s cost modeling includes an assessment of transmission removal 
costs, which serve to represent the cost saving/increment that accrues to advanced 
technology vehicles (PHEVs, BEVs, and FCEVs) relative to conventional ICEVs. CARB’s 
estimates are based on 2017 NHTSA CAFE186,188 and 2018 NHTSA187 (references 
refer to the References section of Appendix G). Notable is that the references 186 and 
188 contains no transmission removal costs and are perhaps referenced in error or in 
lieu of other more authoritative sources. CARB assumes that PHEV transmission costs 
are the same as ICEV transmission costs, referencing primarily the NHTSA reference. 
187 Islam (ANL) uses the same source for ICE transmission costs $2483 as CARB 
(Reference 187), but finds that PHEV transmissions are $793, ~$1600 less expensive 
than is in the CARB model. Because the ANL modeling is treated as an authoritative 
reference throughout the CARB cost modeling document, we recommend that CARB 
adopt Islam’s (2021) same incremental cost of transmission removal for PHEVs. [OP-
107]


Agency Response: CARB appreciate the thoroughness with which the commenter 
analyzed its references to discuss transmission removal costs. The commenter notes
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footnote references 186, 187, and 188 from ISOR Appendix G and disagrees that they 
provide a basis for the ICE drivetrain transmission removal costs that CARB used in its 
analysis. Reference number 187 specifically refers to US DOT NHTSA’s 2018 CAFE 
model compliance work and a specific file containing technology cost data used within 
the model. References 63 and 64 of the SRIA provide additional information on ICE 
and transmission costs. Within reference 63, NHTSA shows its base 5 speed automatic 
transmission (AT5) with a price of $2,085.30. When accounting for a RPE of 1.5, that 
brings the cost to roughly $1500 when accounting for additional supporting 
components, like cross members that would not exist on a ZEV. For larger vehicles 
that require bigger and higher power capable components, additional cost was added 
to the transmission to account for that. CARB chose not to apply a different 
transmission delete cost from PHEVs, because the AT5 transmission is a relatively low 
technology and would not contain the mechanical, electromechanical, or software 
calibration complexity of a series/P2 position or power-split (PS) PHEV specific 
transmission.


12.  Comment: CARB staff’s cost modeling also includes a model of “assembly cost” for 
advanced vehicles. The result of this model of assembly cost as published is that BEVs 
are represented (in the costing worksheet) as having an assembly cost credit of $1600, 
due to ”less complex assembly process.” However, not many quantitative references 
for this benefit of Evs exist. McKinsey quantifies this benefit at $600, long-term (for 
native EV design), without any reference to primary sources, datasets or other 
literature. ICCT is the primary reference for this assembly cost credit in the CARB 
Appendix, but the ICCT report referenced uses “vehicle assembly” to represent the 
entirety of components and process, scaled-up from a reference to the UBS report 
wherein this $1600 value and ICEV values are not present (UBS, 2017). In our 
assessment, there is some confusion in interpretation of the ICCT publication in that 
ICCT uses “vehicle assembly” to mean what the experts in this field have traditionally 
called “glider cost”. Further evidence is that the CARB cost model assumes that there 
is a $1600 cost savings available in vehicle assembly process costs, when the total 
vehicle assembly costs are asserted to be $2600 by the UBS report referenced. It is 
implausible that BEV’s “less complex assembly process” reduces processing/labor 
costs by 62%. [OP-107]


Comment: CARB’s ZEV Cost Workbook applies a constant $1,600 reduction to ZEV 
assembly costs relative to conventional vehicles over the 2025 to 2035 analytical 
timeframe. While it is well established that BEV assembly costs are already much lower 
than conventional vehicle assembly costs, there is evidence to suggest that the 
assembly cost gap between BEVs and conventional vehicles will continue to 
grow…This continued BEV cost reduction potential does not appear to be considered 
in CARB’s most recent March 2022 ZEV Cost Workbook. It is thus recommended that 
CARB consider the most recent evidence regarding the potential for ZEV assembly 
cost reductions in the agency’s analysis of incremental ZEV costs. [OP-149]


Agency Response: The commenters identify CARB’s assumptions for the difference in 
costs to assemble a ZEV versus a conventional vehicle; CARB appreciates the 
thoughtfulness of this comment. Staff referenced ICCT’s work in this space, because 
they specifically identified direct assembly costs for BEVs and conventional vehicles
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and included indirect cost differences between the two. Staff assumed that the total of 
those two differences in the 2025 model year would form the basis for the cost 
difference. Staff solicited more information on ZEV assembly costs during its public 
workshops, specifically its September 2020 and May 2021, workshops. In the 
September workshop, information on slide 56 disclosed by Ford showed that BEV 
assembly plants could allow a 50% reduction in footprint, a 50% reduction in capital 
investment, 30% reduction in hours per unit, and a flexible tooling/process that is fully 
scalable and reconfigurable. In its September workshop, staff proposed the $1600 
reduction cost based on ICCT direct and indirect cost differences for BEVs with half 
that value used for more complex FCEVs. Commenters did not include any additional 
information as evidence to change the ZEV assembly cost reduction. Given the 
feedback that was received and the absence of additional information, CARB believes 
that ICCT’s research is currently the best available information in this area and left the 
ZEV assembly cost reduction value at $1,600 for rule’s analysis.


13. Comment: We also found that ARB’s estimates of overall incremental battery electric 
vehicle (BEV) costs are conservative, and we recommend revising these assumptions 
downward based on available evidence. Specifically, we identified several elements of 
the ZEV Cost Workbook that we believe could be updated to better reflect the latest 
evidence and analysis, and we provide recommendations below for how ARB staff 
could improve the cost model. Updating the ZEV Cost Workbook based on the 
recommendations below would reduce the incremental ZEV costs and accelerate the 
expected timing for cost parity, which further strengthen the case for adopting the 
proposed ZEV targets of the ACC II program. [OP-149, T1-42]


Comment: The BEVs considered in ARB’s Cost Workbook are limited to 300- and 400-
mile range BEVs. We believe there is evidence that many consumers, as they weigh 
the trade-offs between capital costs and range, may continue to prefer shorter-range 
BEVs through 2035, and this would have a significant impact on the assessed BEV 
costs. The minimum 300-mile range analyzed is longer than many popular BEVs on 
roads in California, the United States, and other markets with high electric vehicle 
uptake. Data on BEV travel behavior demonstrates that many BEVs with below 300 
miles of range have been sufficient to meet consumer mobility needs, and that the 
technology can match or even exceed the average annual mileage driving patterns of 
combustion vehicles…As charging speeds increase and home, workplace, and public 
charging infrastructure become widespread, and as BEV penetration increases among 
lower-income consumers, shorter-range BEVs can increasingly be attractive to a 
broader group of drivers. [OP-149]


Comment: We understand that ARB, in its Cost Workbook, must make projections 
about how both vehicle technology and consumer preferences will change over time 
and as BEV penetration reaches first a majority and then 100% of passenger vehicle 
consumers. We believe the Norwegian data shows that even as penetration increases 
across the entire market, there is a strong market for ranges less than 300 miles. This 
acceptance of a lower range vehicle suggests that people will buy the range that they 
can afford rather than waiting for longer range vehicles that they may like marginally 
better. As current US BEV sales are dominated by luxury vehicles, it would be 
appropriate to assume that as the market expands into mainstream customers, many
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of these new consumers would be satisfied with the same BEV ranges as are being 
purchased today, if not lower range. [OP-149]


Comment: Due to all the above reasons, ICCT suggests that ARB staff explicitly 
include 200- and 250-mile range BEVs in its analysis of ZEV incremental costs and 
consider a lower “average” BEV range of 250 miles in 2025 to analyze compliance 
costs. Doing so would reduce the estimated incremental costs of BEVs by about 
$2,800 in 2025. [OP-149]


Agency Response: The commenters believe that staff analysis includes BEVs with 
ranges longer than what many consumers will buy in the future. The commenters are 
requesting that staff look to other markets with high ZEV penetration rates, like 
Norway, to set modeled vehicle ranges when assessing future compliance costs.  
Staff spent considerable time deciding what range BEVs would be appropriate to 
include in its analysis. As discussed in the ISOR section III.C.3.b), current BEV owners 
prefer a BEV range of roughly 309 miles and the broader U.S. public would consider 
purchasing a BEV if they could drive at least 300 miles on a single charge. In staff’s 
analysis, 300 miles represents an average for vehicles in that segment, meaning that 
there may be some models with less range and some with more. Only comparing 
Norwegian to Californian consumer driving behavior based the commenters’ 
referenced studies is likely not a good comparison. The annual VMT derived from the 
EMFAC model reference is inclusive of the entire California market, where the 
Norwegian travel survey for BEVs very likely heavily biases newer vehicles. New vehicle 
VMT is somewhat more uncertain in California due to the time until those vehicles 
undergo their first emissions inspection, but the EMFAC model shows those new 
vehicles travelling over 20,000 miles in their first year based on the data that is 
available. Staff appreciate that Norway could be a good metric for projecting future 
BEV ranges, but without the Norwegian mileage accrual schedules for its vehicles 
which could be normalized against the Californian mileage accrual schedules, 
projections of future BEV ranges that consumers will require in California cannot be 
fairly made.  Given the desire of U.S. consumers for longer ranges and that the ACC II 
program requires 100% of the fleet to be ZEVs and PEVs to be 2035, staff believes 
they have chosen future BEV ranges that are desirable enough for consumers to 
choose those products. Despite ranges longer than what the commenters are 
suggesting, the ACC II program is still found to deliver net benefits to California.


14. Comment:  While ARB’s analysis considers cases where BEVs have additional all-wheel 
drive and towing costs, the analysis of removal costs does not appear to include the 
additional deletion costs for combustion towing vehicles and combustion vehicles with 
all-wheel drive (AWD). For example, the cost of adding a Heavy Duty Trailer Tow 
Package to the 2021 Ford Expedition is $795.15 For all-wheel drive costs, the Toyota 
Prius LE is priced at $1,400 greater than the standard Toyota Prius LE.16 Including 
technology costs for towing and all-wheel drive components in the analysis would 
more comprehensively reflect combustion vehicle removal costs. If indeed ARB’s 
analysis adds in the full cost of towing and all-wheel drive for applicable BEVs without 
subtracting the ICE delete costs for these components, we would recommend ARB 
subtract these delete costs to ensure towing and all-wheel drive costs are not double 
counted for BEVs. [OP-149]
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Agency Response: The commenter is suggesting that staff’s costs for AWD and towing 
packages do not include all the relevant components evidenced by the Ford 
Expedition and Toyota Prius examples. Staff’s methodology for costing ZEV 
technology for the purposes of economic analysis of the ACC II program is an 
incremental one. In the case of heavy-duty towing packages, staff costed for the 
incremental difference between a BEV and a conventional vehicle. Staff assumes that 
the additional components provided on the heavy-duty towing package for the ICE 
Ford Expedition would be the same or similar to those on the BEV version. Ford’s 
Heavy-Duty Trailer Tow Package includes the following items:


· 3.73 Non-Limited Slip Rear Axle
· Integrated Trailer Brake Controller
· Pro Trailer Backup Assist™ 
· Rear View Camera – Digital
· Reverse Brake Assist
· Two-Speed Automatic 4WD (4x4 only) with Neutral Towing Capability
· 360-Degree Camera with Trailer Reverse Guidance (Only Available on XLT High 


(202A) with Special Edition Package, Timberline High (501A), Limited, King 
Ranch, and Platinum)


The rear axle is likely no additional incremental cost over an Expedition without the 
towing package and the other items with the exception of the automatic 4WD transfer 
case would all likely to be included on a BEV version. The automatic transfer case does 
not seem to add any towing specific additions other than potentially having higher 
towing capability carried over the single speed transfer case which may have more to 
do with shared parts commonality than specific cost additions. For comparison, the 
Max Trailer Tow Package for the F-150 Lightning BEV can be optioned for an 
additional $1,000 which includes additional cooling hardware and other towing 
accessories analogous to the Expedition Heavy-Duty Tow package. Staff believes it 
has captured the incremental towing package cost differences between a BEV and a 
conventional ICE vehicle in its analysis. Staff does not consider the Prius AWD option 
as the best ICE-based comparison to identify incremental AWD costs. The Prius AWD 
utilizes a mechanically disconnected electric rear motor that is lower power, but very 
similar in function to 2-motor AWD BEVs on the market. The basis for the mechanical 
AWD component cost removal is discussed in more detail in section VII.3.A.3 of the 
ISOR Appendix G.


15. Comment: We understand that ARB’s Cost Workbook incorporates additional 
combustion vehicle costs in 2025 for compliance with the state LEV3 criteria pollutant, 
current GHG, ACC II criteria pollutant, and ACC II GHG regulations that apply to new 
vehicles through model year 2025. Beyond 2025, ARB’s ZEV Cost Modeling Workbook 
applies the same ICE and transmission removal costs, LEV3 criteria emissions costs, 
current GHG compliance costs, and ACC II criteria pollutant and GHG compliance 
costs through 2035. Yet over this same timeframe, state and federal emissions and 
efficiency standards that get progressively more stringent would result in modest, 
gradual vehicle price increases for ICE vehicles. Although state and federal regulations 
for post MY2025 have yet to be finalized, California and the United States are very 
likely to continue to adopt increasingly stringent criteria pollutant and GHG
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regulations. Previous analysis of light-duty vehicle efficiency technology and costs 
found that the cost of adding technologies to the baseline vehicles increases the 
combustion vehicle engine and transmission costs by about 0.35% per year.17 If ARB 
is using BEV incremental costs to project the cost impacts that consumers would bear 
in purchasing a BEV compared to an ICE in future years, then it would be appropriate 
to account for these projected increases in ICE costs by applying gradual and modest 
vehicle price increases to combustion vehicles to more accurately reflect combustion 
vehicle removal costs beyond 2025. We thus recommend that ARB incorporate an 
annual ICE and transmission cost increase of, for example, 0.35%, for all years after 
2025. [OP-149]


Agency Response: The ACC II regulations do not include amendments to California’s 
light-duty vehicle GHG emission standards, and so CARB did not include additional 
GHG compliance costs for conventional vehicles. Changes to State and federal 
standards are speculative, as are costs associated with such changes. 


16. Comment: Specifically, CARB appeared to increase BEV DC efficiency by about 8% 
and reduce BEV motor power by about 2%. While these changes bring ARB’s analysis 
more in line with recent evidence on vehicle specifications, ICCT believes that the 
updated assumptions for BEV motor power and efficiency do not appear to fully 
reflect the extent of technological progress to date or expectations for continued 
advancements based on recent research. This affects the cost analysis because cost 
increases with motor power and the worse the efficiency, the larger and more 
expensive the battery becomes for the vehicle. Refining these inputs based on the 
most up to date data and technical analysis would more accurately reflect BEV 
technology and its incremental costs. [OP-149]


Comment: Argonne National Laboratory’s “Autonomie” model presents an option for 
considering how technology can be expected to improve over time, and ARB could 
consider using the projected inputs in this model in their ZEV Cost Workbook. 
Autonomie is an advanced simulation tool for vehicle energy consumption and 
performance analysis co-developed with industry.18 This tool provides projections of 
vehicle weight and specifications in 2025, 2030, and 2035. However, as we show in a 
comparison between the Autonomie inputs and real-world BEV data below, even the 
Autonomie model does not adequately capture expected improvements in vehicle 
efficiency. At the conclusion of our analysis, we present a correction factor ARB could 
combine with the Autonomie inputs to account for expected improvements in both 
vehicle weight and efficiency improvements unrelated to weight. [OP-149]


Comment: ARB’s weight assumptions for BEVs in the Cost Workbook are not clear; we 
do not know how they compare to the weight assumptions in the Autonomie model 
but suspect that assuming higher vehicle weights could help explain the relatively poor 
efficiencies assumed in ARB’s Workbook. [OP-149]


Comment: We thus suggest that ARB follow the inputs in the Autonomie model for 
vehicle weight in future years, but apply the 11% correction factor we calculated 
above to account for the non-weight related efficiency improvements we expect 
based on real-world evidence. [OP-149]
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Comment: We find that, on average, our recommendation for efficiencies for the 
vehicle classes are 10% better (i.e., energy consumption is 10% lower) than ARB’s 
assumptions for 2025. The implication of this finding is that BEVs could be produced 
with smaller batteries and thus at lower cost than ARB has assumed. [OP-149]


Comment: Overall, the 2025-2035 specifications for BEV motor power in the low-
technology Autonomie model are an average of 9% lower than ARB’s assumptions. 
We do not have enough information to understand how ARB derived its motor power 
assumptions; however, we note that the early BEV market may not be a good indicator 
of future motor power. The early BEV market has been characterized by a 
disproportionately high share of high-income consumers and some popular BEV 
models have catered to that demographic with luxury features, including high motor 
power. This is best evidenced by the Tesla Model 3 and Tesla Model S, which have 
motor power ranging from 211 kW to 580 kW. As BEVs become mainstream, a greater 
share of consumers are likely to choose lower cost over high performance, and hence 
we expect average motor power for any given vehicle size and weight to decline.23 
The lower motor power assumptions in Autonomie are based on benchmarked 
acceleration typical to that available in current gasoline vehicles and benchmarking on 
premium vehicles could explain the difference between ARB’s motor power 
assumptions and those in Autonomie. We recommend ARB consider aligning its 
assumptions on motor power with those in the Autonomie model. [OP-149]


Agency Response: The commenters suggest using ANL’s 2021 Advanced Vehicle 
Technologies study which utilizes ANL’s Autonomie model to project future vehicle 
efficiencies and power requirements. Staff appreciates the thoroughness of the 
commenters’ analysis and its suggestion. Staff did use the study to update the 
previous vehicle modeling it had done for this final analysis. Section IV.A. of ISOR 
Appendix G provides details on what technology pathways staff used (low technology 
vs. high technology, etc.) from the Autonomie report and the updates to BEV and 
PHEV efficiencies resulting from that work. Section V. contains the details of how 
Autonomie report data was used to develop projected future vehicle motor power. 
Staff view the vehicle attributes and costs it developed using the 2021 Autonomie 
report as the most likely scenario. Staff’s analysis using what the commenter considers 
to be conservative values still shows that ACC II program can deliver net benefits to 
California.


17. Comment: The total non-battery powertrain component costs applied in CARB’s 
March 2022 ZEV Cost Workbook appear to be greater than the non-battery 
powertrain costs quantified in recent electric vehicle teardown analyses. Table 7 
summarizes the BEV non-battery powertrain components and their costs for a 
representative 150 kW Chevrolet Bolt. As shown, the total costs for 2025 are $2,562. 
As context, the total non-battery costs for a 300-mile range “SmallCar” – the vehicle 
class of the Chevrolet Bolt – in CARB’s March 2022 ZEV Cost Workbook is $3,317, 
which is about $750 greater than the component costs found in the component-level 
cost analysis by UBS (2017) and the National Academies of Sciences, Engineering, and 
Medicine (2021). We thus recommend that CARB re-examine non-battery powertrain 
component costs based on the latest evidence. Doing so would reduce BEV
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incremental costs by several hundred dollars and accelerate the expected timing for 
cost parity. [OP-149]


Agency Response: The commenter is comparing CARB’s non-battery costs to the 
commenter’s projected non-battery powertrain costs for a theoretical future 150kW 
Chevrolet Bolt which is based on two sources: a 2017 UBS study and the NAS study. 
Staff looked at both studies when developing its non-battery powertrain costs. 
However, staff had access to even more information in the form of different 
component and full vehicle teardown data that is described in Section V. of the ISOR 
Appendix G. The commenter did not provide a detailed breakdown of what is 
included in each of the categories listed in Table 7 of the comment. Without that 
information, CARB is unable to determine where the disparity may exist between the 
commenter’s example and CARB’s costs. Staff made a concerted effort to capture all 
the non-battery powertrain components required by a ZEV which are listed in detail in 
the ZEV Cost Workbook. Staff thinks its non-battery costs are more representative of 
what will be included on a ZEV for the years covered by the ACC II regulations. 


18. Comment: [I]t is important that ARB account for the full cost of future GHG controls on 
ICEVs. We specifically recommended that ARB add these additional costs to the ICEV 
delete costs when calculating the incremental cost of a ZEV. Failing to do so biases the 
cost projections for BEVs on the high side. For Mys 2027 and beyond, ARB has 
assumed no further increase in the stringency of GHG standards for ICEV, and thus no 
added cost of compliance, even though available technologies can deliver additional 
reductions from these vehicles, and it is likely that they will deploy them. With this 
proposal, California is moving toward ensuring all new vehicles sold by 2035 are zero-
emitting, and so, while neither EPA nor California have yet adopted post-2026 
greenhouse gas standards, it is unreasonable to compare ICEVs with no additional 
greenhouse gas controls to ZEVs in the 2030 timeframe. ARB must correct this error to 
avoid overestimating the cost of BEVs. [OP-142]


Agency Response: Although staff agree that future conventional vehicle costs may 
increase as a result of future State or federal GHG vehicle emission standards that may 
be adopted during the time period of the ACC II proposal, in 2026 and beyond, CARB 
declined the commenter’s request to include technology costs that may be necessary 
to comply with potential future GHG vehicle emission regulations. Such costs are 
speculative, like the potential standards. The costs for conventional vehicles to meet 
existing GHG regulations have been accounted for in previous GHG rulemakings.  The 
current ACC II proposal only includes changes to criteria emission standards and test 
procedures for light-duty and medium-duty vehicles and zero-emission vehicle 
standards and test-procedures for light-duty vehicles.  Since CARB did not propose 
changes to its GHG vehicle emission regulations, it would be inappropriate to include 
related costs in this rulemaking, especially considering that any amended GHG vehicle 
emission standards for model years 2026-2035 were not proposed and were not under 
consideration in this rulemaking.  
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Total Cost of Ownership (TCO)


19. Comment: Additionally, the repair-cost advantages of electric cars typically exclude 
the large replacement costs for batteries in the second half of an electric car’s life. 
Recurrent Auto released the article, “Costs of Electric Car Battery Replacement,” that 
states a replacement battery can cost up to $20,000 per vehicle when the car is out of 
warranty, not including the cost of labor and taxes (Witt, 2022). Although the cost of 
batteries may be expected to decline over the years, the cost is still substantial. The 
Wharton analysis suggests that by 2025, the cost of a 100 kWh battery replacement 
out of warranty may cost up to $13,500 per vehicle. AGC of California urges CARB to 
evaluate these additional costs. [OP-103]


Agency Response: Staff assumed vehicle owners would not need to replace batteries 
during the life of the vehicle, and therefore would not incur an in-use cost for that 
repair, because manufacturers must meet long-term (10 years or 150,000 miles) 
durability requirements based on the vehicle’s range  and provide a long-term (8 years 
or 100,000 miles) battery warranty for buyers, similar to requirements for the emission-
related parts for conventional vehicles, and for which engine replacement is not 
considered a maintenance cost. (See ISOR, pp. 69-77.) Refer to the response to 
comment A-20 above for a description of the TCO analysis CARB conducted, and 
response to comment E-35, below, for a discussion of expected maintenance costs.


20. Comment: Additionally, EVs have already been proven to provide significant consumer 
benefits, and a strong ZEV program will help the maximum number of consumers 
realize the cost-savings of an EV. [OP-108]


Comment: Although the upfront costs of some electric vehicles are currently higher 
compared to comparable gas-powered vehicles, many EV owners already see cost 
savings over the lifetime of their vehicles. This is because operating expenses—
including fuel and maintenance costs—are typically lower for electric cars.  [OP-99]


Comment: If CARB staff considered the consumer benefits for first owners and for the 
entire vehicle lifetime, the expected benefits from transitioning to ZEVs would be 
substantially greater and cost parity would be achieved earlier than currently 
quantified. [OP-149]


Agency Response: CARB agrees that ZEVs have already been shown to provide 
significant benefits to consumers, including cost savings, and adopted the ACC II 
regulations, supported by TCO analyses that show net cost savings for BEV owners as 
described in Section VI.E of the ISOR. Refer to the response to comment A-20 above 
for a description of the TCO analysis CARB conducted.


CARB made a rigorous effort to project ZEV costs out to 2035 based on the best 
information available. The set of high-quality sources discussed in ISOR Appendix G in 
combination with a robust public process that solicited information from stakeholders 
led to the costs used for the ACC II program cost analysis. They are representative of 
staff’s best estimate of future costs inclusive of the ACC II program requirements and 
potential future uncertainties that staff could foresee.
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21. Comment: The commenter states “CARB has not proven that consumers will be able 
to buy ZEVs on the schedule outlined in the rule. While the ISOR analyses indicates 
that the total cost of ownership of ZEVs are less than their ICEVs counterparts, they 
have not evaluated if consumers will have the capital necessary to invest in ZEVs which 
have a higher purchase price than ICEVs. Capitol Matrix Consulting (CMC) completed 
a review of the impact of ACC II on California Businesses (Attachment E) and found 
that the ACC II regulation could lead to a ‘loss of customer discretionary income tied 
to higher ZEV purchase prices’. As a result, customers who do not want to give up 
their extra discretionary income may postpone the purchase of a ZEV, resulting in 
lower ZEV sales rates than those assumed under the current ACC II proposal. While 
CARB claims that the purchase price of ZEVs will drop rapidly in the future (~7% 
annually from 2026-2030 and ~5% annually from 2030-2035), current market trends 
indicate otherwise (refer to Comment B.10 for further details). Affordability of ZEVs 
has not been guaranteed by the proposed ACC II regulation, leaving consumers with 
very few choices for affordable ZEVs. CARB must consider customer-related impacts of 
the proposed ACC II as described in the CMC analysis (Attachment E) while evaluating 
the feasibility and cost-effectiveness of their proposal.” [OP-161-77, OP-97]


Comment: Future operational and refueling cost-savings are highly uncertain. 
According to estimates presented in the ACC II SRIA, higher upfront costs for ZEVs 
will be offset by lower costs for refueling and maintenance. However, in calculating the 
offsets, business owners will need to consider that (1) the operational savings will 
occur over many years, and (2) any prospective savings will be subject to uncertainties 
regarding both the future costs of electricity versus gasoline and future business 
conditions (which in turn will impact the usage of the newly purchased vehicle). From a 
business perspective, future savings related to operation and maintenance costs need 
to be discounted to reflect these uncertainties, making it even less likely that total 
costs of ownership over the lifetime of the ZEV vehicle will be comparable to the ICE 
vehicle counterpart. We also note that one of the key assumptions in the SRIA is that 
much charging will be accomplished through overnight charging on level 1 and level 2 
chargers, which holds down prices per kilowatt hour. This is a reasonable assumption 
for businesses that (1) have access to garages or storage facilities for overnight 
charging; and (2) use their vehicles at predictable times and on local routes. However, 
the assumption is less applicable to businesses that are reliant on public or private 
shared chargers, especially those that use vehicles for longer and more variable routes 
or operate their vehicles on a continuous schedule. These businesses will need to 
recharge “on the road,” using more expensive rapid chargers, and hence will achieve 
relatively less fueling-related savings over time. A closely related factor is that “time is 
money” for businesses. The added costs involved in planning and altering routes to 
match locations of public chargers, and the additional time spent recharging (up to 45 
minutes for rapid charges and up to 8 hours for level 2 chargers, versus less than 5
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minutes for gasoline vehicles), translates into lost productivity, higher expenses and 
lower revenues for these businesses. [OP-161 Attachment E (p. 4-5)49]


Agency Response: The commenters question whether consumers will purchase ZEVs in 
the quantities projected. The comment misunderstands the requirements. The ZEV 
requirements are a percentage of sales. They do not require absolute quantifies of 
vehicles to be produced. Manufacturers must determine their product offerings to 
meet the requirements considering their ability to sell their products in a competitive 
market.


Although there are current market price fluctuations with all vehicles, including ZEVs, 
given the supply disruptions on vehicle components and the need to scale up 
manufacturing for ZEVs and batteries, the scope of the analysis for the ACC II 
rulemaking is 2026 through 2040. Staff expect manufacturing capacity to meet 
demand by 2026 and that the number of ZEV models will continue to expand in the 
market providing sufficient choice for consumers. 


Refer to the response to comment A-20 above for a description of the TCO analysis 
CARB conducted, including maintenance savings and discount rates for future costs. In 
the analysis, discretionary spending impacts on the vehicle owner, or for a business 
owner, are minimal for the BEV300 passenger vehicle case evaluated. ZEVs are 
expected to reach purchase price parity over the time of the ACC II regulations. The 
TCO analysis assumed the vehicle buyer would have a five-year loan for the purchase 
of the vehicle, enabling the purchase costs to be spread out over that multi-year time 
period. Even when accounting for higher finance costs with the larger loan, the annual 
savings in fuel offset the higher annual loan payments within the first year of 
ownership. This minimizes the time period of extra budget planning for businesses 
with their fleet ownership. Note the savings shown in the TCO analysis did not include 
purchase incentives from the State or federal government. Buyers who receive 
incentives will see even larger savings, and may have a lower upfront purchase cost 
than a comparable conventional vehicle.


Staff relied on fuel price projections from the 2021 CEC IEPR, accounting for cost 
growth rates in both electricity and gasoline. Refer to the response to comment A-20 
above for details. For gasoline, the assumed retail prices were $3.92 in 2026 increasing 
to $4.34 in 2035. Although electricity rate decisions in the future likely will result in 
rates different than what staff assumed from the IEPR, gasoline prices will also 
fluctuate differently that assumed in this analysis.  Had staff relied on the high gasoline 
prices of mid 2022 in the market, above $5.50 in many places in California, the TCO


49 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment. The attachment states it was prepared in response to a request for an 
analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this was 
intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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analysis would have resulted in substantially larger savings for business that own BEVs, 
in addition to individual vehicle owners.


For business fleet operators that do not have access to overnight fleet yard charging, 
DC fast charging will be an option, as the state’s public DC fast charging network is 
expanding.  DC fast charging speeds are also increasing with technology 
improvements, which will enable substantial passenger vehicle range to be added to 
vehicles in 10-15 minutes. Additionally, fleet operators that predominantly drive their 
BEVs within a single urban region will not have to fully refuel their vehicles in any one 
charging session if they know they have time constraints or have access to cheaper 
charging rates at a later session.


The assertion that businesses will be required to alter routes to refuel and recharge 
vehicles is speculative. The locations of new facilities are not known. Moreover, it may 
be that refueling and charging infrastructure is built in convenient locations along 
roadways, just as liquid refueling stations have. 


Additionally, for consumers or businesses with long-distance driving needs, hydrogen 
fuel cell electric vehicles remain a compliance option within the ZEV regulation. These 
vehicles refuel as quickly as conventional gasoline vehicles and have driving ranges 
exceeding 350 miles. An expanding network of hydrogen refueling stations is 
developing within the State to provide convenient refueling options. Currently, 62% of 
California residents live within a 15-minute drive of one of the 110 hydrogen stations 
open or under development.50 Support programs at the CEC and CARB help co-fund 
the development of hydrogen fueling stations so that the network grows to eventually 
replicate the convenience of today’s gasoline fueling network, which would not need 
to be entirely State funded51. A 1,000-station hydrogen fueling network would allow 
94% of California’s population to be within a 15-minute drive and 63% within a 6-
minute drive of a hydrogen station,52 which more closely resembles today’s gasoline 
fueling experience for most drivers. Plug-in hybrid electric vehicles will also remain 
options beyond 2035 which allow drivers to use gasoline (or potentially hydrogen) 
after the battery has been depleted.


Further, the record does not show that sales will be diminished because of these 
requirements but even if it did, CARB is not required to ensure that does not occur.  


50 California Air Resources Board. 2022 Annual Evaluation of Fuel Cell Electric Vehicle Deployment and 
Hydrogen Fuel Station Network Development. https://ww2.arb.ca.gov/sites/default/files/2019-
11/AB8_report_2018_print_ac.pdf (Accessed October 10, 2022).
51 California Air Resources Board. October 2021. Hydrogen Station Network Self-Sufficiency Analysis per 
Assembly Bill 8. https://ww2.arb.ca.gov/sites/default/files/2021-10/hydrogen_self_sufficiency_report.pdf 
(Accessed October 10, 2022)
52 California Air Resources Board. 2018 Annual Evaluation of Fuel Cell Electric Vehicle Deployment and 
Hydrogen Fuel Station Network Development. https://ww2.arb.ca.gov/sites/default/files/2019-
11/AB8_report_2018_print_ac.pdf (Accessed October 10, 2022).



https://ww2.arb.ca.gov/sites/default/files/2021-10/hydrogen_self_sufficiency_report.pdf
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22. Comment: Commenter opposes the proposal due to concern over personal financial 
hardships by consumers from lower resale values of ZEVs due to battery degradation. 
[OP-174]


Agency Response: The ACC II regulations require vehicle manufacturers to meet long-
term (10 years or 150,000 miles) vehicle durability requirements on electrification 
components, and to provide a long-term (8 years or 100,000 miles) warranty for 
buyers. The regulations also require that vehicles provide information on battery 
health. These requirements are expected to result in improved batteries and protect 
vehicle residual value in the used vehicle market.


23. Comment: The commenter states “The ISOR analysis does not address distributional 
impacts of the Proposed ACC II regulation. CMC also conducted a review of the 
distributional impacts of the ACC II proposal (Attachment F) and found that the 
incremental cost for a BEV compared to an ICE vehicle with similar features, 
capabilities, and range is $12,000 or more for small passenger vehicles, and well over 
$20,000 for high-end sedans, SUVs, and pickup trucks. The increased expenditures 
required to purchase and maintain a ZEV will be disproportionally felt by lower and 
middle-income households. CARB must consider these cost implications when 
evaluating the proposed rule.” [OP-161-76, OP-97] 


Comment: Currently, the incremental cost for a BEV compared to an ICE vehicle with 
similar features, capabilities, and range is $12,000 or more for small passenger 
vehicles, and well over $20,000 for high-end sedans, SUVs, and pickup trucks.6 (The 
price differences for fuel cell hydrogen vehicles are even greater.) The California Air 
Resources Board (CARB) Standard Regulatory Impact Report (SRIA) for the ACC II 
proposed regulation assumes that this difference will fall by over 50 percent between 
2020 and 2026 – and further in subsequent years – due to improved and simplified 
battery cell and pack designs, introduction of new battery chemistries, new 
manufacturing techniques, and economies of scale. 


Unfortunately, recent trends are moving in the opposite direction. Price differentials 
between BEV and comparable ICE vehicles are expanding rather than contracting for 
several models in 2022 due to strong demand and soaring costs for battery metals 
such as cobalt, nickel sulfate and lithium carbonate. These increases are not expected 
to ease for several years as worldwide demand for battery-powered vehicles grows 
and battery supplies are constrained by supply shortages, long lead times needed to 
open new mines, and strong resistance to new mining in the U.S. and other western 
countries.


[Figure omitted]


In short, there is no assurance that price differentials will narrow as much as assumed 
in the ACC II regulation SRIA, yet there is no provision in the regulation that would 
alter the phase-out period for ICE vehicles if the economics were less favorable than 
assumed. 


While price differentials of $10,000 (or more) for a small vehicle may be only a 
moderate inconvenience for those at the top of California’s income distribution, the 
incremental price will have major impacts on lower- and moderate-income households
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in the state. As noted above, these households are much more likely to have limited or 
non-existent liquid savings and virtually no room in their budgets to finance more-
expensive BEV purchases. 


Of particular concern is that low-income owners attempting to cover the higher costs 
through increased borrowing will face higher financing charges due to poorer loan-to-
value and loan-to-income ratios. The impacts will be especially significant for younger 
households with limited credit histories or those with weaker credit scores. As an 
indication of how significant additional financing costs can be, financing an additional 
$10,000 to cover the incremental price of a BEV would cost low-income owners 
$15,660 over the life of a 7-year loan. Beyond the direct costs, these households also 
will have to pay more for insurance, sales taxes, and annual vehicle fees. [OP-161 
Attachment F (pp.2-3)53] 


Comment: Low- and moderate-income households that cannot afford the higher 
upfront costs for BEVs can purchase ICE vehicles during the 2026-to-2035 transition 
period. And they can avoid BEV purchases beyond 2035 by holding on to their aging 
ICE vehicle or purchasing ICE vehicles on the used-car market. These individuals will 
avoid costs associated with purchasing BEVs. However, they will still face higher costs 
associated with continued maintenance and operation of ICE vehicles under the ACC II 
regulation. A small portion of these higher costs are directly related to the ACC II 
regulatory proposal provisions focused on reducing emissions from ICE vehicles sold 
during the transition period. However, the great majority of the impact is related to 
the phase-out of the markets for petroleum fuels and ICE vehicles as the government-
mandated ban on new ICE vehicle sales takes hold. 


CARB estimates that a 2035 ban on ICE vehicle sales will reduce gasoline sales in 
California by 66 percent by 2035, and by 90 percent by 2050. Declines of this 
magnitude will likely result in a major consolidation, and perhaps the entire 
elimination, of the petroleum refining industry in California. Recent estimates made by 
Stillwater Associates (a transportation consulting firm) indicate that gasoline sales 
declines of these magnitudes will lead to an over 50 percent drop in retail fueling 
stations by 2035, and an 80 percent decline in fueling stations by 2050. A key result of 
this decline is that per-gallon gasoline prices will rise significantly, as the fixed costs 
related to the distribution and sales of gasoline are spread over fewer and fewer 
customers. The rise in fixed costs per-gallon sold, combined with higher expenses 
related to the Low-Carbon-Fuel-Standard and Cap and Trade programs, will add $1.70 
to the price per gallon by 2035, and $4.27 to the price per gallon by 2050. All 
projections as to possible future costs of transportation fuels are only projections, and


53 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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the actual costs will be determined by fuels market dynamics such as supply and 
demand. 


Any higher costs will have a major impact on lower-income households, which are the 
most likely to hold onto ICE vehicles in the face of higher costs for BEV’s. If we assume 
(1) the average vehicle is driven 12,500 per year in this state; and (2) the average 
mileage of California’s light passenger fleet will be about 25 miles per gallon by 2030 
– the cost per household of a $1.70 per gallon price increase is about $1,275 per year. 
If we further assume that the fleetwide mileage rate increases to 29 miles per gallon 
by 2050, the $4.27 per gallon increase in that year would translate into $2,815 per 
year. These cost increases are particularly significant in view of the extremely tight 
budgets and limited liquid savings held by low- and moderate-income households in 
this state. [OP-161 Attachment F (p. 5)54]


Comment: The ACC II regulatory proposal will have a disproportionate impact on low- 
and moderate- income households, whose budgets are already stretched because of 
many years of lagging income growth and California’s high cost-of-living. The 
disproportionate impacts are related to higher BEV prices (which are amplified 
because of financing costs), relatively higher charging costs, higher utility-related 
electricity costs, and (for those that defer purchases of BEVs) higher costs for 
petroleum-based fuels. Lower- and moderate-income households will also be 
disproportionately affected by the reduction in jobs in the construction and petroleum 
industries, which will mean fewer good-paying jobs opportunities for workers with high 
school and technical degrees. While the state budgets enacted in 2021-22 and 
proposed for 2022-23 begin to address some of these issues, the ACC II SRIA is 
largely silent on the disproportionate impacts that the ACC II regulation would have 
on millions of lower-income Californians. [OP-161 Attachment F (p.9)55]


Agency Response: CARB disagrees with the comments that the ZEV regulations will 
have excessive impacts that disproportionately fall on low-income individuals. Notably, 
commenters provide no evidence to substantiate their claims. They make many 
questionable assumptions, such as extrapolating current price differentials for some 
models and short-term trends to the entirety of ACC II, counter to the evidence in the 
record, and presuming light-duty gasoline sales are the predominant or only revenue 
source for the refining industry. 


54 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
55 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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As part of the economic analysis, staff conducted a TCO assessment and considered 
equity impacts. See responses to comments A-20 and C-24 above. This TCO analysis 
accounts for a number of cost factors, including vehicle price, loan fees, sales taxes 
and registration fees, fuel costs, maintenance costs, and a home charger capital 
investment for some buyers (though as noted above, even drivers without a home 
charger save money). The results show that even when factoring in all these cost 
factors BEV owners will save $3,216 over ten years in the most conservative case 
evaluated (a 2026 model year BEV with higher electricity prices assuming no access to 
a home charger) and will realize savings within the first year of ownership. Ten-year 
savings are much larger, at $8,835, with the lower cost 2035 model year BEV coupled 
with access to a home charger.


Beyond the TCO analysis conducted for ACC II, State and federal vehicle purchase 
incentives are available now and are anticipated to remain in effect for a number of 
years to mitigate the impact of the purchase cost of a new or used ZEV. See, e.g, 
Assembly Bill 179, statutes 2022, chapter 249, that provides $14,250,000 in support of 
ZEVs. Incentives were not included in the CARB TCO analysis, which means the ten-
year ownership savings will be larger than the estimates above if a consumer qualifies 
for vehicle purchase incentives.


CARB notes that the 66% reduction in gasoline sales estimate cited by the commenter 
is based not on the ACC II regulations but on the Mobile Source Strategy, which is a 
comprehensive planning document including much more than just ACC II. 
Furthermore, this estimate compares future gasoline demand to current levels rather 
than future levels with and without new regulations. This exaggerates the effect of the 
Mobile Source Strategy given than other factors are already contributing to future 
decreases in gasoline demand; the reduction from the light-duty vehicle fleet 
estimated in the Mobile Source Strategy comparing 2035 levels with and without the 
Mobile Source Strategy is therefore lower than what Stillwater Associates reports. 
When evaluating only the impacts of the ACC II regulations, CARB finds gasoline 
consumption in 2035 will only be 38% less than in the baseline scenario without the 
ACC II regulations and diesel consumption would only be 12% lower,56 and the decline 
in output from the refinery industry to be about 13% relative to the baseline by 2040, 
which does not support the argument that this will result in major consolidation or 
elimination of the refinery industry.


See also responses to comments A-32 above and E-40 under Economic and Equity 
Impacts below and the Master Response 2 in the Response to Comments on the Draft 
Environmental Analysis. 


24. Comment: To accommodate an all-electric transportation system, utilities and state 
and local governments will need to incur major up-front costs associated with installing 
a BEV-charging network that has sufficient capacity in all areas of California to avoid


56 California Air Resources Board. 2022. Proposal VMT and Fuel Calculations. CARB 2022ddd, First 15-Day 
Notice.
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fueling bottlenecks and give prospective BEV owners confidence that they will be able 
to complete longer trips, regardless of destination. According to the California Energy 
Commission’s assessment of charging infrastructure needs released in its July 2021 
report, 1.2 million public and shared private chargers are needed to support almost 8 
million BEVs in 2030, which is consistent with the number that would be on the road 
under the Clean Cars II proposal. That is about 1 million more than the 193,000 
chargers that are online or in planning stages throughout California. We estimate that 
another 1 million chargers would be needed by 2035 to fully support the number of 
BEVs on the road under the ACC II regulation. A key finding of the CEC report is that 
more public funding will be needed, starting immediately, to achieve even the 2030 
goals. 


Beyond the costs of chargers, the state will incur expenses for developing additional 
power generation and upgrading its electrical grid. In March 2021, the California 
Energy Commission (CEC), CARB, and California Public Utilities Commission 
(CPUC)jointly issued an updated analysis on California’s progress toward its zero 
carbon electricity goals. The report indicated that under a “high electrification 
scenario,” which is consistent with the Governor’s ZEV goals, electricity demand from 
the state’s transportation sector will grow from 3,000 Gigawatt-hours in 2020 to an 
estimated 81,000 Gigawatt hours in 2045. Expanding the grid to accommodate those 
and related needs will require record build rates for utility-scale solar and other power 
sources. Combined costs for light vehicle chargers and upgrades to the grid will be in 
the multiple tens of billions of dollars. Funding for these types of capital improvements 
has traditionally come primarily from California utility ratepayers, which already face 
among the highest and fastest rising rates in the U.S. (see Figure 3).


Higher utility rates will disproportionately affect lower- and moderate-income 
households mainly because these households devote a much larger share of their 
annual income to electricity consumption than do their higher-income counterparts. 
According to the 2018-19 Consumer Expenditure, households in the bottom 20 
percent of California’s income distribution devoted 7.7 percent of their income to 
electricity purchases in the 2018-19 period. This percentage is ten times more than the 
0.7 percent that their counterparts in the top 20 percent of the income distribution 
devoted to electricity purchases. This difference occurs because the average income 
of the top 20 percent of households ($237,713) is 19 times that of the bottom 20 
percent of households ($12,460), yet electricity consumption by this top group is less 
than double the size of the bottom group. The relatively small difference in 
consumption rates reflects the fact that electricity is a necessity, used by all 
households regardless of income to keep the lights on and appliances working. 


Two other factors are also behind the disproportionate impact. First, lower-income 
households are less likely to be homeowners, and thus less likely to benefit from 
rooftop solar systems that would otherwise enable them to avoid higher utility costs, 
at least partially. Second, lower-income households tend to be located in inland 
regions of the state, where temperatures are hotter and cooling needs are greater. As 
shown in Figure 4 (next page), average per-household consumption of electricity in the 
state’s inland counties is nearly double that of counties in the Bay Area, and about 
one-third higher than Southern California coastal counties. At the same time, median
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incomes in these inland counties are about 50 percent lower than the Bay Area 
counties and about 25 percent lower than the Southern California coastal counties. 
Similarly, poverty rates in the inland counties are, on average, nearly double that of 
the Bay Area counties, and about 50 percent higher than the Southern California 
coastal counties. 


In summary, higher utility costs resulting from electrification of the transportation 
system will disproportionately affect low-income households, especially those in inland 
regions of the state where electricity consumption is much higher than in coastal 
counties. Because low- and moderate income families will likely be later adopters of 
ZEVs, they will also pay higher utility rates without receiving the benefit of avoided 
gasoline expenses. [OP-161 Attachment F (p.6-7)57]


Comment: Utilities will incur major up-front costs associated with installing an 
adequate-sized ZEV fueling network. According to the California Energy Commission’s 
assessment of charging infrastructure needs outlined in its July 2021 report,3 1.2 
million public and shared private chargers are needed to support almost 8 million 
ZEVs in 2030, which is consistent with the number that would be on the road under 
the Clean Cars II proposal. That is about 1 million more than the 193,000 chargers that 
are currently online or in planning stages throughout California. Charging needs will 
continue to expand sharply after 2030 to accommodate the growing fleet of ZEVs 
mandated by the ACC II proposed regulation. 


Utilities will also incur major costs for upgrades to the electric grid needed to 
accommodate an all-electric transportation system. Based on annual data contained in 
the CARB 2021 study titled “2021 SB 100 Joint Agency Report” (SB 100 report), we 
estimate that full electrification of California’s economy will require total utility 
investments of $1.8 trillion during the 30-year period from 2020 to 2050, about 50 
percent above that required by a “business as usual” baseline. About 60 percent of 
the added costs relative to the baseline is directly attributable to upgrades needed to 
accommodate a fully electrified transportation system, with the balance needed to 
accommodate electrification of the commercial, industrial, and residential sectors of 
the economy. 


Funding for additional chargers and grid upgrades has traditionally come from utility 
ratepayers (although in 2021-22 and 2022-23 the state has used surplus General Fund 
resources to support one-time commitments to charging subsidies). The projected 
funding needs imply substantial increases in electricity rates paid by businesses, which 
already pay rates that are among the highest in the U.S.


57 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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This is demonstrated in Figure 3, which shows that the average electricity rate paid by 
commercial businesses in California was 19.29 cents per Kilowatt hour during February 
2022. This was more than double the average paid by commercial businesses in 
neighboring states (Oregon, Washington, Arizona and Nevada) and about 64 percent 
above the national average. Rates paid by industrial users were also more than double 
those in neighboring rates and were about 87 percent above the national average.


[Figure Omitted] 


Further ratepayer increases will have substantial impacts on all California businesses, 
irrespective of their usage of electrical vehicles. This is because electricity is a major 
power source for lighting, heating, cooking, air conditioning, refrigeration, and for a 
variety of other appliances and machinery used by businesses. [OP-161 Attachment E 
(p. 6)58]


Agency Response: Staff did consider the numerous public and private programs in 
place to expand public charging infrastructure, which are described in the staff ISOR in 
Section III.A.6, including public funding. The CEC AB 2127 analysis that projects EV 
charging infrastructure needs statewide in future years includes a number of scenarios 
for varying levels of ZEV projections. The commenter cites the scenario for 8 million 
BEVs by 2030, however, the fleet projections from the compliance analysis in the ACC 
II rulemaking results in approximately 5.8 million ZEVs and PHEVs by 2030, requiring 
less infrastructure than cited by the commenter. This is described in the ISOR section 
noted above. As described in CEC’s ZIP, the State is on track to meet its goal 
established in Executive Order B-48-18 of 250,000 chargers by 2025, which includes 
10,000 fast charging stations. Additionally, refer to the response to comment A-20 
above for further details.


The staff TCO analysis accounts for increasing electricity prices in future years relying 
on the most recent 2021 CEC IEPR projections. Refer to the response to comment A-
20 above. See also the response to comment E-33 below regarding electricity price 
impacts on and ZEV affordability for low-income households. 


25. Comment: The SRIA asserts that the higher incremental purchase price paid for a BEV 
will be offset by reductions in fuel and maintenance costs. This is illustrated in Figure 
2, which is extracted from the SRIA report, and is based on CARB’s assumptions of 
rapidly falling BEV prices.


Figure 2 specifically shows CARB’s estimated TCO over the 10-year life of a small 
passenger vehicle purchased in 2026. It shows that – for an owner with access to 
overnight charging – the projected savings from lower fuel and maintenance expenses 
more than offsets the higher upfront costs for the car and charger, yielding a net


58 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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savings of $1,732 over the life of the vehicle. For an owner without access to a home 
charger, there is still a net savings, but it is much less – $484 over the life of the 
vehicle. The lower net savings occurs because this owner would have to rely on more 
expensive electricity from shared direct-current chargers. 


Again, it is important to note that the net reduction in total ownership costs is highly 
dependent on CARB’s assumption that relative prices of BEVs will fall sharply from 
today’s levels. At current price differentials, total costs of ownership would be several 
thousand dollars higher for BEV owners with chargers – and even more for BEV owners 
without home chargers. 


Regardless of the bottom-line costs or savings, however, the key takeaway from Figure 
2 is the much lower total cost of ownership for owners having access to chargers as 
compared to owners that do not. This is important because:


· Lower income households are more likely to be renters (according to the 2018-
19 Consumer Expenditure Survey for California, about 56 percent of the bottom 
60 percent of households are renters, versus 22 percent of the top 20 percent 
of households); and 


· Renters living in older high density multi-family dwellings are less likely to have 
garages or other points of access to inexpensive overnight charging. 


Those that have access to overnight charging will pay much less per charge than those 
that are required rapid chargers during peak hours of the day. The SRIA recognizes a 
significant difference in charging costs, by assuming average home charging rates of 
$0.26/kWh versus rapid charging rates of $0.40/kWh. It is because of this difference 
that CARB shows the lower cost of ownership in Figure 2 for those with home 
chargers. We note that the actual difference is likely to be even larger than shown in 
Figure 2, given the recent outsized increases in rapid charging rates. For example, 
current rates for Tesla superchargers during daytime hours are 0.58/kWh. [OP-161 
Attachment F (p. 4-5)59]


Agency Response: As the commenter notes, even drivers without access to home 
charging will save money driving BEVs, as shown in the TCO analysis. The commenter 
cites costs in the SRIA, and staff updated the analysis for the staff ISOR in Sections VI.E 
and IX showing savings to be even larger than projected in the SRIA. As described in 
the response to comment A-20 above, the TCO analysis assumed a vehicle buyer 
would pay off the purchase cost over five years in a vehicle loan, which results in TCO 
net savings within the first year, even for drivers without home chargers where they 
need to rely on more expensive electricity prices from DC fast chargers. Retail prices


59 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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for electricity from DC fast chargers in the TCO analysis were $0.40/kWh in 2026 
growing to $0.44/kWh in 2035.


26. Comment: Commenter states the environmental costs of no biodegradable batteries 
will be staggering, and states that as a retired person living on a fixed income 
struggling to afford basic essentials now, especially with inflation, could never afford 
the price of an electric car and associated maintenance costs. [OP-22] 


Agency Response: ZEVs are expected to reach purchase price parity with conventional 
vehicle within the years of the ACC regulations. They will be as affordable as 
conventional new vehicles. They will also be more affordable from a TCO perspective. 
The ACC II rulemaking includes new requirements for manufacturers to meet long-
term (10 years or 150,000 miles) vehicle durability requirements on electrification 
components, and to provide a long-term (8 years or 100,000 miles) warranty for 
buyers. Both of these are expected to result in improved batteries and help with 
vehicle residual value in the used vehicle market. These battery improvements will also 
reduce the number of batteries that need to be replaced during a vehicle’s lifespan. 
Further details on battery recycling and battery secondary use can be found on pages 
32-39 and Chapter 4.B.9 of the Final Environmental Analysis and Master Response 2 
on page 13 of the Response to Comments on the Draft Environmental Analysis. See 
also response to Technological Feasibility and Supply Chain comment A-15 above. 
Staff assumed vehicle owners would not need to replace batteries during the life of 
the vehicle, and therefore would not incur an in-use cost for that repair. Refer to the 
response to comment A-20 above for details on the TCO analysis CARB developed, 
including maintenance savings for BEVs.


27. Comment: CARB has not factored the subsidization of electric vehicles into its 
economic analysis. The electric vehicle market is buoyed by state and federal 
subsidies. From California this includes grants for the purchase of zero-emission buses, 
grants for the replacement or repower of heavy-duty vehicles, and various rebate 
programs such as the Clean Vehicle Rebate Project and the Clean Fuel Reward 
program, and from the federal government this includes a tax credit of up to $7,500 
for the purchase of a new electric vehicle. Similarly, CARB must consider the impact of 
electric vehicle mandates on all motor vehicles, not just electric vehicles, as 
manufacturers spread unrecouped and compliance costs across their business. CARB 
cannot claim to have reasonably considered cost impacts to consumers or accurately 
evaluated electric vehicle purchase prices without adjusting for these subsidies and 
cross-subsidization. [OP-161-57, OP-97]


Agency Response: Staff did not include vehicle purchase incentives in the TCO analysis 
given the uncertain nature of the funding behind those programs.  Although recent 
budget proposals from California expand funds for incentive programs, and recent 
federal legislation expands vehicle tax incentives, the programs still have limitations 
where many vehicle buyers will not be eligible for the funds.  State incentive programs 
have limitations on the ZEV MSRP, and commonly do not have sufficient funds each 
year to pay for all the ZEV sales that occur.  At the federal level, the vehicle incentives 
have limitations on automakers and which vehicle models are eligible. At the time of 
the staff analysis before the Inflation Reduction Act was passed, the federal incentive 
programs had automaker caps restricting access to the incentives for automakers that
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have strong ZEV sales, such as Tesla and General Motors.  As such, staff decided to 
evaluate TCO net costs without incentives to avoid being overly optimistic, and the 
TCO results still reveal cost savings for BEV owners over the ten years studied. Staff do 
assume the regulated party in the ACC II regulations, manufacturers of passenger 
vehicles, will cross-subsidize their compliance costs across their varying passenger 
vehicle products in the market. Staff analysis for automaker compliance derived the 
average new vehicle incremental cost, accounting for the ZEVs and conventional 
vehicles in the new vehicle market.  This can be found in Section X.A.5 of the staff 
ISOR in Table X-8.


28. Comment: CARB must consider the impact of electricity rates. CARB acknowledges 
that by increasing the amount of electricity used, this will increase the amount of Utility 
User Tax levied. However, CARB fails to address the fact that low-income and 
disadvantaged communities spend a disproportionate amount of their income on 
essential utilities, such as electricity. In order to facilitate the ACC II targets, significant 
infrastructure buildout is necessary to support the increased electricity demand. 
Electrification of transportation sector will require an estimated $49 billion dollars. 
Low-income households will bear a disproportionate share of these costs. [OP-161-55, 
OP-97]


Comment: Attachment F (p. 2). The ACC II regulation would have multiple impacts on 
low- and moderate-income households. As highlighted in Figure 1 (next page), those 
families that purchase new battery-powered electric vehicles (BEVs) would have to pay 
much more for these vehicles. Lower-income BEV owners would likely pay more for 
electricity to charge their vehicles than their higher-income counterparts that have 
access to overnight charging. Those that stay with ICE vehicles will also pay higher 
prices for gasoline and repairs. Lower- and moderate-income households will be hard-
hit by regressive increases in utility rates to cover costs of electrifying the 
transportation system. And lower- and moderate-income households would be 
negatively affected by the loss of good-paying job opportunities as a result of the 
regulation’s impact on traditional energy jobs. [OP-161]


Comment: Commenter expressed concerns over price competition and pricing 
mechanisms regarding increased use of electricity from electric vehicles, and a need to 
ensure reasonable and affordable access to charging is available to all. [OP-114]


Agency Response: In staff’s TCO analysis, increasing electricity rates were accounted 
for in both residential home charging cases and in public charging infrastructure. Refer 
to the response to comment A-20 above for details on the TCO analysis staff 
conducted, including details of incremental vehicle costs and net savings, and for 
electricity prices assumed. Additionally, staff did consider the numerous public and 
private programs in place to expand public charging infrastructure, including with a 
focus on disadvantaged and low-income communities, which are described in the staff 
ISOR in Section III.A.6, including public funding. Refer to the response to comment A-
20 for additional details.


29. Comment: While the costs considered in the calculation include charger costs for 
single family homes (detached, attached, duplex, triplex, and quad), CARB has not 
accounted for the costs associated with multi-family residential, public, and workplace
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chargers which would include direct current (DC) fast charging stations. CARB claims 
that the “capital cost of public charging infrastructure is assumed to be passed 
through to the consumer via refueling rates”. Upon further review, it appears that the 
commercial/residential fueling (electricity) rates used in the SRIA were developed 
based on the fuel forecasts in the California Energy Commission’s (CEC’s) 2021 
Integrated Energy Policy Report (IEPR). While the 2021 IEPR notes that the key driver 
of electricity rates is the cost of investment in the grid infrastructure (including 
chargers) to meet state policy goals, it also states the that the demand forecasts “do 
not incorporate currently nonexistent policies, such as [the proposed] Advanced Clean 
Cars II”. Hence, the electricity rates do not account for the costs associated with these 
(multi-family residential, public, and workplace) chargers. We estimated a total cost of 
$13 – 24 billion for these chargers using the charger purchase and installation costs 
(Table B-1) from South Coast Air Quality Management District’s (SCAQMD’s) Final 
Staff Report for the Warehouse Indirect Source Rule and projected number of 
chargers (Table B-2) required for the implementation of the ACC II from the Draft 
2022 State Strategy for the State Implementation Plan. If just the costs associated with 
multi-family residential/public/workplace chargers were accounted for in the ACC II 
SRIA benefit-cost analysis, the benefit-cost ratio would fall to 1.08-1.12. [OP-161-71, 
OP-97]


Agency Response: CARB vehicle regulation analyses consistently rely upon CEC’s IEPR 
fuel forecasts, which are adopted through a rigorous public process for robustness.  
This provides consistency in fuel price forecasts between rulemakings and also 
provides a single data source that includes multiple types of fuels (e.g. electricity, 
gasoline, and diesel). The IEPR forecasts in fuel prices are not able to account for 
unforeseen future policy decisions on electrification loads or gasoline demand 
changes. It would not be realistic to speculate on potential future rate changes due to 
electric loads in future policy decisions. If bounding fuel price scenarios are 
incorporated into rulemaking analyses, it would need to account for different gasoline 
prices and not just different electricity prices. As was evident in 2022, gasoline prices 
fluctuated widely, including prices substantially higher than what staff assumed in the 
TCO analysis ($3.92/gallon in 2026 rising to $4.34/gallon in 2035). Further, as 
transportation electricity demand increases, the costs of investment in grid 
infrastructure would be spread across a larger base. This could result in lower per unit 
energy refueling rates, as evidenced in the lower costs of electricity under CEC’s 2021 
IEPR high-demand scenario compared to the mid-demand scenario.


Staff did not assume that all BEV drivers that live in apartments would have access to a 
charger. Instead, for a portion of the vehicle owners, staff assumed they do not have a 
home charger and instead rely on approximately 55% of their electricity from DC fast 
chargers (with the remainder from level 2 charging in public or at work). The higher 
price of DC fast charging included in the TCO analysis is not based on the IEPR price 
levels, but instead on EVgo and Electrify America actual rates, and is increased at the 
rate of the CEC commercial electricity forecasts. The DC fast charging price assumes 
the installation costs of the equipment is passed through to the drivers in the price of 
the fuel.
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30. Comment: The ISOR overestimates the potential benefits associated with the vehicle-
to-grid (V2G) technology. CARB has assumed there would be savings associated with 
V2G technology as seen in total cost of ownership calculations. These savings begin in 
2027 at $2 million, increasing over time to $5.3 billion by 2040. The cumulative savings 
for V2G technology are nearly 40% of the total net savings as a result of the ACC II 
proposal and are therefore a significant driver in the benefit-cost ratio calculation. 
CARB has described these purported benefits, without accounting for the costs of 
V2G technology on the lifetime and warranties for battery electric vehicles (BEVs). If 
the batteries in BEVs are used as a source of power for homes, this would increase the 
number of vehicle battery charging cycles without adding miles which will negatively 
impact the battery state of health and the lifetime. Further, BEVs currently available in 
the market are not intended to be used in this fashion. Hence, there is potential for 
the battery warranty to be voided with such use. There is no mention of V2G 
technology in the draft regulatory language for BEVs in the proposed ACC II. Hence, 
warranty requirements for future BEVs manufactured to meet the sales requirements 
of ACC II may preclude V2G technology from being used on these vehicles. Assuming 
benefits for V2G technology without considering the potential cost impacts to the 
vehicle battery lifetime and warranty results in a one-sided benefit-cost evaluation. 
Additionally, CARB has assumed that up to 25% of BEV owners in single-family homes 
will partake in this use case, without any factual basis or hard references for these 
assumptions. Because of this, the savings calculated as a result of these numbers must 
be re-evaluated and considered carefully in the benefit-cost analysis. CARB should 
update the SRIA to present a more complete analysis. [OP-161-73, OP-97] 


Agency Response: Staff assumed 1% of drivers in a single-family home will be able to 
partake in vehicle-to-grid (V2G) use cases starting in 2030, and that this percentage 
scales up to 25% by 2035. Staff assumed drivers export 6 kWh per day to power the 
home during peak times, then recharge the 6 kWh along with their normal driving 
needs during off-peak times. Staff assume this to grow over time to 10.4 kWh per day 
by 2035 due to batteries becoming more efficient and larger and increased driver 
confidence in the technology. Staff assumed a delayed usage of this feature due to the 
time needed to develop the vehicle models that can support this technology and the 
time needed to develop home charging systems that are capable of interfacing with 
the home electrical system to power the house. Staff also assumed a low usage of the 
V2G capabilities due to the cost of installing the compatible charger and the 
availability of the vehicles on the market capable of this use case.


There are several vehicles on the market today that support exporting electricity from 
the vehicle to another object such as a house or power tools. The Ford F-150 
Lightning and the Rivian R1T currently support exporting electricity from the vehicle 
battery in some form. Staff assumed that drivers will operate the vehicles within the 
parameters recommended by the automaker to avoid voiding the warranty and that 
because such use is expected, the batteries and vehicles will meet the durability 
requirement of the regulations. 


CARB also included provisions for the manufacturer to be able to define excessive use 
of V2G in determining enforcement test group eligibility in section 1962.7. According 
to ISOR Appendix F-9, p. 17, it is necessary to maintain flexibility and determine
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excessive levels on a case-by-case basis and using good engineering judgment. To 
that end, the Executive Officer must consider the reasonable frequency, distribution, 
and impact on battery degradation of vehicle-to-grid and DC charging activities, or 
usage at high battery temperatures, adherence to the manufacturer’s 
recommendations or guidelines for such activities, and any other relevant information. 
These considerations allow the application of relevant scientific and technological 
principles of zero emission vehicle design and performance to determine appropriate 
limits and criteria in a given instance when the Executive Officer conducts enforcement 
testing. 


ZEV Affordability


31. Comment: CARB received several comments concerned about the ability to afford 
electric vehicles, including for those in low-income, working class, and over-burdened 
communities.  [OP-31, OP-141-32, T1-18, T1-69, T1-97, T1-99, OP-44, OP-88, OP-153, 
OP-42, OP-171, OP-163, OP-22, OP-64, 15b-760, T2-29]


Comment: Agricultural workers need affordable, reliable cars to get themselves to and 
from the job site in rural areas. Many used ZEV are currently selling above their 
original list price. Will the used ZEV market be at a price that is affordable to California 
farm workers? For those used ZEV and PHEV that are affordable, will they be reliable 
or require expensive repairs such as a new battery. Current ZEV and PHEV are mainly 
owned by white collar workers, will they withstand the dirt roads and neglected roads 
that California farmworkers drive to reach job sites? [15b-561]


Comment: Commenter encourages CARB to find a better balance between 
technology affordability and allow an even playing field and says it’s hard to compete 
in a global market when California has rules that no other state and country that 
requires their businesses to adhere to. [T2-11]


Comment: Commenter says “…this proposal will…force those who can least afford it 
to pay the most,” and “will also do economic harm, further erode economic upward 
mobility, and cost the state well-paying jobs.” [OP-119]


Comment: Commenter opposes the timeline in the proposal and says it is too 
aggressive when considering low-income and minority populations who cannot afford 
a ZEV within the timeline [T1-102]


Comment: “…her family doesn’t have the ability to buy an expensive electric car.   
While there may be a few years before gas powered cars are illegal, I don’t see any


60 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.
61 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.
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lowering in the price of an electric vehicle, and it seems only the wealthy can afford to 
make this change.” [OP-115]


Comment: Commenter opposes the proposal citing economic burden for households 
who cannot afford to transition to higher-priced ZEVs [OP-129]


Comment: The new ACC II regulations will hurt my family’s pocketbook.   Our family 
doesn’t have the ability to buy an expensive electric car.   While there may be a few 
years before gas powered cars are illegal, I don’t see any lowering in the price of an 
electric vehicle, and it seems only the wealthy can afford to make this change. [OP-74]


Comment: Especially consider how to encourage and make feasible the transition to 
electric vehicles for individuals of all incomes and backgrounds! Leave no one behind. 
Let’s do this right! [OP-76]


Comment: Commenters request a better balance between technology and 
affordability and allow an even playing field and recommend the Board reject the 
proposal. [T1-65, T1-66]


Comment: Commenter states “Although the SRIA acknowledges that severe negative 
economic impacts are anticipated for specific businesses in the economy, it downplays 
them. For example, CARB estimates the cost of the Proposed Regulation to vehicle 
manufacturers to be ‘an average annual cost of $199.4 million and a cumulative cost of 
about $3.2 billion through 2040.’ Valero agrees with CARB’s observation that ‘these 
direct costs are ultimately passed through to end-users in California,’ but these costs 
are likely understated; each electric vehicle enjoys thousands of dollars’ worth of 
Federal and state subsidies, which are ultimately funded by taxpayers, and 
automakers’ ability to sell Evs to consumers depends on substantial price subsidies in 
the form of credit support. While CARB also claims that operational savings will ‘more 
than offset the incremental cost over the vehicle lifetime,’ this ignores the reality that 
many Californians currently are unable to afford the upfront costs of purchasing a ZEV 
in the first place. [OP-141-25]


Agency Response: CARB has considered the multiple comments citing the high cost of 
ZEVs as a reason to oppose the ACC II regulations but disagrees that the current 
higher cost of ZEV technology will persist by the time the ACC II regulations takes 
effect and that the overall cost of compliance will outweigh the benefits to human 
health and the environment resulting from the ACC II regulations.


Some of the comments seem premised on a misunderstanding that all conventional 
vehicles, new and used, will need to be replaced by a ZEV prior to 2035. The ACC II 
regulations applies only to new vehicles being sold and does not require the 
replacement of existing conventional vehicles or somehow make illegal the continued 
operation of gasoline-powered vehicles. As explained in the response to FSOR 
Appendix C, Comment E-1, automakers can sell new plug-in hybrids, which can use 
gasoline, and fulfill up to 20% of their ZEV requirement with these vehicles throughout 
the ACC II regulations phase-in and beyond 2035 when the regulation is fully phased 
in. 
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Although the average price of new ZEVs sold today is currently higher than the 
average price of new conventional vehicles, this average is skewed by the high 
proportion of luxury ZEVs sold. The ACC II regulations applies to all manufacturers and 
the luxury market is limited in size such that manufacturers cannot only sell ZEVs to this 
market to meet the increasing requirements. As more auto manufacturers introduce 
more mainstream models, the average price of new ZEVs is expected to decline 
relative to conventional vehicles. The higher production volume requirements of the 
ACC II regulations, as well as similar regulations globally, will contribute to economies 
of scale that will help to lower costs from today’s levels. As shown in Table 30 in 
Appendix G of the ISOR, price parity between BEV300s and conventional vehicles is 
expected as soon as 2031 for the small car and medium SUV segments and 2033 for 
the small SUV segment.  


Even before price parity is achieved on the initial purchase, from a TCO perspective 
net cost savings can be achieved at the start of the regulations. Refer to the response 
to comment A-20 above for further details.  ACC II also includes regulatory incentives 
for automakers that take action to help improve environmental justice outcomes as 
described in section III.C.5 of the ISOR. These actions include providing ZEVs and 
PHEVs at a discount to community clean mobility programs; retaining used ZEVs after 
leases in the California market for low-income vehicle purchasing and finance 
assistance programs (such as Clean Cars 4 All); and offering lower-priced new ZEVs to 
the market. These optional provisions will help increase affordable access to ZEVs, 
particularly in environmental justice communities in California.


Moreover, the ACC II regulations provide California net benefits beyond their costs, 
The ACC II regulations and the supporting documents meet the requirements for 
protection of public health and considering the economic impacts of doing so. 
Additionally, CARB is aware that, beyond the ACC II regulations, more must be done 
to ensure environmental justice communities benefit equitably from the transition to 
100% new ZEV and PHEV sales and Resolution 22-12 directed staff to work to expand 
access to ZEVs (p. 20). In addition to the ACC II regulations, statewide actions can 
include significant increases in funding for targeted incentives and infrastructure 
development, as well as more directed equity actions from private industry.


For rural or agricultural communities with typically longer distance driving needs, 
FCEVs and PHEVs remain compliance options as discussed in response to comment E-
21. Auto manufacturers are also beginning to offer ZEV pickup trucks such as the Ford 
F-150 Lightning, the GMC Hummer EV, and the Rivian R1T that are capable of 
enduring rugged conditions that may be more prevalent in rural environments. The 
State is also proposing to spend nearly $1.7 billion on light-duty ZEV Infrastructure 
through fiscal year 2025-2026. This spending includes $384 million from the National 
Electric Vehicle Infrastructure Program which will fund over 830 fast chargers and the 
State is committed to direct at least 50% of this funding for California-designated 
disadvantaged communities and/or low-income communities and 40% of funding in 
federally designated Justice40 communities, which include tribal lands. California may 
also nominate additional routes that include rural locations and historically 
disadvantaged and low-income communities where private investment in charging 
infrastructure is lacking.
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32. Comment: The average cost of an internal combustion engine vehicle (ICE)
is $12,000 less compared to a similar battery electric vehicle (BEV). This differential 
would be devastating to the everyday Californians who overwhelmingly rely on gas-
powered vehicles to drive increasing distances to commute to work.  [OP-53]


Agency Response: See preceding response (E-31) on price differential. Related to 
driving increasing distances, the ACC II regulations will require ZEVs to have a 
minimum range of 200 miles and meet other measures to ensure that these vehicles 
can serve as replacements for gasoline vehicles. This minimum range captures the vast 
majority of round-trip commuting distances. As part of the ZEV assurance measures, 
the ACC II regulations also requires that manufacturers ensure that vehicle range is 
durable over the life of the vehicle and offer warranties that cover battery 
replacements if the all-electric range has deteriorated significantly. Further, the TCO 
analysis is based on average annual vehicle miles traveled. Consumers with higher-
than-average commute distances would accrue even greater savings than was 
estimated in the ISOR. In other words, the record shows that ZEVs are expected to 
greatly benefit Californians who use personal vehicles to commute to their jobs. 
Finally, even after full implementation of the ACC II regulations, consumers whose 
driving needs exceed those of BEVs in their price range may continue to operate their 
existing conventional vehicles, purchase a used conventional vehicles, purchase a new 
or used plug-in hybrid (which can operate on gasoline), or purchase a new or used fuel 
cell electric vehicle (which uses hydrogen and has vehicle ranges over 400 miles and 
refuels as quickly as a gasoline vehicle).


33. Comment: These regulations would only exacerbate an already alarming income 
inequality divide in California and effect working families and low-income families the 
most. Access to overnight charging, increased electricity rates, and higher prices for 
gasoline will affect lower income families the most and all be amplified because of 
these regulations. [OP-53]


Agency Response: U.S. household expenditures on energy consumption have ranged 
between 4% and 8% of their disposable income, and it has been shown historically 
that consumers spend higher shares of their income on energy expenditures when 
energy prices are higher. The impact of higher energy prices can be more significant 
for low-income households, as they spend larger magnitudes of their disposable 
income on energy expenditures. Increasing availability of ZEVs with their lower 
operating costs would therefore benefit low-income households more and protect 
them from volatile gasoline price fluctuations.


The staff TCO analysis accounts for increasing electricity prices in future years relying 
on the most recent 2021 CEC IEPR projections. Specific rates will be determined by 
the CPUC as that agency manages proceedings and decisions with electric utilities to 
approve rates accounting for necessary investments in distribution and supply 
equipment. Refer to the response to comment A-20 above for further details.  Unlike 
electricity, whose rates are set by State agencies through a public process, gasoline 
prices are unregulated and instead set by the global commodities market and 
individual retailers. There is no evidence that this regulation will increase the price of 
gasoline and this argument runs counter to basic economic theory. At the market 
level, a reduction in demand for a product implies a reduction in a price rather than an
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increase. While in the short run a reduction in demand may change a firm’s average 
cost, this does not correspond with a price increase, but a change in producer surplus. 
In the long run a lower demand environment may lead to exit of higher cost 
producers, but in either case price would not be expected to increase. As suggested 
by our response to the Department of Finance’s comments to the SRIA, the 
expectation is that if anything gasoline prices may decrease relative to the baseline 
forecast as a result of the decreased demand resulting from this Regulation.


34. Comment: [T]he California Air Resources Board (CARB) estimates rely upon BEV prices 
falling. For this transition to make it affordable for working people and low-income 
families, this price differential is critical. However, studies show that the price 
differential is increasing. The strong demand for battery metals such as nickel, cobalt, 
and lithium is only going to raise the prices for these battery components which BEV 
producers will only pass along to consumers. This will be regressive and make it harder 
for lower income families to afford BEV. [OP-53]


Agency Response: Refer to the Master Response 2 on page 13 of the Response to 
Comments on the Draft Environmental Analysis related to the availability of minerals 
used in battery production. Given that CARB disagrees with the premise that mineral 
supply will be constrained, CARB also disagrees with the commenter that subsequent 
price impacts would affect the affordability of a BEV. Additionally, as noted in 
response to comment A-20, the total cost of ownership will be lower for BEVs than for 
conventional vehicles. Given that lower-income households typically spend a larger 
share of their income on energy costs, lower-income households will benefit more 
from any savings than higher-income households. Lastly, as noted in response to 
comment A-32, the ACC II regulations as well as other State actions are targeting 
assistance to increase access to ZEVs by lower-income households. 


35. Comment: New electric cars cost far more than conventional vehicles, and unlike 
conventional vehicles cannot be maintained indefinitely. Once EV batteries wear out, 
they must be replaced, or the car is worthless. EVs are not designed to allow battery 
replacements, and for the few for which battery replacement is an option, the battery 
replacement cost is over $15,000 – over three times the amount allowed for our 
poorest families to own a car without losing food and cash assistance [15b-2-10].


Agency Response: This comment was submitted during the Second 15-Day Notice, 
the scope of which was solely additional documents relied upon being added to the 
record. As such, this comment is beyond the scope of the comment period and no 
response is required. Nevertheless, CARB notes that the price differential between 
new ZEVs and conventional vehicles will narrow over time, eventually reaching parity 
between 2031 and 2033 for most size classifications, as discussed in the response to 
comment A-20 above. For BEVs, this price parity occurs partly because battery costs 
have declined, which would decrease the cost of a battery replacement. CARB further 
disagrees that BEVs are not designed to allow battery replacements. As discussed in 
the ISOR, auto manufacturers do occasionally replace batteries under warranty and are 
also designing battery packs to allow for only select modules to be replaced rather 
than the entire battery pack, which will substantially lower the costs of repairing any 
battery failure (see ISOR, p. 86). Until that occurs, as part of the ACC II regulations, 
auto manufacturers are incentivized to produce lower-cost ZEVs with manufacturer
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suggested retail prices below $20,275 for a passenger vehicle and $26,670 for a light 
truck – which is much below the average purchase price of new vehicles, again 
whether conventional or ZEV. The requirement for increasing new ZEV sales will also 
increase the supply of used ZEVs, which will also help to lower prices of used ZEVs. 
Lower-income families will continue to have access to used vehicles that are both ZEV 
and conventional vehicles from which they can choose based on their driving needs 
and budget constraints. 


CARB disagrees with the commenter’s implication that, in contrast to ZEVs, 
conventional vehicles can be cost-effectively maintained in perpetuity. Conventional 
vehicles can also encounter problems with significant repair bills that would exceed 
the value of the vehicle, particularly after a vehicle has exceeded its expected useful 
life (under the emission standards for conventional vehicles) of 150,000 miles, and 
especially if a major component needs repair or replacement, such as the engine or 
transmission, neither of which have infinite durability. Economic theory would suggest 
that whether the cost of repair is one dollar more than the value of the vehicle or three 
times the value, the decision in both cases would be for the owner to scrap the vehicle 
regardless of whether the vehicle is a ZEV or conventional vehicles. Lower income 
households are more likely to own vehicles that are only a fraction of the original 
purchase price, so the cost of repair of a conventional vehicle need only be in the low 
thousands of dollars – not the tens of thousands – for the vehicle to be considered 
economically irrational to repair. 


Further, the ACC II regulations includes a suite of ZEV assurance measures designed 
specifically to reduce the likelihood that the battery would “wear out” or need 
replacement as the commenter poses to help ensure that ZEVs will displace the 
emissions of conventional vehicles. By establishing minimum requirements for the 
performance of ZEVs, the ZEV assurance measures help support access to reliable 
ZEVs for those that may not be buying new vehicles, but for whom reliable and 
durable mobility options are especially important. These measures include 
requirements for durability, warranty, data standardization battery labeling, and 
serviceability. These measures individually and collectively support the emission 
reductions of this regulation by ensuring that the vehicles perform as needed to fully 
and permanently replace conventional vehicles. In addition to providing consumer 
confidence and reliability so that ZEVs can fully penetrate both the new and used 
vehicle markets, such requirements also have important distributional equity 
implications, as they can assure the performance of vehicles bought used and when 
vehicles are more affordable. ACC II is also expected to increase participation of small 
independent repair shops in the transition to ZEV technologies since these repair 
shops will now be guaranteed access to repair information for ZEVs. Their participation 
increases competition with dealer repair services and helps to lower overall repair 
costs of ZEVs.


36. Comment: The policy neglects the huge challenge of building enough ZEVs to meet 
your requirements. Over the next 15 years, the mining and extraction system in the 
U.S. will not produce enough lithium for all the batteries needed. This will create 
scarcity, which means punishing high prices for Californian working families. [T1-25]
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Agency Response: See Master Response 2 on page 13 of the Response to Comments 
on the Draft Environmental Analysis for a discussion on the supply of critical minerals. 
Battery materials are drawn from a global market, not just in the U.S. Existing global 
supplies, anticipated new mines, and an increasing battery recycling industry will 
provide mineral resources for battery manufacturing. The record does not establish 
that the ACC II regulations will change the overall sales trajectory of vehicles, nor that 
ACC II will significantly affect mineral supply. And the federal Inflation Reduction Act 
incentivizes expanded domestic production of batteries.


37. Comment: ARB’s staff analysis – together with auto industry statements – has shown 
that the ramp up in standards is feasible and cost-effective. The standards would not 
only significantly cut pollution, but also reduce transportation costs for the average 
household in the state, leading to significant economic benefits. [OP-99]


Agency Response: CARB concurs with the commenter that the ACC II regulations will 
reduce transportation costs for households throughout California. 


38. Comment: A driver of a 2021 Nissan Leaf would need over 6 hours to gain 120 miles 
of charge at a Level 2 public charging station, at a cost between $15.78 and $29.54 
($0.13 and $0.25/mi, respectively), depending on time of use and location within 
California. At a gasoline price of $6 per gallon, the same driver would spend fewer 
than 5 minutes and $0.18/mi fueling a 2021 Toyota Corolla. Despite popular sentiment 
that electric vehicles are less expensive to own and drive than their internal 
combustion engine counterparts, this is clearly not the case for drivers that lack access 
to home charging infrastructure. Even if public charging stations were readily available 
within disadvantaged communities, the cost and time burdens render electric vehicle 
ownership entirely impractical for communities that rely on Level 2 public chargers. 
[OP-122-18]


Agency Response: CARB disagrees. As part of the economic analysis for the ACC II 
rulemaking, staff developed a TCO assessment and considered equity impacts. The 
BEV technology is projected to be the dominant strategy for compliance by 
automakers, and staff project TCO net cost savings for BEV owners, as described in 
Section VI.E of the staff ISOR, which will enable increased discretionary spending by 
families. Details of the methods and assumptions used in the TCO analysis can be 
found in the SRIA Section 3.5, attached as Appendix C to the ISOR. Notably, 
commenter is only comparing price per mile and time spent refueling or recharging, 
which do not capture a TCO (leaving out maintenance costs, registration costs, etc.). 
Refer to the response to comment A-20 above for additional information on CARB’s 
TCO analysis. 


The TCO results show that BEV owners will save $3,216 over ten years in the most 
conservative case evaluated (a 2026MY BEV with higher electricity prices assuming no 
access to a home charger) and will realize savings within the first year of ownership.  
Ten-year savings are much larger, at $8,835, with the lower cost 2035MY BEV coupled 
with access to a home charger. Essentially, this shows that even if a BEV driver does 
not have a home charger and must use more expensive public electric charging, they 
still save money. However, to improve access to more convenient home charging, 
refer to the response to comment A-20 above for information on state programs to
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prioritize disadvantaged communities in state support electric vehicle charging 
investments.


CARB further disagrees with commenter’s assertion that time burdens also render 
BEVs impractical. Generally, one could save time charging a vehicle overnight, during 
the workday, or while conducting other trips. However, given the uncertainty in how 
time impacts would ultimately net out, these benefits and burdens were not included 
in the TCO assessment. 


Economic and Equity Impacts


39. Comment: CARB is required to assess any adverse economic impacts on California 
business enterprises and individuals resulting from its proposal. Further, under 
Executive Order N-79-20, CARB must ensure that its ZEV regulations “serve all 
communities and in particular low-income and disadvantaged communities.” These 
requirements are written broadly to ensure that CARB considers a wide range of both 
direct and indirect impacts to individuals—this consideration must include electricity 
rate increases. . . . CARB has failed to fully account for substantial economic impacts 
from forced electrification to individuals in general and to vulnerable communities in 
particular. [OP-161-54, OP-97]


Agency Response: Refer to the response to comment A-20 for a description of the 
TCO analysis CARB conducted, showing that operating a BEV over time leads to 
substantial savings for the owner, thereby increasing discretionary spending. 
Regarding impacts to lower income families, refer to the response to comment A-32 
for a response about how ACC II provisions benefit disadvantaged and low-income 
communities and include specific provisions to encourage automakers to support 
lower income buyers. Additionally, refer to the response to comment A-20 above for a 
response on electricity pricing and access to charging infrastructure.


40. Comment: The cost for these vehicles will unduly punish those in the lower income 
brackets of California. [B2-10]


Comment: CARB’s ongoing policy bias of creating racially disparate steep new 
financial burdens and job losses on working families [OP-122-5]


Comment: Another concern of the Advanced Clean Cars II regulation is the imposed 
cost the ZEVs for consumers and businesses. Within the Cambridge University press 
article, “The Benefits and Costs of Automotive Regulations for Low-Income 
Americans,” the authors discuss who bears the costs of automotive regulations which 
are consumers of vehicles, employees of the industry, suppliers and/or dealers, and 
owners/investors (Conrad & Graham, 2021). Consumer of vehicles are affected in the 
form of higher vehicle prices or diminished product quality and employees in the 
industry are affected by responding to higher costs by reducing the compensation for 
employees or number of employees. Higher new vehicle prices, whether it be due to 
regulation or other factors, can create upward pressure on demand and prices for 
used vehicles. The increase in cost for new and used vehicles will be particularly 
challenging for low-income households and businesses. [OP-103]
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Comment: Commenter says ACC II will create major inequities due to lack of 
affordability and increased utility rates. [T1-66]


Comment: The ACC rule ignores the real consequences to real people of banning the 
source of ongoing, reliable, cost-effective, and low-emission cars that are affordable in 
the used car market for Californians who cannot afford a $40,000 electric vehicle. The 
ACC rule ignores the consequences that are both acute and more racially disparate 
and harmful to California working families. For example, families that own a car worth 
more than $4,650 lose access to key public assistance programs like CalWORKs and 
food subsidies. There are real consequences CARB that continues to ignore and refuse 
to respond to. [T2-15]


Comment: Commenter says fixed route public transit can steal 20 hours per month 
from workers who use transit instead of driving, hours that can be spent caring for 
children, or on improving health and education outcomes. [15b-2-7] 62


Comment: Commenter believes climate programs such as ACC II that impose higher 
economic costs on the poor also cause racially disparate harms to communities of 
color. [15b-2-5]


Comment: Commenter says only 20% of adults living below the national poverty line 
do not have access to a car and families that own a car worth more than $4,650 lose 
access to key public assistance programs like CalWorks and food subsidies [15b-2-9].


Comment: Commenter believes car ownership massively expands employment 
opportunities even in transit served, higher density coastal regions [15b-2-8].


Comment: The ACC II rule ignores the real consequences to real people of banning 
the source of ongoing, reliable, cost-effective, and low emission cars that are 
affordable in the used car market for Californians who cannot afford a $40,000 EV. 
[15b-2-12]


Comment: CARB’s ACC II rule, along with the four anti-housing measures we 
challenged in the 2017 Scoping Plan, and the far more extensive and foundational 
flaws we have commented on for the Draft 2022 Scoping Plan, is another 
“progressive” Wilsonian triumph: it makes the poor poorer, and singles out 
communities of color and working families for disparate and massive harms to plow 
past the Legislature’s rejection of CARB’s ACC II diktat. [15b-2-21]


Agency Response: CARB considered these comments that the ACC II regulations 
disproportionately burden low-income households and communities of color but 
believes that the regulations are consistent with CARB’s environmental justice policies


62 This comment and the five that follow were submitted during the Second 15-Day Notice, the scope of which 
was solely additional documents relied upon being added to the record. As such, these comments are beyond 
the scope of the comment period and no response is required. And, CARB notes it did not propose or adopt a 
ban of low-emission cars, and so to the extent the commenter is making or basing its comments on such a ban, 
the comment is beyond the scope of this rulemaking. Nevertheless, they are responded to here.
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and other legal requirements and do not disproportionately impact people of any 
race, culture, or income as indicated in Resolution 22-12 (p. 17).


The TCO analyses included in Section VI.E of the ISOR show net cost savings for BEV 
owners, with savings of $3,200 over ten years in the most conservative case evaluated 
(a 2026MY BEV with higher electricity prices assuming no access to a home charger). 
Under the most optimistic assumptions (a 2035MY BEV with access to a home 
charger), savings over ten years are much greater at $8,800. Refer to the response to 
comment A-20 above for further details. The TCO analysis also accounts for increasing 
electricity prices in future years relying on the most recent 2021 CEC IEPR projections. 
See the response to comment A-20 also for details on infrastructure public 
investments occurring to increase access and on electricity rates.


These savings apply for ZEVs purchased new. Used ZEVs could be expected to 
generate similar or greater savings as their initial purchase price is substantially lower 
than new ZEVs which also lowers costs associated with purchase price such as sales tax 
or insurance; meanwhile, other costs such as operating costs remain roughly constant 
over the life of the vehicles. US household expenditures on energy consumption have 
ranged between 4% and 8% of their disposable income, and it has been shown 
historically that consumers spend higher shares of their income on energy 
expenditures when energy prices are higher. The impact of higher energy prices can 
be more significant for low-income households, as they spend larger magnitudes of 
their disposable income on energy expenditures. Lower operating costs of BEVs and 
PHEVs would therefore benefit low-income households more and protect them from 
volatile gasoline price fluctuations.


Accordingly, CARB has included provisions within the scope of the ACC II regulations 
to promote access to ZEV technology, and Resolution 22-12 directed staff to work to 
expand access to ZEVs (p.20). While the current average purchase price of ZEVs is 
higher than that of conventional vehicles, these are mostly in the luxury market which 
exaggerates the price differential between the technologies. The increasing ZEV 
requirements will require all manufacturers to participate in the ZEV market and offer 
more mainstream or entry-level models, which, combined with the reduction in 
technology costs discussed in the response to comments E-31 and E-32 above, means 
that in the future ZEVs will be more affordable to a broader range of consumers.


In the meantime, CARB and other State agencies administer a number of grant and 
incentive programs to improve clean transportation access and to increase zero-
emission mobility choices for lower income and underserved communities. Low-
income residents receiving public assistance must consider their own circumstances for 
any vehicle purchase decision regardless of whether the vehicle is a ZEV or 
conventional vehicles, or new or used, and the potential impact of this Regulation on 
this decision is outside the scope of this rulemaking. 


These ACC II regulations do not directly impose requirements on used vehicles. 
However, to the degree that higher new ZEV prices translate to higher used ZEV 
prices, having a broader range of new ZEVs at all price points as a result of the ACC II 
regulations will also mean that future consumers will have a broader range of used 
ZEV prices analogous to today’s used conventional vehicles price ranges, particularly
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after price parity between the technologies has been achieved. As prices of new ZEVs 
decline with time, the prices of used ZEVs can be expected to fall as well. To 
accelerate this process, the ACC II regulations specifically includes a provision to 
incentivize manufacturers to produce low-cost ZEVs in the earlier years. Additionally, if 
the TCO savings of ZEVs, ZEV assurance measures, or other factors make used ZEVs 
more attractive to consumers than conventional vehicles, used ZEV prices would be 
expected to increase if their supply is constrained. The increasing ZEV requirements of 
the ACC II regulations will increase the supply of used ZEVs and help contain any such 
price increases. 


41. Comment:  Apart from this general charger availability deficit, low-income and 
disadvantaged communities do not enjoy the same access to ZEV infrastructure, 
exacerbating economic burdens for these vulnerable groups. The CEC’s 2020 SB 1000 
Report on Equitable Distribution of Charging Infrastructure found that public chargers 
are unevenly distributed across state air districts— the Report noted that relatively 
more chargers appear in census tracts with low population density and that low-
income communities on average have the fewest public Level 2 and total chargers per 
capita. This problem of inequitable access is clearly visible in comparing existing 
electric vehicle charger density to CalEnviroScreen 4.0 percentile scores [OP-122-16]


Comment: Indeed, many individuals, and in particular low-income populations, who 
are unable to charge vehicles in their homes—for example, those residing in 
apartment complexes or multi-family units or in homes that otherwise have street-only 
parking—will have to rely on DC fast chargers at an increasingly disproportionate rate. 
But as demonstrated above, it is precisely these populations that will also have 
disproportionate travel distances to and from public DC Fast Charging Stations, which 
are also more expensive and time consuming to the consumer and degrade EV 
batteries at an increased rate. [OP-122-17]


Comment: Uneven access to ZEV charging infrastructure means that low-income and 
disadvantaged communities have some of the longest drive times from community 
centers to the nearest public DC Fast Charging Station. [OP-122-19]


Comment: The plan disproportionally impacts rural communities who lack the 
infrastructure of charging stations. It also disproportionally impacts migrant farm 
workers because they may travel out of state to communities that lack charging 
stations. [15b-5]63


Comment: Longer drive times may also create challenges for businesses located near 
or within these communities, potentially forcing them to relocate to areas with higher 
charger densities and leaving less economic opportunity in the low-income 
communities left behind. [OP-122-20]


63 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.







168


Agency Response: Refer to Section III.A.6 of the ISOR for a description of State and 
federal infrastructure programs and how they are prioritizing investments in 
disadvantaged communities, as well as the response to comments A-20 and E-31 
above and Master Response 1 on page 6 of the Response to Comments on the Draft 
Environmental Analysis. Additionally, the ACC II rulemaking will require that vehicles 
are equipped with charging cords capable of both Level 1 and Level 2 service, 
enabling drivers to access charging circuits even if they do not have the ability to 
purchase a Level 2 home charger. This can also reduce the cost for businesses to 
install workplace charging for fleet vehicles.


As part of the economic analysis for the ACC II rulemaking, staff developed a TCO 
assessment and considered equity impacts. The BEV technology is projected to be the 
dominant strategy for compliance by automakers, and staff project TCO net cost 
savings for BEV owners, as described in Section VI.E of the staff ISOR, which will 
enable increased discretionary spending by families. See the response to comment A-
20 above. For a business, these cost savings from the operation of fleet BEVs would 
provide additional revenue for other expenditures. Given the prioritization at both the 
State and federal level to invest in ZEV infrastructure in disadvantaged communities, 
and the overall cost of ownership savings, the evidence in the record does not support 
commenter’s speculation that businesses may move away from these communities. 


General Economic Impacts


42. Comment: The result of the adoption of these regulations will have far reaching 
impacts upon on all Californians, dictating how they must run their businesses, what 
cars they can drive, where they can live, and what stove they can cook with. Life as we 
know it in California will be altered going forward.  
 
Some of the major implications for businesses and individuals in California, include:
• Increasing costs to businesses, especially agricultural and transportation sectors. 
[OP-75]


Comment: The proposed regulations will have devastating effects on our industry, on 
California businesses, on the state’s economy, and ironically on the environment. [T2-
46]


Comment: This Plan hurts the working men and women of Central Valley. California is 
not on track to build enough charging stations that will meet the demand of the 
mandate, especially in low-income communities throughout the Valley.   Our region 
deserves better- the politicians talk about raising economic opportunities for us and 
then adopt a plan that will mean higher costs for all working families. [OP-73]


Comment: On behalf of the African American Farmers of California we respectfully 
urge this Board to go back to the drawing board on ACC II to lessen the harm to 
growers already struggling in this state.  Our members operate small farms, a few 
acres and these regulations pose a real threat to the viability of small black farms 
throughout the state.  These new rules, ironically will lead to what some proponents 
purport to oppose- large agri-business. Only large, corporate agriculture companies 
can withstand these changes and survive.  Smaller farms, many which are brown and
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black growers may have to sell to larger corporations or simply shut down.   Please 
consider farmers like myself before you adopt the rules before you today. [B1-18]


Comment: Multiple commenters say the Regulation will negatively impact farmers, 
their employees, rural communities, utility rates, and the cost of food. [T1-107, OP-
129, OP-140, OP-146, OP-153, OP-165, 15b-564, T2-51] 


Comment: A coalition of groups & individuals known as Energy IDEAS states: the 
regulation could potentially reduce personal income by $15 billion dollars, car 
ownership would increase by $6,000 per car, economic output could be reduced by as 
much as $22.7 billion, and low income communities will carry a disproportionate 
burden of these costs.    Food security and affordability will be negatively impacted, 
and small businesses will pay a huge price along with 85,000 jobs that could be 
impacted or eliminated by a shift to electrification of all motor vehicles. [OP-140]


Comment: Commenter states the estimated economic impact created by CARB’s ACC 
II Rule would be devastating for California businesses and consumers. CARB’s only 
estimates show that this regulation will reduce personal income in the state by 15 
billion as well as increase the cost of vehicle ownership by an average of just under 
6,000 per car per California Department of Finance… while the goals of CARB’s 
proposed ACC II Rule are admirable and noble, IWLA cautions against its 
implementation without sufficient consideration of its dire economic impacts. [T2-30]


Comment: This is something that all Californians can afford, not just small businesses 
but consumers.  And installing charging stations, much contrary to the prior discussion 
is – and for our business owners with – will cost hundreds of thousands of dollars. Plus, 
we tens of thousands of dollars to maintain every year. [T2-29]


Comment: Commenter states these regulations are a big step backwards for working 
families and small businesses. ACC II regulations are simply too much, too fast for 
minority owned businesses to shoulder. [T2-22].


Comment: The proposal will hurt the Central Valley communities. Families are having a 
hard enough time raising their families in California and now you plan to impose these 
new regulations in California. [T1-92]


Comment: [R]espectfully urge this Board to go back to the drawing board on ACC II to 
lessen the harm to growers already struggling in this state.  Our members operate 
small farms, a few acres and these regulations pose a real threat to the viability of 
small black farms throughout the state.  These new rules, ironically will lead to what 
some proponents purport to oppose- large agri-business. Only large, corporate 
agriculture companies can withstand these changes and survive. Smaller farms, many 
which are brown and black growers may have to sell to larger corporations or simply


64 This comment was submitted during the Second 15-Day Notice, the scope of which was solely additional 
documents relied upon being added to the record. As such, this comment is beyond the scope of the comment 
period and no response is required. Nevertheless, it is responded to here.
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shut down. Please consider farmers like myself before you adopt the rules before you 
today. [B1-18, B1-28]. 


Comment: This mandate will increase costs for vehicles and utilities, so it will ultimately 
increase the cost of food because it will be much more expensive for farmers to 
produce and transport it. Especially for small grower like myself, who travel to 
different farmers markets to sell our specialty crops.  And how do we compete against 
growers in other states or across our southern borders when they do not have to 
adhere to their CA standards and drive home-grown companies out of business or to 
another state.    CA is not an island and I hope you all consider these rules put us at a 
disadvantage to other out of state competitors. [B1-17, B1-27]


Comment: Commenter is a working parent, and is concerned that ACC II regulations 
will lead to “thousands of lost jobs and billions of dollar to the local economy- I didn’t 
make up these numbers, your own report lists these figures”, and wants more time for 
Central Valley families who “can’t afford this change and who are in danger of losing 
their livelihood.” [OP-113]


Comment: Commenter voices concern that the proposal will mean higher costs for 
working families. [OP-157, OP-162]


Comment: Banning the internal combustion engine would cause significant financial 
harm to the working men and women of the Building Trades by banning the sale of 
internal combustion engine (ICE) light-duty vehicles beginning in 2035. [OP-53]


Agency Response: CARB has not proposed or adopted a ban on ICEs. The ACC II 
regulations establish emission standards on new vehicles to which the rules apply such 
that, by model year 2035, any new vehicle sold within the State must have zero 
emissions or meet the requirements for a plug-in-hybrid electric vehicle (and 
associated low-emission standards). It does not require replacement of existing 
vehicles in use by homeowners or businesses. Under the regulations, the sale of new 
conventional vehicles remains permissible through model year 2034 and the sale of 
new PHEVs remains permissible thereafter. Beyond 2035, new PHEVs and FCEVs 
remain available options that can meet the needs for those who travel long distances 
and/or need faster refueling or do not have home or nearby charging access.


However, many ZEVs are expected to reach purchase price parity with conventional 
vehicles and have a lower TCO. Refer to the response to comment A-20 above for a 
description of the TCO analysis CARB conducted, showing that BEV owners will save a 
substantial amount of money over a ten-year period and the response to comment E-
29 above for how increased electricity demand could result in lower per unit energy 
refueling rates. To the extent that businesses purchase BEVs for their operations, 
these savings would lower their costs of producing their goods. 


For farms or agricultural communities specifically, the purchase of a BEV would lower 
their overall costs which the modeling shows would result in a small decrease in food 
prices for all consumers. The ACC II regulations do not target the agriculture industry 
specifically. To the extent that this industry or these communities rely on vehicles with 
certain attributes such as towing or long-distance travel, the increasing ZEV 
requirements will necessitate that auto manufacturers produce vehicle offerings that
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meet the needs of all consumers, which also include PHEVs and FCEVs. Used 
conventional vehicles will continue to be allowed to be operated and purchased 
beyond 2035 as well as sales of new conventional gasoline or diesel medium-duty 
vehicles. 


As described in the response to comments A-20 and E-31 above and Master Response 
1 in the Response to Comments on the Draft Environmental Analysis, significant 
investments are being made to ensure infrastructure is available to refuel and recharge 
ZEVs, including in rural, tribal, and low-income or disadvantaged areas. Additionally, 
chargers placed within rural areas will only require a 20% match share from the 
installer rather than the typical 50%. 


43. Comment: Please stop forcing Californians to buy electric cars… Stop trying to 
regulate everything and forcing this on ca residents. People are leaving the state due 
to crap like this. [OP-64]


Agency Response: CARB considered the comment that the regulations will cause 
residents to relocate outside California. There is no evidence this is a significant effect. 
Overall, the regulations will improve public health, benefit the economy, and are 
consistent with market demand for clean transportation. The ACC II ZEV regulation 
apply to manufacturers who produce new light-duty vehicles for sale in California and 
establish vehicle emission standards, and do not propose purchase requirements on 
citizens of California.


44. Comment: These [energy cost] impacts also disproportionately affect younger 
Californians including millennials (the majority of whom are minorities), as well as 
workers without college degree. [OP-122-7]


Agency Response: The ACC II rulemaking applies to automakers and new vehicles, not 
used vehicles commonly purchased by lower-income drivers. Further, conventional 
vehicles may still be sold in California through 2034, past the date when BEVs are 
projected to become cheaper to buy than conventional vehicles, and vehicle financial 
incentives are available separate from ACC II. Further, refer to the response to 
comment A-20 above for a description of the TCO analysis CARB conducted, showing 
that BEV owners will save a substantial amount of money over a ten-year period.


45. Comment: SEMA is concerned that the proposed regulations, mandating that all new 
vehicle sales in California be zero-emission starting in 2035, will have devastating 
effects on our industry and on California businesses and our state’s economy. [15-5]


Agency Response: The SRIA and updated economic analysis found that the negative 
impacts would be small and limited to only certain sectors. The economic modeling 
showed a 15% decline in output from the automotive repair and maintenance industry 
in 2040 relative to baseline output for that year; the decline stems mostly from the 
assumed reduction in regular maintenance for ZEVs relative to conventional vehicles.  
The cost of the ACC II regulations is justified by the benefit to human health, public 
welfare, and the environment. To help mitigate any job impact, policy options could 
be considered for job retraining and transfer support, particularly for lower income 
individuals. Additionally, specialty automotive aftermarket parts may continue to find a 
market with automotive enthusiasts who can maintain their existing conventional
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vehicles or purchase used conventional vehicles. Further, PHEVs will continue to be 
options for automakers which will preserve some conventional vehicles components 
that may require continued aftermarket parts. Lastly, a new market for aftermarket 
ZEV components may emerge to replace some of the demand for conventional vehicle 
components.


46. Comment: Multiple commenters opposed the Regulation due to increasing energy 
and transportation costs. [OP-112, OP-119, OP-22, OP-25, B2-7]


Comment: Attachment E (p. 5), [T]he SRIA does not address the very important impact 
that the O&G declines will have on businesses that continue to rely on ICE vehicles. 
These vehicle operators will have to travel further and pay more to cover the increased 
per-gallon cost of gasoline and diesel as the oil and gas industry phases out, which will 
raise expenses and depress bottom-line earnings. [OP-161, T2-1]


Agency Response: CARB’s analysis found that while ZEVs have higher upfront costs for 
purchasers for the first half of the ACC II program, they provide a net savings on a 
TCO basis as discussed in response to comment A-20. Over time, this leads to a 
reduction in production costs for businesses that adopt ZEVs, which will increase, not 
decrease, productivity. 


The argument that this regulation will increase the price of gasoline runs counter to 
basic economic theory, where at the market level a reduction in demand for a product 
implies a reduction in a price rather than an increase. While in the short run a 
reduction in demand may change a firm’s average cost, this does not correspond with 
a price increase, but a change in producer surplus. In the long run a lower demand 
environment may lead to exit of higher cost producers, but in either case price would 
not be expected to increase. As suggested by CARB’s response to the Department of 
Finance’s comments to the SRIA, the expectation is that if anything gasoline prices 
may decrease relative to the baseline forecast as a result of the decreased demand.


Employment Impacts


47. Comment: California is the nation’s leader in clean vehicle jobs. Adopting ACC II will 
drive clean vehicle development and manufacturing and the well-paying jobs that 
come with that. And the ACC II program will support consumer demand and jobs 
across the country, including in states like Michigan and Kentucky. [OP-142]


Agency Response: CARB appreciates the support for the ACC II program and agrees 
it will support job creation related to clean technology.


48. Comment: Commenter states that a stronger ACC II proposal will give incentives for 
job growth, particularly for unionized workers in the renewable energy field. [T1-40]


Agency Response: CARB concurs with this comment that the ACC II will benefit 
California’s economy, including specific sectors such as the electric power industry.  
Staff’s assessment of the Advanced Clean Cars II regulation on jobs reflects this 
commenter’s assertion. As noted on page 170 of the ISOR, “the electric power 
industry is one of the main industries to benefit from the regulation seeing a gain of 
about 5,600 jobs (17.5% of baseline), as ZEV purchasers spend more on electricity to
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power their vehicles.”  Staff’s assessment does not assume unionization or further 
detail on the number of jobs in this category dedicated to renewable electricity and 
regulations regarding employment in the automotive industry are not within the scope 
of the proposal regarding emission standards.  


49. Comment: Multiple commenters opposed the Regulation citing the loss of 85,000 
jobs. [OP-75, OP-25, OP-119, OP-140, OP-72, T2-11, T2-3, T2-4] 


Comment: Your own report says that we will lose a net 40,000 jobs.  And there’s no 
guarantee that other jobs generated by this policy will bring the wages, benefits, and 
security of our current building trades union jobs. [T1-25]


Comment: Commenter is concerned about the impacts to California businesses. SEMA 
member companies, many of which manufacture products compliant with CARB 
emission standards for internal combustion vehicles, have a significant presence in 
California, employing thousands of workers across the state. CARB’s impact analysis 
for the ACC II notes that job losses will be in the tens of thousands and economic 
impacts in the billions because of the mandated shift to so stated zero-emissions 
vehicles. [T2-46]


Agency Response: Following the release of the SRIA in January, updated economic 
analyses have been provided as part of the ISOR and the First 15-Day Notice, which 
found a smaller net job impact of 40,800 jobs foregone in 2040 rather than the 60,000, 
93,000, and 85,000 values the commenters cite. When evaluated in the context of the 
size of the California economy projected in 2040 this represents a change of less than -
0.2 percent. Additionally, as the California economy is forecast to grow over the 
regulatory horizon this job impact should be interpreted as a small decrease in the 
growth rate rather than loss of jobs.  With the proposed regulation in effect the 
California economy is still projected to have over 3.1 million more jobs in 2040 than in 
2021. The analysis also does not compensate for the loss in local government jobs 
resulting from reductions in gasoline tax revenues even though there are currently 
initiatives in progress to develop revenue replacements as discussed in response to 
comment E-60 below.


Specific actions to create replacement employment opportunities in other industries 
are outside the scope of this proposal to reduce emissions from vehicles. CARB notes, 
however, that the 2022-2023 State budget includes $45 million one-time General 
Fund ($15 million annually from 2022-23 through 2024-25), to restart the California 
Workforce Development Board’s Low Carbon Economy Workforce grant program. See 
Labor and Workforce Development (ca.gov), p. 127. Additionally, Governor Newsom’s 
Executive Order N-79-20 directed the Office of Planning and Research to partner with 
the Labor and Workforce Development Agency to create a Just Transition Roadmap 
to address the changes in key industries and regional economies resulting from a 
transition to carbon neutrality.


50. Comment: Multiple commenters opposed the Regulation citing general job losses in 
specific sectors such as oil and gas, biofuels, agriculture, and vehicle repair and 
service. [OP-53, OP-112, OP-174, T1-93, T1-106]



https://www.ebudget.ca.gov/2022-23/pdf/Enacted/BudgetSummary/LaborandWorkforceDevelopment.pdf
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Comment: [T]he effect that this would have on the oil and gas industry, and the 
thousands of jobs that industry currently supports, cannot be overstated. The SBCTC 
represents tens of thousands of construction workers whose jobsites happen to reside 
inside the fence-line of a refinery. CARB’s own data estimate job losses of over 60,000 
in 2030 and 93,000 jobs in 2037. There is nothing currently underway at CARB or in 
the State Legislature that would begin to mitigate the economic harm that would 
cause tens of thousands of working families who are earning middle class livelihoods 
because of this critical industry. [OP-53] 


Comment: [T]his rule will result in the loss of high-wage industry jobs, which could 
further increase the number of low-income households in California. A 2019 report 
found that the oil and gas industry supports nearly 366,000 jobs in California and paid 
workers $26 billion in wages.32 Additionally, in rural areas like Modoc County, the oil 
and gas industry contributed $2.5 million in labor income to the local economy. [OP-
121, OP-122-28]


Comment: Given the myriad other regulations and barriers to business investment in 
this state, ZEV component manufacturing is not siting or growing in our state.  There 
will be little to no replacement “green jobs” to account for this significant economic 
loss. [OP-119]


Agency Response: As detailed in the SRIA and ISOR, staff estimated the direct 
reduction in gasoline sales resulting from the ACC II regulations as well as the indirect 
employment and output impacts on upstream industries supply the gasoline.65 The 
final analysis found that for the petroleum manufacturing industry, the regulation is 
estimated to result in about 1,400 jobs foregone and $14.7 billion in reduced output 
by 2040 relative to the baseline, or 13% decrease in both cases. The oil and gas 
extraction industry in California is also estimated to be impacted by the reduced sales, 
with a projected 919 jobs foregone and $1.4 billion in reduced output in 2040 relative 
to the baseline, or 7.5% decrease in both cases.


As discussed in the SRIA, the proposed regulation is expected to ultimately result in an 
increase in spending directed towards the auto manufacturing industry and the 
upstream ZEV supply chain industry due to the incremental cost of ZEVs being passed 
through to purchasers. Workers at the one typical vehicle manufacturer in California, 
Tesla, are not expected to be negatively impacted, as the business already produces 
only ZEVs and may benefit from the value of the ZEV credits generated under the 
proposed regulation. Similarly, ZEV startups in California may benefit as well. An 
analysis of the impacts to the auto manufacturing industry outside of California was 
not performed and is not required, though the large increase in spending for vehicles 
could result in growth of the industry.


65 CARB also recognizes, as shown in its baseline analysis, that the industry overall will be producing more ZEVs. 
This increasing trend will result in environmental, fiscal, and economic changes similar to (but perhaps to a 
lesser degree than) those CARB analyzed for the ACC II regulations, even in the absence of the ACC II 
regulations.
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The updated economic analyses have found that, while there will initially be a slowing 
of growth in construction jobs, by the end of the regulatory horizon the growth in the 
industry slightly accelerates. Given, the growth forecasted in the construction sector, 
there is still estimated to be about 66,000 more jobs in construction in 2040 than in 
2021 with the proposed regulation in effect. 


The updated economic analysis provided made available with the First 15-Day Notice 
estimated about 33,300 jobs foregone in the automotive maintenance and repair 
industry by 2040 under the ACC II regulations. It is important to note these estimates 
of foregone jobs represent a structural shift for these industries that directly 
corresponds to substantial benefits to ZEV owners from much lower operational, 
maintenance, and repair costs of their vehicles. To help mitigate this job impact, policy 
options could be considered for job retraining and transfer support, particularly for 
lower-income individuals. Additionally, the ZEV assurance measures within the ACC II 
regulations will also increase the opportunity for independent repair shops to 
participate in the servicing and repair of ZEVs which could offset some of the job 
losses estimated in this sector. 


The available data does not support reliable quantitative estimates for the impact to 
farm jobs resulting from the regulation. However, in general because this industry is 
not directly impacted by the ACC II regulations, its impacts would be similar to other 
industries that are indirectly impacted. In these cases, business that adopt ZEVs realize 
significant cost savings on the basis of total cost of ownership. These savings would 
lower businesses’ production cost and contribute to increased productivity and lead to 
growth over time.


51. Comment: CARB estimates that the ACC II regulatory proposal will reduce 
employment by 60,084 jobs in 2030, 86,929 in 2034, and 93,117 jobs by 2038. CARB 
attributes the employment losses to the impact of higher ZEV prices on consumer 
spending on other goods and services in California’s economy, as well as the reduction 
in state and local revenues on employment in the public sector.


We believe that the job losses, though significant, are understated, in that they fail to 
consider the likely impact of an ICE ban on California’s petroleum industry. CARB’s 
estimate shows only a 1,536 decline in jobs related to the petroleum refining industry 
by 2040, a reduction of about 15 percent from current levels. Absent a shift in refining 
activities to hydrogen or biofuels, we would expect a rapid phase-out of gasoline-
powered vehicles to due to lower demand, resulting in a rise in unit costs of 
production and forcing more rapid consolidations and more job losses in the refinery 
industry. Reductions in this industry would have major consequences for the broader 
economy due to the hundreds of millions of dollars spent by refineries each year for 
major maintenance and modernization investments. Consolidations in the refinery 
industry will affect multiple thousands of workers employed in supplying industries. 
These include construction workers and electricians, many of them in trade unions, 
working on refinery turnaround projects. The losses in petroleum and construction 
industries are of particular importance because of their negative impacts on job
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opportunities that are so important to upward mobility of workers in this state with 
high-school diplomas and technical training. [OP-161 Attachment F (p. 8-9)66]


Agency Response: The commenter provides their opinion that the impacts to jobs in 
the petroleum refining industry are understated and their assumptions about what 
they expect to occur, but does not provide specific comments about what 
assumptions or inputs into the economic impact modeling should differ from that used 
in staff’s analysis. As detailed in the SRIA, the estimated reduction in petroleum 
demand, as well as changes in demand and cost for all other industry, are input into an 
economy-wide economic impact model (REMI PI+), which systematically accounts for 
the market interactions the commenter describes, in order to project the impact of the 
prosed regulation. Overall, the updated economic analysis provided in the 15-day 
changes and FSOR describe CARB’s final analysis of the total economic impact of the 
proposed regulation on the California economy and no changes are found to be 
necessary based on this comment.


52. Comment: For this transition to benefit auto workers, the entire supply chain, from the 
gathering of minerals needed to power batteries to the manufacturing of the battery 
and other parts to final assembly, must support the creation and preservation of good 
union jobs. [OP-93]


Comment: To lead the future, electric vehicles and other green technologies must be 
harnessed to create good U.S. union jobs where workers have a voice on the job. It is 
important to ensure all manufacturing workers can join a union free from intimidation 
by employers seeking to maintain the status quo. Jobs building cleaner vehicles must 
pay family and community-sustaining wages and provide benefits that workers can 
count on to care for themselves and their loved ones. [OP-93]


Comment: The UAW supports a coordinated industrial policy centered on maintaining 
and growing high-quality jobs in U.S. manufacturing while combating climate change 
and advancing equity. [OP-93]


Comment: The shift to Evs cannot come at the expense of good wages and benefits 
and it is critical that we do not leave workers behind as the industry transitions to 
electrification. [OP-93]


Comment: There is nothing in these rules that create new jobs and you can bet these 
jobs are going to be blue collar ones.   People want a higher minimum wage and I 
support those efforts but what good is a higher wage if the job is eliminated.  There 
should not be any changed until there is a way to keep or grow the jobs, especially 
here in the Central Valley. [OP-72]


66 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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Comment: Please work closely with the Unions to help them reframe the automation 
and electrification discussion so that we are not pitting the economy against the 
environment. We must and can assure good paying jobs with this transition if it is done 
intelligently. What good is a job if there is no health? How can we protect our public 
and children so that they can breathe? Commitments can be made by all parties so 
that lower and middle income families and individuals prosper versus suffer.  [OP-44]


Agency Response: The Advanced Clean Cars II regulations apply to new light-duty 
vehicle manufacturers and do not control the labor policies of those manufacturers. 
Specific actions to create replacement employment opportunities or secure certain 
wages for workers producing ZEVs are outside the scope of this proposal to reduce 
emissions from vehicles. CARB notes, however, that the 2022-2023 State budget 
includes $45 million one-time General Fund ($15 million annually from 2022-23 
through 2024-25), to restart the California Workforce Development Board’s Low 
Carbon Economy Workforce grant program. See Labor and Workforce Development 
(ca.gov), p. 127.


53. Comment: We are concerned that CARB does not – has considered the impact of 
transitioning the transportation sector. By way of example, the EO calls for a transition 
roadmap to be adopted by a labor workforce development agency by July of 2021. 
This has not happened. We understood that this would require a group effort.  By 
pushing forward CARB risks significant impacts to our most vulnerable populations.  
[T1-10, pp. 108:18-25]


Comment: CARB should work with the Labor and Workforce Development Agency as 
well as other agencies, community groups, and labor partners to expand high quality 
job opportunities for communities of color and low-income communities. [OP-160]


Agency Response: Job transition support is important, and California is making it a 
priority separate from the CARB ACC II rulemaking.  The Governor’s Office of Business 
and Economic Development (GoBiz) created the ZEV Market Development Strategy, 
in consultation with numerous State agencies.67 This strategy includes four pillars, one 
of which is Economic Development and Jobs. Additionally, the 2022-2023 State 
budget includes $45 million one-time General Fund ($15 million annually from 2022-23 
through 2024-25), to restart the California Workforce Development Board’s Low 
Carbon Economy Workforce grant program. See Labor and Workforce Development 
(ca.gov), p. 127.


67 California Governor’s Office of Business and Economic Development, California Zero-Emission Vehicle Market 
Development Strategy (Feb. 2021) https://static.business.ca.gov/wp-
content/uploads/2021/02/ZEV_Strategy_Feb2021.pdf. 



https://www.ebudget.ca.gov/2022-23/pdf/Enacted/BudgetSummary/LaborandWorkforceDevelopment.pdf

https://www.ebudget.ca.gov/2022-23/pdf/Enacted/BudgetSummary/LaborandWorkforceDevelopment.pdf

https://www.ebudget.ca.gov/2022-23/pdf/Enacted/BudgetSummary/LaborandWorkforceDevelopment.pdf

https://www.ebudget.ca.gov/2022-23/pdf/Enacted/BudgetSummary/LaborandWorkforceDevelopment.pdf

https://static.business.ca.gov/wp-content/uploads/2021/02/ZEV_Strategy_Feb2021.pdf

https://static.business.ca.gov/wp-content/uploads/2021/02/ZEV_Strategy_Feb2021.pdf
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Impacts to Businesses


54. Comment: Multiple commenters requested delays in the phase-in schedule for ZEVs to 
reduce the economic impacts especially to small or small minority-owned businesses. 
[OP-31, OP-112, T1-83, T1-95, T1-96, T1-104, B1-14, T2-3, T2-11, T2-4, T2-51]


Comment: Commenter does not support the proposal because fleet vehicle owners 
will have to change out their existing vehicles to ZEVs by 2035 [T1-101, T1-105]


Comment: Commenter recommends the Board consider giving OEMs more time to 
produce lower-priced delivery vehicles in support of small business owners who have 
fleets and cannot afford to swap those vehicles out for ZEVs within the timeframe of 
the proposal [T1-100].


Comment: For my company to go all electric would put a heavy burden on my 
company.  I do think we need to do something about the climate but I also think that 
the CARB Board is being to aggressive. To the point of affecting all businesses and the 
consumer. My feeling is that the board is putting the cart before the horse. You would 
like us to be all electric by 2035 2040. [OP-42]


Comment: Although I drive an electric vehicle, I am opposed to forcing businesses to 
switch to electric vehicles so quickly. It can only encourage more businesses to move 
out of California and cost thousands of jobs. [OP-32]


Comment: Commenter is a small business owner with a fleet of five vehicles. 
Commenter says replacing those vehicles with ZEVs – with or without incentives – 
would be burdensome and likely drive him out of business. For this reason, the 
commenter believes the proposal is too extreme. [T1-81, OP-42]


Comment: Commenter recommends the Board consider giving OEMs more time to 
produce lower-priced delivery vehicles in support of small business owners who have 
fleets and cannot afford to swap those vehicles out for ZEVs within the timeframe of 
the proposal. [T1-100]


Agency Response: The ACC II regulations apply to manufacturers who deliver for sale 
light- and medium-duty vehicles in California. This is not a requirement on fleets to 
purchase these vehicles, nor a requirement to replace existing vehicles. The ACC II 
regulations require production of cleaner vehicles that are expected to reach purchase 
price parity with conventional vehicles and that have a lower TCO. Refer to the 
response to comment A-20 above for a description of the TCO analysis CARB 
conducted, showing that BEV owners will save a substantial amount of money over a 
ten-year period. This applies to businesses that own and operate vehicles as well, 
which in turn would be expected to lower the production costs for industries that use 
light-duty vehicles. Overall, the ACC II regulations are not estimated to have a 
significant impact on the overall California economy. See FSOR App. F, Updated Costs 
and Benefits Analysis, pp. 19-22; response to comment C-24, above; Form 399 
Attachment, Proposed Amendments to the Low-Emission, Zero-Emission, and 
Associated Vehicle Regulations (ACC II regulations), pp. 10-1 4, 41-43, and 57-58; 
SRIA, pp. 101-102. Accordingly, the Executive Officer determined that the proposed 
regulatory action would not have a significant statewide adverse economic impact
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directly affecting businesses, including the ability of California businesses to compete 
with businesses in other state, or on representative private persons.


Furthermore, the regulations do not require solely battery electric vehicle sales and 
allows for new plug-in hybrids vehicles (which use gasoline) and fuel cell electric 
vehicles (which use hydrogen) to be sold throughout the regulation period and 
beyond 2035. These additional technology types may be better suited for consumers 
with limited access to charging infrastructure or whose driving patterns require long 
travel distances and fast refueling.


As discussed in the ISOR beginning at page 180, CARB evaluated an alternative that 
would delay the requirement for 100% ZEVs and only require 70% ZEVs by 2035 
(Alternative 1). Although Alternative 1 would have reduced employment impacts, the 
alternative was rejected because it failed to maximize the number of ZEVs deployed, 
and does not maximize NOx, PM2.5, and GHG reductions. The benefit to cost ratio for 
this alternative is better, however, it gets less emission benefits than the proposal. It 
does not maximize NOx and PM2.5 emission reductions from the transportation sector 
which are necessary to meet SIP attainment goals. Alternative 1 also does not reduce 
GHG emissions, failing to meet the goals of the regulations. ZEVs are expected to 
reach purchase price parity with conventional vehicles during the time of the 
regulations and have lower total costs of ownership. The record does not support the 
need for delaying the requirements.


55. Comment: [A]s electric vehicles increase, this will result in a significant reduction in the 
demand for vehicle fuels that gas stations sell, causing many to shut down. This will 
result in fewer gas fueling stations for owners of traditional vehicles, who are more 
likely to be low-income, and will cause such vehicle owners to drive farther in order to 
find fuel. Boston Consulting Group has estimated that if electric vehicles take off 
rapidly, this could render as much as 80% of the fuel retail market unprofitable by 
2035. If demand for gasoline completely disappeared, many of the more than 100,000 
gas stations through the nation would be at risk of going out of business. Importantly, 
these gas stations will not be able to compete by simply installing electric vehicle 
charging stations, as such stations can be installed in the parking lots of practically any 
business. [OP-121, OP-122-24]


Comment: CARB does not consider any competitive impacts to oil and gas production 
and refinery businesses in the state, nor to any of the numerous other businesses 
related to the petroleum industry (e.g., storage terminals, asphalt production, 
lubricants, and others). In assessing competitive advantage or disadvantage in its SRIA, 
CARB considers only the potential advantage to certain vehicle manufacturers as a 
result of already producing ZEVs. This analysis completely overlooks the blatant 
“thumb on the scale” that ACC II will place in favor of the electricity sector as 
compared to oil and gas producers and refineries by forcing electrification of the 
transportation sector.  This analysis also overlooks potential competitive 
disadvantages to California businesses as compared to businesses in other states. [OP-
161-50]


Comment: CARB provides no or only superficial consideration of competitive impacts 
to oil and gas production and refinery businesses in the state and the numerous other
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businesses related to the petroleum industry (e.g., retail stations, auto maintenance 
shops, auto parts stores, storage terminals, asphalt production, petrochemicals, 
lubrication facilities, and others), and it fails to consider impacts on renewable fuels 
industries such as ethanol, biodiesel, and renewable diesel production. In assessing 
competitive advantage or disadvantage in its SRIA, CARB considers only the potential 
advantage to certain vehicle manufacturers as a result of already producing ZEVs.17 
This analysis completely overlooks the blatant “thumb on the scale” that ACC II will 
place in favor of the electricity sector as compared to oil and gas producers and 
refineries by accelerating electrification of the transportation sector. This analysis also 
overlooks potential competitive disadvantages to California businesses as compared 
to businesses in other states. [OP-141-31]


Agency Response: CARB considered these comments that the SRIA and economic 
analyses did not fully evaluate the impacts to the oil and gas sector and disagrees with 
these comments. The SRIA fully analyzed the impacts to this sector in terms of 
employment and sales and CARB completed an updated analysis reflecting the final 
regulations68. The competitive advantage analysis focused correctly on the directly 
affected industry – auto manufacturing – whose overall methodology the Department 
of Finance reviewed and with which they concurred. 


Staff assume the gasoline production and distribution industries will scale down 
proportionally to the decline in gasoline demand from the passenger vehicle fleet. But 
staff do not expect the industries and jobs to be eliminated, and fuel retail outlets may 
remain operational but expand fuel options to hydrogen and electric DC fast charging; 
these outlets will continue to be able to offer other products and services to drivers, 
such as convenience foods, that tend to be their profit centers. As the commenter 
notes, charging facilities require space, among other things such as convenient road 
access and electrical power, which gasoline stations have. Contrary to the comment, 
they may be well positioned to compete for charging use or leverage their locations 
for higher uses. Further, in today’s market, it is common to have redundancy in 
gasoline station supply as shown by the frequency with which there are several 
stations in close proximity. Considering this, there could be minimal impact to the 
market if there are fewer retail pumps. While not discussed specifically in the 
Competitiveness section in the SRIA, the macroeconomic analysis does consider the 
general impacts the commenter describes as it relates to the impact of reduced 
gasoline demand and increased electricity demand (see FSOR Appendix F). The 
indirect economic effects to other industries related to changes in demand for 
gasoline and electricity are also accounted for as part of the macroeconomic analysis, 
which uses an economy-wide model to consider all of these types of indirect effects. 
See preceding response to comment E-54 for a response to comments about the 
effects of the ACC II regulations on businesses.


68 California Air Resources Board. 2022. ACC 2 REMI Results Proposal 15-day July. CARB 2022hhh, First 15-Day 
Notice.
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Further, as noted in the response to comment B-5 above, the ACC II regulations are 
technology-neutral performance standards and hydrogen remains as a compliance 
path that can potentially expand the industrial gas sector.


56. Comment: The Board received comments asking for CARB to mitigate the damage the 
regulations will have on businesses, including small businesses, and Californians. [OP-
141, T1-98, T2-11, T2-22] 


Comment: Commenter asks how businesses can be helped and kept out of bankruptcy 
as a result of the proposed regulation [T1-101]


Agency Response: Businesses and individuals who adopt ZEVs will realize significant 
cost savings on the basis of total cost of ownership. These savings would lower 
businesses’ production cost and contribute to increased productivity and lead to 
growth over time. Refer to the response to comment A-20 above for further details on 
the TCO analysis CARB conducted. See also response to comments E-50 and E-54, 
above.


57. Comment: CARB’s ACC II regulations are a misguided, rushed attempt to oversimplify 
a solution, and do not consider impacts outside of California’s large cities. We do not 
currently have the infrastructure nor is our industry set up to support this rapid shift. 
We rely on workers who get to and from work in their own gas-powered cars and 
trucks.  2035 is right around the corner and mass transit and a middling charging 
infrastructure is not going to work and is going to cause real economic pain for 
growers and farmworkers alike. [B1-16, B1-24]


Comment: Finally, California businesses will face indirect customer-related effects from 
the proposed ACC II regulation. For example, higher costs for ZEVs will leave less 
room in household’s budgets for purchases of other goods and services supplied by 
businesses. Those businesses operating in the Central Valley, Southern California and 
other regions significantly impacted by the phase-out of the O&G industry will face 
reduced demand for their product and services due to higher unemployment and 
weaker economic conditions. Retail businesses in all regions will face increased 
pressure to install chargers in parking lots and garages – at a significant cost – to 
attract and retain customers that are ZEV owners without access to overnight charging 
at home and thus in need of shared charging. While these costs could presumably be 
recovered through charging fees, the up-front investments may prove challenging to 
businesses without access to adequate cash-flows or credit to cover the up-front 
investment. [OP-161 Attachment E (p. 7)69]


Agency Response: CARB did not propose or adopt a phase-out of the oil and gas 
industry, nor will ACC II result in such a phase out. The ACC II rulemaking applies to


69 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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automakers and new vehicles, not existing vehicles in use by homeowners or 
businesses. Further, conventional vehicles are still an option up through 2034, past the 
date when BEVs are projected to become cheaper to buy than conventional vehicles. 
Further, refer to the response to comment A-20 above for details on the TCO analysis 
CARB conducted which found that the regulations will result in net savings overall 
which households can spend throughout the economy. The record does not support 
the assertion that businesses will be required to install charging infrastructure. If a 
business decides to do so, it will be upon the determination that doing so will result in 
a positive return on investment like any other decision to improve its facilities. 
Additionally, as noted in the response to comment A-20 above, several billion dollars 
in funding is available from the State and federal governments to supplement private 
investments to install charging infrastructure throughout California. See also response 
to comment E-54, above, regarding impacts on businesses.


58. Comment: ACC II will have disparate impacts on small businesses. The impacts shown 
in Figure 2 will have different effects on small businesses throughout the state. Clearly, 
businesses with large vehicle fleets and significant travel requirements will be hit hard 
by the regulation. But other businesses will also bear disproportionate impacts. For 
example, businesses located in hot inland regions will be hit harder by rising electricity 
rates stemming from the regulation because of their higher electricity requirements for 
air conditioning and refrigeration as compared to their counterparts located on the 
coast. Also, contractors located in rural areas that purchase ZEVs – especially those 
needing to travel long distances – will face greater challenges than their urban 
counterparts in finding shared charging stations, especially during the transition period 
when the charging network has yet to be built out. Similarly, rural businesses that 
retain ICE vehicles and need to travel long distances will be hit particularly hard by 
rising gasoline costs and fewer fueling stations as petroleum supplies phase out. [OP-
161, Attachment E (p. 3)70]


Comment: Low-income rural areas will be particularly negatively impacted, as these 
areas are places where people already are more likely to drive longer distances in 
general, and these places also likely to already have fewer gas stations when 
compared to urban areas. [OP-122-26]


Agency Response: The ACC II rulemaking applies to automakers and new vehicles, not 
existing vehicles in use by homeowners or businesses. Further, conventional vehicles 
are still an option up through 2034, past the date when BEVs are projected to become 
cheaper to buy than conventional vehicles. Refer to the response to comment A-20 
above for details on the TCO analysis CARB conducted. See also response to 
comment E-54, above, regarding impacts on businesses. Drivers in rural areas may


70 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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have access to home chargers for the majority of their charging needs, but with longer 
range BEVs entering the market, sufficient range should exist to reach public fast 
charging for longer distance travel if home charging is not available or insufficient. As 
noted in the response to comment A-20 above and Master Response 1 in the 
Response to Comments on the Draft Environmental Analysis, several billion dollars in 
funding is available from the State and federal governments to invest in charging 
infrastructure throughout California, with a priority on disadvantaged communities. 
Further, from 2035 onward, PHEVs will still be an option along with FCEVs, both of 
which provide different fueling options compared to BEVs depending on a drivers 
access to electric charging.


59. Comment: Businesses that are unable (or unwilling) to incur the higher costs and lost 
productivity for ZEVs can purchase ICE vehicles through the 2026-to-2035 transition 
period, and all car owners can continue to drive light-duty vehicles after 2035, either 
by holding onto existing vehicles or purchasing ICE vehicles on the used-car market, 
Businesses that continue to use ICE vehicles will avoid costs associated with 
purchasing ZEVs. However, they will still face higher costs associated with continued 
purchases and operation of ICE vehicles under the ACC II regulation. 


A relatively small portion of these higher costs are directly related to the ACC II 
regulatory proposal provisions focused on reducing emissions from ICE vehicles sold 
during the transition period. According to CARB calculations, these provisions will 
increase per-vehicle costs by $80 for light duty vehicles, and $660 for medium and 
heavy-duty vehicles sold in 2026. 


However, the much larger impact relates to the phase-out of petroleum fuels and ICE 
vehicles that will result from the government-mandated shift to an all-ZEV market. 
According to Stillwater Associates (a transportation fuels consulting firm), the ACC II 
regulation will reduce gasoline sales by 66 percent by 2035, and by 90 percent by 
2050. Stillwater also projects that diesel sales will fall by 34 percent by 2035 and by 60 
percent by 2050. Declines of this magnitude will likely result in a major consolidation, 
and perhaps the entire elimination, of the petroleum refining industry in California, as 
well as an over 50 percent decline in retail fueling stations by 2035, and an 80 percent 
decline in fueling stations by 2050. Per-gallon petroleum fuel costs will rise, as the 
fixed costs related to the distribution and sales of gasoline are spread over fewer and 
fewer customers. [OP-161, Attachment E (p. 5)71, T2-1]


Agency Response: CARB’s analysis found that while ZEVs have higher upfront costs for 
purchasers, they provide a net savings on a TCO basis. Over time, this leads to a 
reduction in production costs for businesses that adopt ZEVs, which will increase, not


71 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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decrease, productivity. They are also expected to reach purchase price parity during 
the time of the regulation. 


The impacts on the oil and gas industry and downstream industries are analyzed in the 
SRIA and are estimated to see declines corresponding with the reduced demand for 
gasoline and diesel fuel. The commenter’s characterization as this resulting in major 
consolidation or elimination of the industry within the regulatory horizon is speculative 
and not supported by CARB’s analysis, which found the impact to the refinery industry 
to be a decline in output of about 13% relative to the baseline. See also response to 
comment E-54, above, regarding impacts on businesses.


Gas Tax Revenue Impacts


60. Comment: [ACC II] will prove devastating for the gasoline tax revenue stream 
dedicated to improving and maintaining California’s infrastructure and replenishing 
the general fund. [OP-53]


Comment: CARB has provided no blueprint for recouping lost revenue to maintain our 
highway transportation infrastructure, which is currently generated by vehicle fuel 
taxes. We believe it is irresponsible to create such a budget shortfall without having a 
plan to replace those lost revenues, the loss of over $15 billion for critical road 
infrastructure.  It would result in more potholes, more decaying bridges and 
overpasses, and more traffic safety concerns leading to more vehicle damage and 
more crashes. [T1-94]


Comment: If this regulation passes, in the 13 years when it takes effect, the state
will have a decrease in gas tax revenue that will likely lead to two uncertain outcomes. 
First, an increase in the gas tax therefore further burdening low-income family as most 
can’t afford an EV alternative or second, another tax to compensate for the lost 
revenue. [OP-164]


Comment: Commenter does not support the proposal because it will hurt and drive 
businesses out of California, reduce gas tax revenue that helps maintain our roadway 
infrastructure, and affect residents of the state who cannot afford ZEVs [T1-83].


Comment: The ACC II regulations only risk accelerating this contraction, depriving 
Californians of safe roads and highways and our members of middle-class jobs 
building and improving the state’s infrastructure. [OP-53]


Comment: The reduction in gasoline and diesel sales will also result in a major decline 
in excise and sales taxes, which are major funding sources for California’s 
transportation infrastructure. According to the CARB SRIA, total losses in excise and 
sales tax revenues on gasoline and diesel will be $41 billion over the 2026 through 
2040 period, which will be only partially offset by $12 billion in new revenues from the 
$100 road improvement fee levied on ZEVs. 


While the SRIA acknowledges the reduction in excise and sales taxes available for 
transportation infrastructure, it does not address the consequences of such a 
reduction, which would be severe. Absent the replacement of the gasoline excise tax 
with an alternative statewide funding source, the decline in gasoline sales will result in
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less maintenance, fewer road expansions, and fewer road improvements – all of which 
will lead to more traffic, longer travel times, faster vehicle depreciation, and, 
ultimately, reduced business productivity and earnings in the state. [OP-161 
Attachment E (p. 6)72]


Comment: The economic analysis estimates that state gasoline excise tax revenues will 
decrease by a cumulative $17.7 billion from 2026 through 2040, while the State 
Highway System (SHS) is already facing a significant funding gap. The 2021 State 
Highway System Management Plan has identified 10-year unmet funding needs of 
$61.9 billion to maintain the existing assets on the SHS, expand the bicycle and 
pedestrian infrastructure, mitigate for potential sea level rise, and remove 
transportation induced fish passage barriers. While offsetting revenue increases are 
identified in the economic analysis, revenues from vehicle registration and license fees, 
the energy resource fee, and vehicle sales tax are not dedicated to transportation 
infrastructure. 


The economic analysis further estimates a $13.3 billion reduction in excise tax 
revenues for cities and counties, while local governments are similarly facing a 
significant transportation funding shortfall. California’s 2020 Statewide Local Streets 
and Roads Needs Assessment identified $64 billion in unmet needs for maintaining 
local street and road infrastructure in a state of good repair over the next decade. This 
significant funding gap includes a $37.6 billion in unfunded needs for pavement 
maintenance and rehabilitation; $22.1 billion in unfunded needs for existing essential 
street components, such as curb ramps, sidewalks, storm drains, streetlights, and 
traffic signals; and $4.3 billion in unmet needs for repairing or replacing deficient local 
bridges. These estimates do not include the cost of making safety improvements, 
including new active transportation infrastructure. 


While the economic analysis indicates that the state’s revenue losses will be partially 
offset by increased registration and vehicle license fee revenues and, to a smaller 
extent, increased vehicle sales tax revenues, the analysis appears to ignore that 1) all 
vehicle license fee revenues after administrative costs are dedicated to local 
government public safety services, and 2) a significant portion of the revenue from the 
transportation improvement fee established by Senate Bill 1, statutes of 2017, chapter 
5, which is charged upon registration for both ZEV and non-ZEV vehicles, is allocated 
to local transit, rail and multimodal corridor grants, as well as both state highway and 
local street and road maintenance and improvements. Accordingly, the economic 
analysis significantly understates the state revenue impact of the proposed rule. [15-
29].


72 CARB notes that the commenter did not explain in its comments how this discussion in the attachment to its 
comments was related to its comment, and that the attachment states it was prepared in response to a request 
for an analysis of the ACC II proposal. Because the commenter did not cite this discussion, it is not clear if this 
was intended to be a comment on the regulations. Nevertheless, CARB responded in the interests of public 
participation.
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Comment: Commenter states “[B]usinesses will not be the only entities the Proposed 
Regulation negatively affects—state and local government will suffer as well. At a time 
when California will need to be investing more heavily in public transportation 
infrastructure to support those who cannot afford ZEVs, the Proposed Regulation will 
devastate a primary source of state and local public transportation funding in the 
state. In California, gasoline taxes include a 51.1 cents per gallon state excise tax, as 
well as a state and local sales tax that averages 3.7% across California.7 CARB rightly 
observes that ‘[d]isplacing gasoline with electricity will decrease the amount of 
gasoline dispensed,’ thereby ‘resulting in a reduction in tax revenue collected by’ state 
and local governments. For state governments, CARB estimates that the Proposed 
Regulation will cause ‘an increase of $193.3 million over the first three years of the 
regulation and a cumulative decrease of $851.2 million over the regulatory horizon.’ 
Similarly, CARB estimates the total fiscal impact of the Proposed Regulation to local 
government will be ‘a decrease of $60.4 million over the first three years of the 
regulation and a cumulative decrease of $14.52 billion over the regulatory horizon.’ 
Before enacting the Proposed Regulation, California must secure replacements for this 
decimated funding. [OP-141-29]


Comment: The proposed regulations would establish a significant reduction in 
transportation infrastructure funding. And additionally, the reduction of this funding 
would result in terminating thousands of middle-class construction careers. We urge 
the Board to continue to work on identifying revenue sources that will replace the loss 
of existing transportation funding sources…. [T2-38]


Comment: Commenter states the proposed rulemaking will have drastic negative 
impacts to transportation funding and the State's ability to build, repair, and maintain 
our multi-modal transportation system. [T2-56]


Comment: We believe that CARB's economic analysis of the proposed rule 
underestimates the impacts to State and local transportation funding, which already 
quantifies a cumulative reduction in fuel excise tax revenues to the States and locals to 
the tune of 31.1 billion between 2026 and 2024. California's fuel excise tax revenue is 
allocated nearly exclusively to maintaining and improving local streets, and roads, and 
State highways, including active transportation improvements, sidewalks, bike lanes, et 
cetera. And these needs will continue to be acute even with a fleet increasingly 
compromised of zero emission vehicles. The State highway system is already facing a 
significant funding gap.  The most recent analysis of the States highway system 
management plan identified a 10-year unmet funding need of $61.9 billion.  That 
includes expansion needs to equip the State highway system, where appropriate, with 
bicycle and pedestrian infrastructure, mitigation for potential sea level rise, et cetera. 
Similarly, local governments are facing significant transportation funding shortfalls. The 
most recent assessment of that system identified 64 billion in unmet needs. And I'd 
like to point out that it is where the local system primarily facilitates active 
transportation and transit modes of transportation. So those needs in that system is a 
critical component for transportation going forward.  While offsetting revenue 
increases are identified in the economic analysis from vehicle registration and license 
fees and energy resource fee and vehicle sales tax, these funding streams are not 
dedicated to transportation infrastructure, so therefore don't actually offset some of
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the losses anticipated by the regulation.  I know I'm running short on time, so let me 
close by saying we are supportive of the State's efforts today, but urge CARB to take a 
leadership role in helping the State of California develop a workable, realistic, and 
implementable plan to replace the gas tax with an alternative mechanism. [T2-56]


Agency Response: CARB considered these comments objecting to the Advanced 
Clean Cars II regulation on the basis of the expected losses in fuel tax revenues, and 
such revenue loss was included in CARB’s analysis. Even so, the updated analysis 
described on page 22 of Appendix F to the FSOR shows that the ACC II regulations 
will deliver a cumulative net benefit of $91.1 billion to California from 2026 to 2040. As 
discussed in the ISOR, p. 169, this foregone revenue, which supports important 
programs in the State, may eventually be replaced by revenue from other sources or 
changes in how electricity for transportation is taxed, in which case negative job 
impacts to State and local government would be diminished. There is no certainty that 
fuel tax rates will increase and burden lower-income households. Currently, Senate Bill 
1, statutes of 2017, chapter 5, places an additional registration fee on electric vehicles, 
including FCEVs, to partially compensate for their avoided fuel taxes. The Legislature 
has the responsibility for managing the State’s budget, including the funding of road 
maintenance, imposing taxes which are outside of CARB’s authority, and is exploring 
options for revenue replacement. Senate Bill 1077 (Stats. 2014, ch. 835) recognized 
that “[t]he gas tax is an ineffective mechanism for meeting California’s long-term 
revenue needs because it will steadily generate less revenue as cars become more fuel 
efficient and alternative sources of fuel are identified” and created a Road Usage 
Charge (RUC) Technical Advisory Committee to study alternatives to the current gas 
tax and advise the California State Transportation Agency's pilot program on a road 
usage charge.73 The RUC Committee continues to meet quarterly to guide research 
activities around pricing as a revenue-replacement strategy. Senate Bill 339 (Stats. 
2021, ch. 308) charges the committee with developing a pilot program that charges a 
mileage-based fee based on the fuel efficiency of vehicles and consider ways for 
assessing the charge equitably for low-income commuters. See also response to 
comment E-54, above, regarding impacts on businesses. 


61. Comment: [T]he loss of public funds by way of gas taxes is not factored into the 
economic analysis and should be. [OP-161-52, p. A-3.]


Comment: CARB should consider the costs of additional road maintenance and loss of 
revenue from fuel sales into a techno-economic feasibility and cost-effectiveness 
assessment. [OP-161-87]


Agency Response: CARB disagrees with the commenter that the economic analysis did 
not incorporate the loss of gas tax revenues. As discussed in the ISOR, p. 169, the 
decrease in gasoline sales is estimated to significantly reduce fuel tax revenue at the 
State and local level. This reduces government spending, leading to about 21,200 jobs


73 California Road Charge Pilot Program 2017 Final Report, http://caroadcharge.com/media/htbpngos/rcpp-
final-report-a11y.pdf (accessed October 7, 2022).



http://caroadcharge.com/media/htbpngos/rcpp-final-report-a11y.pdf

http://caroadcharge.com/media/htbpngos/rcpp-final-report-a11y.pdf
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foregone (0.9% of baseline) in 2040 in State and local government employment as a 
result of ACC II if revenue decreases are not offset. Commensurately, the change in 
output for State and local governments is a decrease of less than 0.2% in 2030 and 
less than 1% in 2040. (See also Final Economic Impact Statement, Form 399 
Attachment, p. 65.). These job impact estimates are results of the macroeconomic 
modeling, which is based on how the average dollar is spent in State and local 
governments in California. The majority of which is spent directly on government 
employment, while a significant share is spent on construction. 


Economic Analysis


62. Comment: Figure 30 in the ISOR, reproduced below, shows staff’s updated estimate 
of ZEV baseline (business-as-usual) ZEV sales as compared to the baseline used in the 
SRIA. Staff updated the baseline by applying the ZEV sales increase assumed in the 
recently adopted USEPA standards to California baseline sales, beginning in MY 2022. 
Although applying the United States EPA rate of increase is reasonable, the baseline 
ZEV sales trajectory shown above clearly understates actual MY 2021 California ZEV 
sales and very likely understates MY 2022 sales. NRDC suggests that a more 
appropriate trajectory would start with actual MY 2021 ZEV sales (a known quantity) 
and apply the United States EPA growth rate from there. That results in the trajectory 
shown in Figure 19 and Table 8 below. Increasing the baseline would reduce both the 
incremental cost and the emission benefits of the ACC II rule, because fewer 
additional ZEVs would be needed to comply. But it would not change the fundamental 
rationale for adoption. [OP-99]


Agency Response: The commenter requested that CARB model expected ZEV sales 
from the perspective of current sales rather than current requirements and reflect the 
results in its analysis, although conceded the changes would not have a significant 
impact. Staff relied on the EMFAC2021 model for current and future year projections 
of California light-duty vehicle sales for the ACC II rulemaking.  For the analyses 
pertaining to fleet sales projections, 2021 model year sales were not a known quantity 
to CARB staff and were not incorporated into the EMFAC model.  The model uses a 
2019 base year and represents CARB’s best estimate of the vehicle sales at the time of 
the rulemaking.  Future iterations of the model will include updated vehicles sales for 
the 2020 and 2021 model years to reflect vehicle sales more accurately in California.  
Staff agree that the current assumptions are more conservative in nature in that the 
final analysis slightly overestimates the cost of the regulation while slightly 
underestimating emission reductions.  Such slight changes, however, do not change 
the fundamental rational for adoption of the regulation as the commenter states.


63. Comment: The overstated technology costs used in the ISOR directly result in 
overstated negative economic impacts. The SRIA, using staff’s initial cost estimates, 
showed that ACC II adoption would have negative impacts on California employment, 
output, and gross domestic investment. Using the updated costs, the ISOR shows 
smaller impacts, but the results are still negative. NRDC does not have the capability 
to conduct a macroeconomic analysis using more appropriate cost projections but 
such an analysis would reduce or eliminate the purported negative impacts. [OP-99]
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Agency Response: CARB agrees that lower technology costs would result in less 
negative economic impacts. However, as discussed in responses to comments E-7, E-
8, and E-12 above, CARB believes that the technology cost assumptions of the ISOR 
are appropriate and should not be lowered to reduce or eliminate negative economic 
impacts. As described in Appendix F of this FSOR, the vehicle costs were updated to 
reflect the change in the battery durability requirement which lowered the overall 
compliance costs of the regulation. Accordingly, the economic impacts are slightly less 
than those reported in the ISOR. Nonetheless, some small, negative economic impacts 
persist under the updated cost assumptions due to the continued reduction in 
gasoline fuel demand and reduced vehicle maintenance needs which are not 
eliminated by reducing vehicle costs.


64. Comment: The ISOR’s conclusion that ACC II has negative macroeconomic impacts 
could adversely affect ACC II adoption in Section 177 states as well as the 
development of the next round of federal standards. Opponents of the regulations will 
cite California’s projected negative economic impacts to support their case. 
California’s ability to influence other jurisdictions to adopt aggressive standards is 
undermined. [OP-99]


Agency Response: CARB considered this comment but disagrees that these impacts 
should be reevaluated to increase the likelihood of adoption of the ACC II regulations 
by Section 177 states, as CARB does not regulate outside California. Each Section 177 
state has its own rulemaking processes which will evaluate the costs and benefits of 
the regulations for the state’s specific circumstances. CARB conducted the analysis 
based on the best available information. The regulation adopted by CARB has lesser 
negative macroeconomic impacts than shown in the ISOR, though there may still be 
negative impacts. However, these impacts continue to be minor – overall employment 
changes would be less than 0.15% different from baseline levels throughout the 
regulation period and overall State output would be less than 0.2% different. As 
shown in the ISOR and accompanying updated analyses, the cost of the regulations is 
justified by the benefit to human health, public welfare, and the environment. The final 
net result of these analyses shows the ACC II regulations deliver a cumulative net 
benefit to California of $92.8 billion and has a benefit-cost ratio of 1.43, meaning 
benefits are more than costs between 2026 and 2040. California’s macroeconomic 
impacts will not necessarily mirror those in other states due to differing composition of 
their economies. 


65. Comment: CARB should account for increased financial burden on non-dealer 
Independent Repair Shops resulting from ZEV transition. [OP-161-88]


Agency Response: CARB did account for the impact on repair shops in the SRIA, which 
include independent shops. The available information and the record before CARB do 
not support distinguishing between dealer and non-dealer repair shops. As shown in 
the updated analysis in FSOR Appendix F, the automotive repair and maintenance 
sector is expected to see up to a 15% reduction in output relative to baseline levels as 
a result of assumed decreased maintenance needs of ZEVs. However, the ZEV 
transition has already begun with 16% of new vehicles sales in California being a ZEV 
in the first half of 2022. Currently, non-dealer independent repair shops are excluded 
from servicing ZEVs which will become a growing portion of the fleet as a result of the
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ACC II regulations. As discussed beginning on ISOR p. 83, ACC II’s ZEV assurance 
measures will enable these shops to participate in the servicing and repair of ZEVs. 
Without this component of the regulation, these shops would face a shrinking 
customer base and greater financial burden. 


66. Comment: CARB has not fully assessed the economic impact the proposed regulation 
would have on the liquid fuels supply chain. 


CARB assumes that gasoline prices will follow the current CEC IEPR fuel price 
projection but has not assessed the impacts a technology mandate could have on 
these prices and how this will affect the domestic and foreign supply-chains. As 
discussed in the Stillwater Study if the proposed regulation goes into effect as 
currently written, there will be a 66% decrease in gasoline sales by 2035 and a 90% 
decrease by 2050. Gasoline and petroleum-based diesel demand will be reduced to 1 
billion gallons per year, which is less than half of what is produced by a moderate 
California facility today. As a result of this, it is likely California will consolidate or 
eliminate the entire petroleum refining industry in the State and shift to imported 
finished product (See the Stillwater Study and Attachment E). This will lengthen the 
supply chain and threaten the security of supply. Capitol Matrix Consulting predicts 
that per-gallon petroleum prices will increase as a result of this increased importation 
of finished product as the supply chain is lengthened and the fixed costs for 
distribution and sale of gasoline are spread over a decreasing number of customers 
(Attachment E). CARB has addressed the job and income related impacts of declining 
oil and gasoline production, refining and distribution in California, but has not 
addressed the long-term impacts to the gasoline and diesel prices in the state and the 
impact this would have on consumers and the economy.”  [OP-161-74, OP-97]


Comment: Stillwater Associates predicts that the ACC II proposed regulation will 
reduce gasoline sales by 66% by 2035, and by 90% by 2050; likewise, diesel sales 
could fall by 34% by 2035, and by 60% by 2050. [OP-122-25] 


Comment: Aware of the significant ongoing demand for petroleum products, ACC II’s 
attempt to phase out critical refining production is irresponsible and threatens to leave 
millions of Californians without transportation fuel. [OP-122-27]


Comment: CARB does not consider how the negative economic impact this Proposed 
Regulation will have on the petroleum industry could result in the abandonment of 
carbon capture, utilization, and storage technology already being developed, thereby 
increasing GHG emissions. [OP-141-16]


Agency Response: CARB considered these comments and determined that although 
the ACC II regulations will reduce gasoline and diesel fuel consumption, it will not 
cause transportation fuel shortages. The impacts on oil and downstream industries are 
analyzed in the SRIA and the commenter’s characterization that this will result in major 
consolidation or elimination of the industry within the regulatory horizon is speculative 
and not supported by the evidence before CARB, which instead shows the impact to 
the refinery industry to be a decline in output of about 13% relative to the baseline by 
2040. According to the updated emissions analysis, gasoline consumption in 2035 will
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only be 38% less than in the baseline scenario and diesel consumption would only be 
12% lower,74 which is substantially less than the reductions cited by the commenters. 


CARB notes that the Stillwater Associates estimate is based not on the ACC II 
regulations but on the Mobile Source Strategy, which is a comprehensive planning 
document including much more than just ACC II. Furthermore, this estimate compares 
future gasoline demand to current levels rather than future levels with and without 
new regulations. This exaggerates the effect of the Mobile Source Strategy given that 
other factors are already contributing to future decreases in gasoline demand; the 
reduction from the light-duty vehicle fleet estimated in the Mobile Source Strategy 
comparing 2035 levels with and without the Mobile Source Strategy is therefore lower 
than what Stillwater Associates reports (and also greater than what the ACC II 
regulations will produce).75


While CARB agrees that future petroleum consumption levels will be lower as a 
greater fraction of the fleet changes to ZEV, this does not necessarily mean that 
Californians will be left without transportation fuel. As discussed in the response to 
comment OP-141-1 in the Response to Comments on the Draft Environmental 
Analysis, there is no significant or credible evidence in the record to support the claim 
that California would become more dependent on increased petroleum imports. 
Additionally, the diesel consumption volumes of light- and medium-duty vehicles in 
the EMFAC model are less than 0.5% those of the gasoline volumes and therefore a 
marginal consideration in the business decisions of fuel producers or fueling station 
operators. 


The argument that this regulation will increase the price of gasoline runs counter to 
basic economic theory, where at the market level a reduction in demand for a product 
implies a reduction in a price rather than an increase. While in the short run a 
reduction in demand may change a firm’s average cost, this doesn’t correspond with a 
price increase, but a change in producer surplus. In the long run a lower demand 
environment may lead to exit of higher cost producers, but in either case price 
wouldn’t be expected to increase. As suggested by our response to the Department 
of Finance’s comments to the SRIA, the expectation is that if anything gasoline prices 
may decrease relative to the baseline forecast as a result of the decreased demand.   


Regarding carbon capture, such capture, utilization, and storage technology being 
developed and commercialized can be coupled with various sources of CO2 in 
California. In fact, the recent 2022 Draft Scoping Plan highlighted the need for this 
technology in conjunction with several types of industrial facilities,76 and the California


74 California Air Resources Board. 2022. Proposal VMT and Fuel Calculations. CARB 2022ddd, First 15-Day 
Notice.
75 CARB 2020 Mobile Source Strategy, Vision Model - LDV Raw Data and Results 
https://ww2.arb.ca.gov/sites/default/files/2020-11/LDV_MSS_supporting_materials_ISAS_Nov2020.xlsx 
(accessed October 5, 2022).
76 See page 66 in Chapter 2 of the CARB 2022 Draft Scoping Plan, 
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf. 



https://ww2.arb.ca.gov/sites/default/files/2020-11/LDV_MSS_supporting_materials_ISAS_Nov2020.xlsx

https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
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Legislature recently passed, and the Governor approved, Senate Bill 905 (Stats. 2022, 
ch. 395) directing CARB to establish a Carbon Capture, Removal, Utilization, and 
Storage Program and a unified permit application for carbon capture, removal, and 
sequestration projects. Commenter provides no evidence or further elaboration of 
how ACC II would result in an abandonment of these developments, or how such 
abandonment would increase GHG emissions, beyond speculation. CARB also notes 
any increased GHG emissions would likely be offset by the reduction in gasoline 
consumption. See also response to comment OP-141-16 in the Response to 
Comments on the Draft Environmental Analysis. 


Lastly, CARB did not propose or adopt a phase out of refining production, and so to 
the extent the commenter is making or basing its comments on such proposed phase 
out, the comments are beyond the scope of this rulemaking. 


67. Comment: Commenter states “Despite CARB’s access to ample information related to 
the economic impacts of electrification and existing strains on California’s grid, CARB 
failed to address these impacts, and instead constrained its analysis to a narrow 
consideration of direct costs centered around vehicle manufacturing and ownership. 
CARB’s SRIA concludes that only vehicle manufacturers are directly affected by the 
proposed ACC II program, which fails to account for extensive economic impacts 
stemming from the electrification of the transportation sector, discussed in detail 
below. This assessment is therefore insufficient to fulfill CARB’s legal duty to broadly 
consider economic impacts.” [OP-161-53, OP-97] 


Comment: Commenter states “Finally, despite CARB’s access to ample information 
related to the economic impacts of electrification and existing strains on California’s 
grid, CARB has failed to address these impacts, constraining its analysis to a narrow 
consideration of direct costs centered around vehicle manufacturing and ownership. 


CARB’s SRIA concludes that only vehicle manufacturers are directly affected by the 
proposed ACC II program, which fails to account for extensive economic impacts 
stemming from the electrification of the transportation sector, discussed in detail 
below. This assessment is therefore insufficient to fulfill CARB’s legal duty to broadly 
consider economic impacts.” [OP-141-33]


Comment: The commenter states “CARB has cited growth in the electric utilities 
sector and noted that new infrastructure will be needed to support this transition, 
however, they have failed to account for the costs of the infrastructure needed for this 
regulation in the SRIA, and have instead ascribed benefits to the electric utilities sector 
for job growth. This is misleading, and CARB must evaluate the full economic impact 
to electric utilities as a result of this regulation rather than just account for the benefits 
while ignoring the required costs associated with this transition.” [OP-161-24]


Comment: CARB must perform a complete and sufficient assessment of the economic 
impacts of the ACC II mandates to fully assess the impact on California’s economy. 
This assessment should account for the costs associated with upgrades to the 
California grid infrastructure (new and upgraded generation, transmission, and 
distribution)… [OP-161-40, OP-97]
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Comment: Additionally, CARB has failed to account for the electricity grid 
infrastructure (generation, distribution, and transmission) upgrade costs that would be 
necessary to support the additional load demand generated from the ACC II proposal. 
While the SRIA acknowledges that there would be tremendous growth in the 
electricity grid infrastructure and estimates the benefits of job growth in this sector, it 
remains silent on the costs associated with this grid infrastructure upgrades and 
development. As noted in the 2018 E3 Deep Decarbonization in a High Renewables 
Future Report (2018 E3 Report), these costs could be significant. For example, the 
cumulative cost for electric grid infrastructure development and maintenance for a 
high electrification scenario that includes the deployment of 35 million ZEVs is of $1.55 
trillion from 2026-2050. This value is $378 billion higher than the current policy 
reference case that was evaluated in that 2018 E3 Report. (Refer to Table A-3 for 
further details on the current policy scenario and the high electrification scenario). 
Hence, CARB must include the costs associated with the electricity grid infrastructure 
updates needed for the implementation of the proposed ACC II in their benefit-cost 
analysis. [OP-161-72, OP-97]


Agency Response: CARB disagrees with this comment that the SRIA does not account 
for the indirect effects of the regulation on sectors outside of vehicle manufacturing. 
As discussed in the response to comment C-34 above, CARB prepared the SRIA and 
related analyses that are required under the Administrative Procedures Act and its 
implementing regulations. 


Section 5 of the SRIA, p. 116 et seq., discusses the macroeconomic impacts based on 
decreases in demand for gasoline and the associated increase in demand for electricity 
and hydrogen resulting from the ACC II regulations. The reduction in consumer 
spending on gasoline results in decreases in demand for petroleum and coal products 
manufacturing and oil and gas extraction, as well as the industries that support the 
retail sale of gasoline to consumers represented in the retail and wholesale trades. The 
increase in consumer spending on electricity enhances the electric power generation, 
transmission, and distribution industry. As discussed in the SRIA and the updated 
analysis detailed in Appendix F of this FSOR, employment and output impacts to these 
sectors track with the changes in demand. Thus, the electric power industry is one of 
the main industries to benefit from the regulation. The operational cost-savings from 
fuel and maintenance expenditures realized by consumers from the regulation will be 
redirected to other sectors of the economy. As a result, the overall net change in 
employment and state output is less than 0.2% relative to the baseline.


See the responses to comments A-25 regarding grid impacts and A-20 on electricity 
prices. As noted in the response to comment A-20, the electricity price forecasts 
account for increasing electricity costs associated with electric utility investments for 
higher load demands, renewable supplies, and upgrades to transmission and 
distribution costs. 


68. Comment: Have we really considered the actual cost of this unprecedented approach?  
[OP-75]


Agency Response: CARB completed a SRIA in accordance with the Administrative 
Procedure Act and its implementing regulations (Cal. Code Regs., tit. 1 § 2001, et
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seq.) for regulations anticipated to have an economic impact on California business 
enterprises and individuals in an amount exceeding $50 million in any 12-month period 
between the date it is filed with the Secretary of State through 12 months after it is 
fully implemented (defined as major regulation). The SRIA includes an assessment of 
the costs and economic impacts of the ACC II regulations. CARB submitted the SRIA 
to DOF on February 1, 2022, with updates in the ISOR. These analyses show the cost 
of the ACC II regulations is overcome by the benefits to human health, public welfare, 
and the environment. The final net result of these analyses shows the ACC II 
regulations deliver a cumulative net benefit to California of $92.8 billion and has a 
benefit-cost ratio of 1.43, meaning benefits are more than costs between 2026 and 
2040. Refer also to the responses to comments C-18 and C-34.


69. Comment: We cannot comprehend the Economic Impact, Infrastructure Requirements,  
and Bond Requirements for implementation.


What Capitalization would be needed for both private and public. What model is 
being used for the timeline.  How is the GDP Gross Domestic Product being overlaid. 
What demographics are used.  Are you using Census data. What is the impact on the 
manufacturers.  What is the projected retail cost to the consumer. What are other 
state's requirements-now and proposed. How does this effect the power industry-
instate and outstate. From where is the generation of resources derived for power 
supplies to implement these regulations. Is the timeframe realistic to the costs and to 
the implementation. [OP-168]


Agency Response: ISOR Section X and ISOR Appendix C-1 discuss the data, methods, 
and findings of how CARB assessed the compliance costs for manufacturers, the 
electric utility industry within California, and the impacts to consumers. See the 
responses to comments A-25 regarding grid impacts and FSOR Appendix C, 
Comment A-3 on the implementation timeframe for the ACC II ZEV regulation. The 
commenter’s question on “other state’s” current and proposed requirements is 
unclear as to whether it concerns other regulatory programs within California, Section 
177 states that may adopt California’s requirements, or non-Section 177 states, and 
CARB is therefore unable to respond.  Similarly, the commenter’s reference to “bond 
requirements” is not clear or specific enough for CARB to be able to respond other 
than to note that the ACC II regulations do not include bond requirements or 
otherwise concern bonds.


F. Other


1. Comment: The commenter states “Consistent reliance on fast charging also will 
shorten battery life, resulting in a need to replace the battery and/or the vehicle more 
frequently.” [OP-141-28]


Agency Response: DC fast charging will be one of several charging options for BEV 
drivers. Level 1 and Level 2 charging at home, work, and in public likely will continue 
to provide the majority of most drivers’ fueling needs. However, battery technology is 
advancing and is less susceptible to degradation from fast charging. Further, staff are 
confident automakers will educate buyers of charging patterns that reduce risks for
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the battery, particularly as they will be required to provide vehicle warranties under 
the ACC II regulations.


2. Comment: Commenter believes the rulemaking must diversify fuel types and not rely 
solely on electricity, leaving California vulnerable to cyber-attacks. [T2-11]


Agency Response: Evaluating the impacts on the grid from potential physical and 
cybersecurity threats is outside the scope of the impacts analysis required by CARB’s 
vehicle emission regulations. CARB is aware that electrical grid risks and cyberattack 
mitigation are monitored and addressed by the Federal Energy Regulatory 
Commission (FERC) and the U.S. Department of Homeland Security (DHS).


Further, the California transportation fuel demand resulting from ACC II will include 
several fuel types, not solely electricity.  Hydrogen will increasingly be used, and a 
portion of the fleet will continue to use gasoline and diesel, though at a declining rate 
over time.


3. Comment: Commenter states that trucks, especially last mile (loading/unloading, 
delivery) need to be a priority as well. [OP-90]


Agency Response: Many truck classifications are out of scope of the ACC II regulations 
for emissions from light- and medium-duty vehicles. CARB notes, however, that 
emission standards for such vehicles are, or may be, covered in separate CARB 
regulations. The ACC II regulations apply to light and medium duty trucks designed 
for passenger vehicles and light commercial service (pickup trucks and passenger 
vans). Specifically, the ZEV regulation covers vehicles up to 8,500 lbs GVWR, and the 
LEV criteria regulations cover vehicles up to 10,000 lbs GVWR. Some vehicles used in 
these classes may be used for loading, unloading, and delivery of goods to the 
ultimate purchaser. 


4. Comment: We continue to urge California and the Biden Administration1 to develop 
standards that are harmonized and encourage industry to move confidently toward 
our shared – and ultimate – goal of an all-electric, low-carbon transportation future. 
We caution against finalizing mismatched, divergent, and inefficient regulations that 
will hinder industry’s ability to effectively engage on the substantive challenges that 
must be met to achieve the nation’s climate goals…. We strongly believe that the 
fastest way to reduce emissions and achieve an all-electric future is through a national 
program with emission reductions that are harmonized between NHTSA, EPA, and 
California. A harmonized program will reduce regulatory uncertainty and enable all 
stakeholders to focus cooperatively on reducing greenhouse gas emissions, 
conserving energy, and growing the economy. The ability to sell the same fleet in all 
50 states will also reduce consumer price and manufacturing complexity, enabling 
quicker fleet turnover with sales of newer, more efficient vehicles….We recommend 
that CARB coordinate with federal regulators to ensure the same test procedures, test 
fuels, vehicle test group definitions, crediting provisions (e.g., off-cycle, air 
conditioning, averaging, banking, trading) and electric vehicle treatment (i.e., EVs are 
0 g/mile and counted toward averaging requirements) in criteria pollutant and GHG 
regulations. Together, aligning these aspects of the regulation ensure the same fleet
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of vehicles can be deployed to meet our shared emission-reduction goals and 
simultaneously meet the state and federal regulations.  [OP-98] 


Comment: For EVs, CARB should harmonize with global and federal requirements 
wherever possible. State-specific requirements add complexity and increase 
compliance costs without environmental benefit, especially since the end goal is a fleet 
of zero emission vehicles. [OP-155, incorporated by reference into comments B1-20, 
OP-124, T1-8, T1-9, OP-57, OP-98, OP-150, OP-95, T2-34]


Agency Response: CARB coordinates with federal agency staff on developing and 
implementing vehicle emission standards and considers harmonizing requirements 
where doing so meets California’s needs to protect public health and the 
environment. In this proceeding, CARB has significantly harmonized its ACC II 
regulations with federal standards and test procedures. Many of the federal test 
procedures are incorporated by reference into California’s procedures.  California and 
federal automotive evaporative emission requirements and test procedures are 
essentially the same.  And harmonized regulations enable manufacturers to perform 
one set of evaporative emission testing, which is used to comply with both California 
and federal emission requirements.  Virtually all (98%) of vehicle test groups for model 
years 2022 and 2023 are certified as 50-state vehicles (i.e., certified for all the United 
States, including California).  The federal government does not have zero-emission 
vehicle standards with which to harmonize. The ACC II proceeding did not propose to 
amend CARB’s light-duty vehicle GHG emission standards.


California’s existing ACC GHG and criteria emission regulations were harmonized with 
the federal vehicle standards for a period of time, before the prior federal 
administration scaled back the stringency of the federal GHG regulations. However, 
ACC II does not change the State GHG vehicle emission standards; CARB anticipates 
supporting and working closely with U.S. EPA as the two agencies consider GHG 
emission standards for future model year light-duty vehicles. 


5. Comment: Commenter encourages consideration of EV conversion kits to convert 
existing ICE to ZEVs. [15-2]


Agency Response: The scope of the ACC II regulations is for requirements for 
manufacturers for new vehicles, not for aftermarket conversions of in-use vehicles. 
Some automakers do have models that are available in a conventional vehicle variant 
and a ZEV variant, the latter which could qualify for the ZEV regulation if it meets 
minimum technical and performance requirements as a new vehicle (not an 
aftermarket conversion). The ACC II regulations do not preclude owners of existing 
vehicles from converting conventional vehicles to ZEVs.


6. Comment: Commenter is critical of automaker commitments to meet auto emissions 
standards [T1-90]. 


Agency Response: Currently, automakers are in compliance with the existing California 
ZEV and LEV criteria emission regulations and have banked credits from prior model 
year over-compliance. The ACC II regulations have an aggressive stringency but staff 
are confident automakers can comply either with their own vehicle products or 
through the purchase of vehicle values from other automakers.
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7. Comment: Commenter states another thought would be to enforce that all vehicles 
already on the road have emission compliance systems. I hear and see vehicles 
blowing smoke/burning oil because the piston rings going bad or vehicles with 
chopped off (loud) exhaust systems that clearly do not meet CARB standards. [OP-90]


Agency Response: CARB, in coordination with the Bureau of Automotive Repair and 
the Department of Motor Vehicles, enforces existing regulations with periodic testing 
of in-use vehicles to assess emissions performance in vehicles as emission control 
systems and components age and to ensure that vehicles in use continue to meet 
emission requirements. For more information, please visit Environmental Complaints | 
California Air Resources Board. These measures are in addition to and not substitutes 
for the ACC II regulations. For more on CARB’s enforcement programs, please visit: 
https://ww2.arb.ca.gov/our-work/topics/enforcement.


8. Comment: ACC II should prioritize efficiency to drive widespread access to low-cost, 
no-compromise ZEVs Just as you deliberately and successfully designed ACC I to 
advance longer range ZEVs, we encourage CARB to design ACC II around ZEV 
efficiency. With increasing range now a staple in the ZEV marketplace, efficiency will 
be the determining factor as to when long-range, no-compromise ZEVs reach all 
vehicle segments. By prioritizing and rewarding efficiency, the ACC II regulation can 
accelerate universal access to ZEVs, including for lower income residents and 
disadvantaged communities – accelerating market, emissions and equity outcomes. 
ZEV efficiency is the single most important parameter CARB can influence to reduce 
the cost and environmental impact of ZEVs and advancing ZEV efficiency is the best 
way to align ACC II with CARB’s approach to climate change, which as described in 
the Draft Scoping Plan, includes identifying a “technologically feasible, cost-effective 
and equity-focused path” to meet the state’s climate goals. Improved ZEV efficiency 
delivers the same benefits as it does for conventional vehicles – including improved 
environmental impact, enhanced national security, and lower operating costs. It 
reduces electricity grid impacts, upstream emissions, and the amount of additional 
energy resources needed to support the State’s electrification priorities. It reduces 
demand for lithium and critical materials, along with potential supply chain 
bottlenecks. Unlike conventional vehicles, where improved efficiency tends to increase 
production costs, ZEV efficiency can yield a virtuous cycle: efficiency can reduce 
vehicle production costs and purchase prices by reducing the amount of batteries 
needed to achieve a targeted range, lowering vehicle curb weight due to use of fewer 
batteries and smaller packs (battery modules are generally the heaviest component in 
an electric vehicle) which can thereby further reduce the required cell count to achieve 
a desired range, and reducing the cost of the battery pack itself by lowering demand 
per vehicle for lithium and other critical materials thus applying downward pressure on 
commodity prices. We agree with the statement in the ISOR that “Innovations leading 
to lower cost ZEV models likely will result in increased sales within the mass market,” 
and we feel strongly that efficiency can serve as a primary innovation leading to lower 
cost ZEVs over the coming decade. Given the clear and broad benefits of ZEV 
efficiency, and direct alignment with the State’s priorities, we encourage CARB to 
proactively design ACC II to promote ZEV efficiency. While Lucid prioritizes efficiency 
in our vehicle designs, CARB should not assume the market will prioritize or reward 
ZEV efficiency on its own. Therefore, we strongly encourage CARB to take steps to



https://ww2.arb.ca.gov/our-work/programs/environmental-complaints

https://ww2.arb.ca.gov/our-work/programs/environmental-complaints

https://ww2.arb.ca.gov/our-work/topics/enforcement
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reward ZEV efficiency through ACC II and through other programs such as the Low 
Carbon Fuel Standard….


Create a separate category for Exceptional Efficiency Values, worth additional 0.5 ZEV 
values With added stringency to create a market for ZEV values, CARB can better 
advance an array of priorities through additional crediting opportunities to advance 
ZEV efficiency. Specifically, we encourage CARB to add a new crediting category for 
Exceptional Efficiency Values, which would be worth 0.5 credits and available through 
at least the 2031 model year. This category, like the Early Compliance Values 
category, would serve to accelerate mass market availability and adoption of ZEVs. 
Coupled with a more stringent regulation overall, this crediting approach could 
generate additional value for exceptional efficiency, supporting the more rapid 
production and adoption of low-cost, no-compromise ZEVs. ZEVs eligible under this 
category would have to be at least 50% more efficient than CARB’s baseline 
assumptions. A vehicle that is 50% more efficient would require 33% less battery, 
reducing incremental vehicle costs by well over $2,000 under CARB’s analysis. It would 
also require 33% less energy to travel a mile, reducing greenhouse gas and criteria 
pollutant emissions from upstream electricity generation by a similar amount. While we 
appreciate and support the move towards one credit/value per ZEV, the proposed 
regulation already deviates from that model to support equity investments, early 
compliance, and compliance flexibilities. This proposal would further support 
compliance flexibility, accelerated mass market adoption of ZEVs, and equity – if 
coupled with a more stringent compliance requirement to ensure that actual ZEV sales 
required by the regulation outpaces automakers’ BAU planning. [OP-154]


Agency Response: The commenter requests ACC II focus on ZEV energy efficiency and 
create an additional vehicle value for exceptional battery energy efficiency. CARB 
declined to follow commenter’s suggestion because the energy efficiency of ZEVs is 
outside the scope of this rulemaking.77 CARB did not notice or propose any such 
measures or metrics, and these potential measures are sufficiently distinct from the 
regulatory concepts included in the notice, important and complex in their own right. 
Preliminarily, CARB would expect further emissions reductions through more efficient 
energy usage by ZEVs, to the extent feasible, to be substantially smaller than those 
under ACC II as adopted, especially when accounting for the ongoing emission 
reductions associated with generating and delivering fuel (such as electricity) for ZEVs 
from renewable energy. And CARB does not have sufficient information at this time to 
determine what efficiency value thresholds to establish and the feasibility to achieve


77 Notably, CARB noticed a regulatory proposal that “will drive the sales of zero emission vehicles (ZEV) and the 
cleanest-possible plug-in hybrid-electric vehicles (PHEV) to 100-percent in California by the 2035 model year, all 
while reducing smog-forming emissions from new ICEVs in the fourth iteration of the Low Emission Vehicle (LEV) 
regulation.” The goals of the regulatory proposal were primarily “to transition the new light-duty vehicle fleet to 
ZEVs and PHEVs and clean-up Internal Combustion Engine Vehicles (ICEVs) to reduce emissions of criteria, 
toxic, and greenhouse gas pollutants,” because those “[e]missions from motor vehicle engines hurt public 
health, welfare, the environment, and the climate in multiple interrelated ways.” In other words, this proposal 
was focused on expanding ZEVs and PHEVs in the light-duty fleet and reducing emissions from the vehicles 
themselves. 
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those thresholds. As such, CARB did not pursue efficiency measures or values at this 
time but will continue to reevaluate technology development and deployment to 
identify opportunities for further feasible reductions in the future. 
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Executive Summary


Within the United States, federal 
and state policies are encouraging or 
requiring the adoption of zero-tailpipe 
emissions vehicles (ZEVs) like battery 
electric vehicles (BEVs), plug-in hybrid 
electric vehicles (PHEVs), and hydrogen 
fuel cell electric vehicles. President 
Biden issued an executive order setting 
a goal that by 2030 50% of all light-
duty vehicles (LDVs) sold in the U.S. 
will be ZEVs. BEV sales are projected 
to increase significantly in the coming 
years, but it will take decades to turn 
over the current vehicle fleet. 


1 https://www.transportationenergy.org/research/reports/ev-charger-deployment-optimization


S&P Global Mobility1 reports that in July 2021 BEVs 
represented only 0.42% of vehicles in operation, 
which left 282 million internal combustion engine 
vehicles (ICEVs) on the roads in the U.S. By 2030, 
it is projected there will be 290 million ICEVs in 
operation. That same year, BEV sales were projected 
to total nearly 2.8 million units. If LDV sales maintain 
their historical level of about 16.5 million vehicles 
per year, this would mean that, even in 2030, 
consumers will purchase nearly 14 million new 
ICEVs, and those vehicles can be expected to be 
on the road in the U.S. for at least fifteen years. 
Accordingly, large numbers of ICEVs consuming 
liquid fuels will be on the road in the U.S. for  
decades to come. 


Given the objective to reduce carbon emissions from 
the transportation sector, waiting for the market to 
transition to ZEVs without seeking solutions for the 
dominant powertrain on the roads is a strategy


TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS



https://www.transportationenergy.org/research/reports/ev-charger-deployment-optimization
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dominant powertrain on the roads is a strategy 


which ignores the substantial reductions which can 
be achieved in current and future ICEVs. Embracing 
strategies to reduce carbon emissions from the 
nearly 300 million ICEVs that will continue to operate 
in the U.S. for the next several decades is imperative. 


Fortunately, total lifecycle, as well as tailpipe, 
emissions reductions are already being achieved 
by increasing use of biofuels and reducing the 
carbon intensity of the fuel mixtures used in ICEVs. 
Additional near-term steps to reduce the carbon 
intensity of fuels will play a critical role in limiting 
the expected increase in cumulative mobile 
source greenhouse gas (GHG) emissions. ICEV 
technologies and the associated fuels can continue 
to be employed over broad and energy-intensive 
transportation applications while making substantial 
contributions to near- and long-term GHG emissions 
reductions. In fact, substantial reductions in GHG 
emissions from LDVs in the near term can only be 
achieved by reducing emissions from ICEVs.2 


Stillwater Associates was engaged by the 
Transportation Energy Institute to identify and 
analyze the potential opportunities to expand on 
this critical GHG-reduction strategy. In this report, 
we examine the benefits achievable through the 
decarbonization of the existing on-road U.S. ICEV 
fleet given the extended timeframe which will be 
required to transition that fleet to ZEVs. 


2 U.S. Environmental Protection Agency (EPA) / Draft Technical Assessment Report: Midterm Evaluation of Light-Duty Vehicle Greenhouse Gas Emission Standards and 
Corporate Average Fuel Economy Standards for Model Year 2022-2025.


This study was executed in four stages:


1. Prelude – An overview of the current U.S.
vehicle market composition, fleet turnover
rates, GHG and criteria pollutant emissions, and
the duration of various GHG emissions in the
atmosphere;


2. Life Cycle  Analysis of Options – Identify
a slate of options which could materially
contribute to a lower carbon ICEV market;


3. Biofuels – Demonstrate how bio- and
renewable fuels present the most promising
near-term option for lowering the carbon
emissions of the existing ICEV fleet; and


4. Market Transition – Evaluate the practical
implications and requirements for transitioning
the existing ICEV fuel supply to the
decarbonized fuel mix identified.


IN THIS REPORT, WE ASSESS THE 
VEHICLE FLEET AND GHG REDUCTIONS 
REALIZED FROM 2011 THROUGH 
2021 AND DISCUSS GHG-REDUCTION 
POTENTIAL FROM 2022 THROUGH 2050. 


IN THIS TIMEFRAME, BIOFUELED ICEVs 
ARE LIKELY TO REMAIN COMPETITIVE 
WITH ELECTRIC VEHICLE (EV) EMISSIONS 
REDUCTIONS. TAKEN TOGETHER, 
DECARBONIZING THE ICEV FLEET AND 
GROWING THE EV FLEET WILL MAXIMIZE 
CUMULATIVE GHG REDUCTIONS. 



https://nepis.epa.gov/Exe/ZyPDF.cgi/P100OXEO.PDF?Dockey=P100OXEO.PDF

https://nepis.epa.gov/Exe/ZyPDF.cgi/P100OXEO.PDF?Dockey=P100OXEO.PDF
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The key findings of the prelude are:


1. Biofueled ICEVs are reducing emissions now.
Since 2011, when California began tracking
biofuel GHG reductions, biofueled ICEVs have
reduced 76 million metric tons (MT) of GHG
emissions while EVs have reduced 16 million
MT. Biofueled ICEVs will continue generating
more GHG reductions than EVs for at least the
near term and likely into the longer term due to
biofuels’ low carbon intensities being used in
the larger ICEV fleet.


2. NOx and PM2.5 emissions have been cut
significantly from 2000 levels. EPA estimates
the national fleet of all vehicles (except
motorcycles) reduced nitrogen oxide (NOx)
emissions by 89% between 2000 and 2022. By
2030, the fleet’s NOx emissions are projected to
be reduced by up to 95% compared to the 2000
baseline. Today, diesel PM2.5 emissions are 91%
lower than 2000 levels, and by 2030 the fleet
will be 97% lower than 2000 levels.


3. New heavy-duty (HD) diesel vehicles
provide substantial PM emissions reduction
benefits. The EPA emission inventories show
new heavy-duty diesel vehicles’ PM emissions
in the laboratory are 99.86% lower than 1990
vehicles. When driven in air violation areas, the
cleanest diesel ICEVs now operate 100.4% more
cleanly than 1990s-era vehicles (i.e., modern
ICEVs consume more air pollution than
they emit).


4. Fleet turnover to new technology vehicles
will be slow due to higher vehicle costs
and the required installation of new
infrastructure. This hinders progress towards
replacing the oldest, dirtiest heavy-duty
ICEVs and makes a single-track ZEV adoption
approach a less economical and slower way
to a cleaner vehicle fleet than reducing GHG
emissions from ICEVs in the immediate term.


5. GHG emissions reductions can be effected
more immediately by incrementally reducing
emissions with the current and future fleet
of ICEVs than by waiting for the fleet to
transition to ZEVs. For example, if existing
heavy-duty ICEVs were fueled with 100%
renewable diesel (RD) starting in 2022, they
would achieve GHG reductions four times
greater than those achieved by EVs over the
next decade. Heavy-duty ICEVs fueled with 20%
biodiesel (BD) blended with 80% petroleum
diesel (B20) would match expected heavy-duty
EV GHG reductions over the decade. On the
light- and medium-duty side, if gasoline with
15% ethanol (E15) replaced gasoline with 10%
ethanol (E10), due to the significantly greater
number of vehicles on the road that could
use this fuel ethanol would provide twice the
cumulative GHG reductions as the smaller
market of EVs are expected to achieve over the
decade.
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The key findings of our lifecycle analysis of options are: 


1. GHG reduction options abound. When 
considering the massive volume of ICEVs on 
the road for the decades to come, immediate 
solutions are necessary. There are at least 24 
fuel sources for ICEVs that could provide equal 
or greater GHG reductions to the reduction seen 
in present US EVs charged using the average 
U.S. mix electricity (excluding coal).  This 
demonstrates that, while the market for EVs 
expands, there is a diversity of biofuels sources 
to support significant GHG reductions from 
ICEVs into the future.


2. ICEVs + biofuels is a winning immediate 
and long-term combo. Conventional vehicles 
fueled with biofuels have the potential to 
provide at least 80% of total on-road transport 
GHG reductions through 2035 and 68% of GHG 
reductions through 2050.


3. NOx emissions modeling falls short. 
Applying laboratory testing results to real-
world conditions results in an overestimation of 
realized NOx emissions from ICEVs as ambient 
NOx (i.e., the NOx concentration found in the 
air taken in by the ICEV engine) can be higher 
than the measured NOx in the exhaust. Thus, 
in real-world conditions, NOx emissions from 
the cleanest modern vehicles driven on the 
highway are a net negative. Put simply: ICEVs 
can clean NOx from the air.  


4. ICEVs’ PM emissions have dramatically 
improved since 1980. All vehicle options sold 
today reduce PM emissions within 3% of that 
logged by EVs charged using U.S. mix power. 
On the heavy-duty front, all properly operating 
(and non-coal-generated electricity charged) 
HD EV and HD diesel ICEVs provide equivalent 
PM reductions on a well-to-wheels or  
vehicle basis. However, high costs for newer 
and cleaner HD trucks often leaves older 
vehicles on the road for a prolonged period 
of time. Low carbon biofuels are necessary to 
improve overall emission reductions.
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The key findings of the Biofuels analysis are: 


1. Biofuel benefits are not tapped out: EIA 
projections indicate that the volume of biofuels 
used in ICEVs will hold steady through 2050 
even as EVs displace ICEVs. With additional 
incentives for and approval of biofuels usage, 
these volumes and associated emissions 
reductions could grow. 


2. Easiest options: Expanded usage of ethanol, 
RD, and BD is the lowest hanging fruit available 
to reduce the existing fleet’s GHG emissions. 


3. Ethanol + carbon capture could provide 
significant benefits: Demand for ethanol has 
been constrained by the absence of incentives 
under the current design of the federal 
Renewable Fuel Standard (RFS), biomass-
based diesel blenders tax credit (BTC), and the 
cellulosic biofuel waiver credit, to price higher 
ethanol blends like E85 to be competitive with 
E10 at an energy equivalent level. The Inflation 
Reduction Act of 2022 (IRA)3 expands the 45Q 
tax incentive for carbon capture, utilization, 
and storage (CCUS) and adds significant 
support for ethanol produced with CCUS. 


4. The food versus fuel debate is fading: 
Ethanol and BD supply currently rely heavily 
on two feedstocks, corn and soybeans, 
respectively. The impact of using a growing 
share of corn for fuel instead of food has 
declined over time due to increasing crop 
yields, corn-to-biofuel conversion process 
efficiency, and improvements in the ability to 
extract coproducts like dried distillers grains 
with solubles and corn oil.


3 117th Congress / Public Law 117-169.


5. Nonfood feedstocks show growth potential: 
In addition to current and growing usage of 
inedible tallow, used cooking oil, and distillers 
corn oil, there is significant potential to use 
nonfood feedstocks, such as oilseeds from 
cover crops and dedicated energy crops, to 
produce biofuels with much less diversion of 
cropland to biofuel production and greater 
potential to reduce carbon intensity of 
transportation fuel. However, policy incentives 
that reward lower carbon fuels and improve 
their competitiveness and assured demand 
are critical to induce investment in these 
feedstocks. The transition from the BTC to the 
Clean Fuels Production Tax Credit (also referred 
to as 45Z) in 2025, as established by the IRA, 
provides increased incentive to utilize nonfood 
feedstocks for production of biofuels.


6. State-level low-carbon fuel standard 
(LCFS) programs are driving low-carbon 
fuel innovation: LCFS-style programs, as 
currently exist in California, Oregon, and 
Washington (with potential to expand into 
additional states), have accelerated the use of 
renewable fuels beyond what is required by 
the federal RFS. In addition to supporting the 
replacement of ICEVs with ZEVs, LCFS programs 
provide unique incentives to producers of all 
low-carbon fuel options to continually reduce 
the CI (carbon intensity) of their production. 
As a result, existing LCFS programs have 
driven deeper decarbonization of ICEV fuels 
than would have been achieved with the RFS 
alone. In California, for example, the LCFS has 
led to the displacement of over one-third of 
petroleum diesel fuel demand with RD and BD.



https://www.congress.gov/117/plaws/publ169/PLAW-117publ169.pdf
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The key findings of the Market Transition Requirements analysis are:


1. Immediate carbon reductions yield both
short- and long-term benefits: Many near-
term options for reducing the carbon intensity
of ICEV fuels will have near-term reductions
in carbon emissions since those ICE fuels will
be used in the current fleet of ICEVs and will
continue into the future. Improvements
to ICEVs’ fuel economy amplify these
carbon reductions.


2. All options faces challenges: There are
varying degrees of viability and timing
uncertainties in each of the options for further
decarbonizing ICEVs.


3. There is no silver bullet: Given these
uncertainties and the fact that some of these
alternatives are highly aspirational, a portfolio
approach to ICEV decarbonization is advisable.


4. ICEV carbon reductions are a crucial
near-term step toward net zero: Since full
ZEV deployment is not without significant
challenges and is not viable as a short-term
solution, deployment of lower carbon ICE
vehicle and fuel options provides real near-
term carbon emissions reductions and can be a
hedge against slower ZEV deployment.


5. ICEV improvements can complement
ZEV deployment: A portfolio approach
will maximize the reductions in on-road
transportation carbon emissions in both the
near and long term and result in both ICEVs’
(near-term) and ZEVs’ (longer term) roles in
minimizing transportation carbon emissions
being realized.


6. A portfolio approach: Based on our analysis
and comparison of the alternatives discussed
in this report, we propose a list of prioritized
options to optimize the carbon reduction
of the ICEV fleet based on the parameters
evaluated. These parameters include potential
fleet carbon reductions, ease of economic and
consumer acceptance, technical viability, costs,
and timing. The ranked options are listed in
the table below. The first-tier options are the
lowest hanging fruit with reasonable feasibility
and relatively low cost-to-benefit ratios. The
second-tier options are opportunities that need
more time to develop, and the third-tier options
require a significant breakthrough to become
practical alternatives. (Table ES 1)
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4  Renewable Diesel (RD) at 100% by volume (R100) can be placed into a vehicle without issue, but the Biomass-Based Diesel Blenders Tax Credit (BTC) requires blending 
of RD with petroleum diesel in order to generate the credit. As such, essentially all RD in the market is blended with at least a small amount of petroleum diesel. 


TABLE ES-1. TIERED ICEV CARBON-REDUCTION POTENTIAL OF ALTERNATIVE OPTIONS*


TIER OPT ION PAIRED VEHICLE 
TECHNOLOGY


CARBON 
REDUCTION 
VS. CURRENT 
FLEET & FUELS 


POTENTIAL 
IMPACT


REGULATORY MARKETPLACE


0 Current ULSD  
& E10 Gasoline


Current Gas ICEV base N/A N/A N/A


1 Biodiesel (B5) Current Diesel ICEV <5% small N/A Increased feedstock generation


1 Ethanol (E15) Current Gas ICEV 3% small Wider EPA approval Infrastructure build-out


1 Renewable 
Gasoline (RG)


Current Gas ICEV 50-70% small Continuation/expansion of existing 
regulatory incentives Scalability of production


1 Renewable 
Natural Gas (RNG)


NGV 100+% small Continuation/expansion of existing 
regulatory incentives


Conversion of vehicles and fueling 
infrastructure


1 Renewable 
Propane (RP)


LPG ICEV 60-70% small Continuation/expansion of existing 
regulatory incentives


Conversion of vehicles and fueling 
infrastructure


1
Reduced CI 
Gasoline & 
Diesel


Current ICEVs 5-15%
small to 
medium


Strengthened regulations on upstream 
flaring and methane emissions; continued 
move to renewable marine fuels; continued 
regulatory incentives for CCUS and use of 
renewable energy at refineries


Refinery investment in CCUS and usage of 
renewable energy


1 Ethanol (E15) Hybrids (HEV & 
PHEV) 20%


small to 
medium


E15 approval and increased incentives for 
hybrid expanded vehicle purchases


Conversion to hybrid vehicle fleet and 
expansion of E15 infrastructure


1 Biodiesel (B20) Current Diesel ICEV 5-15%
small to 
medium


N/A Increased feedstock generation


1 Ethanol (E85) FFV 15-25%
small to 
medium


Increased incentives for FFV production 
and purchase (adjustments to CAFE) 
and potential aftermarket equipment 
certification program for FFV conversions


Fueling infrastructure expansion and 
increased vehicle and fuel availability


1 Renewable 
Diesel (R99)3 


Current Diesel ICEV 50-70% medium Continuation/expansion of existing 
regulatory incentives Increased feedstock generation


1 Renewable 
Diesel (R99)


Hybrids (HEV & 
PHEV) 55-85% medium Increased incentives for hybrid vehicles Conversion to hybrid vehicle fleet and 


increased feedstock generation


2
Ethanol 
(Intermediate 
Blends)


Dedicated Vehicle 5-15% small
New incentives for development of 
dedicated intermediate-ethanol-blend 
vehicle production


Expanded compatible fuel infrastructure


2 Biodiesel (B20+) Current Diesel ICEV 40-60% small Establish ASTM standards
OEM warranty, expanded fueling 
infrastructure, and increased feedstock 
generation


2 ICEV 
Improvements


NA (current fuels) 20-50% medium Technology-neutral testing and CAFE 
standards Broad OEM roll-out


2/3 Hydrogen (H2) H2 ICEV 60-100%+ small Substantial financial incentives


Build-out of hydrogen production 
hubs, expansion of dedicated fueling 
infrastructure, conversion of vehicle fleet 
to H2


3 Cellulosic 
Ethanol (E10)


Current Gas ICEVs 5-10% small Substantial financial incentives for fuel and 
technology development


Technological breakthrough to reduce 
production cost


3 Cellulosic Diesel Current Diesel ICEVs 60-90% medium Substantial financial incentives for fuel and 
technology development


Technological breakthrough to reduce 
production cost


3 FT Diesel (BTL) Current Diesel ICEVs 20-100+% medium Substantial financial incentives for fuel and 
technology development


Technological breakthrough to reduce 
production cost


3 Pyrolysis Fuels Current Gas & Diesel 
ICEVs 0-60% large Substantial financial incentives for fuel and 


technology development
Technological breakthrough to reduce 
production cost


3 E-Fuels Current Gas & Diesel 
ICEVs 40-100% large Substantial financial incentives for fuel and 


technology development
Technological breakthrough to reduce 
production cost


IN IT IAT IVES REQUIRED


*For an explanation of the assigned tiers presented in this table, please refer to page 175.
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In this report, we explore various 
vehicle technologies and their 
corresponding fuels as well as  
greenhouse gas (GHG) and criteria 
pollutant emissions. In this section,  
we level-set the vehicle technologies 
and emissions categories addressed  
in this four-part study.


5 California Air Resources Board (CARB) / Zero Emission Vehicle Program.


1.1 VEHICLE TECHNOLOGIES


A zero-emission vehicle (ZEV) is a vehicle that does not 
emit exhaust gas or other pollutants from the onboard 
source of power. California’s ZEV Program requires 
most vehicle manufacturers operating in the state to 
bring to and operate in California a certain percent of  
ZEVs such as battery electric vehicles (BEVs), gasoline 
plug-in hybrid electric vehicles (PHEVs), and hydrogen 
fuel cell electric vehicles (FCEVs).5 Table 1 below 
differentiates between vehicle technologies that 
qualify as ZEVs and those that do not.


Vehicle Technologies 
and Emissions 


TABLE 1. VEHICLE TECHNOLOGIES 


VEHICLE TECHNOLOGY TYPE ZEV*


Gasoline (Conventional) NO
Flexible-Fueled Vehicles (E85 FFVs) NO
Diesel NO
Gasoline Hybrid NO
Natural Gas Vehicle NO
Gasoline Plug-In Hybrid Electric Vehicle (PHEV) YES
Battery Electric Vehicle (BEV) YES
Hydrogen Fuel Cell Electric Vehicle (FCEV) YES


*ZEV refers to criterion pollutants (hydrocarbons, carbon monoxide, NOx, and PM) and GHG emissions. PHEVs must have an all-electric range of at least 10 
miles to qualify as a ZEV.



https://ww2.arb.ca.gov/our-work/programs/zero-emission-vehicle-program
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1.2 GREENHOUSE GAS EMISSIONS


Gases that absorb heat in the atmosphere are called 
greenhouse gases. The primary GHGs emitted by 
the transportation sector are carbon dioxide (CO2), 
methane (CH4), and nitrous oxide (N2O). These 
GHGs are commonly measured in units of carbon 
dioxide equivalence (CO2e). The impact of each on 
climate change depends on three main factors: how 
much of the gas is in the atmosphere, atmospheric 
lifetime (i.e., the average length of time a given gas 
resides in the atmosphere given its sources, sinks, 
and reactivity)6 , and potency. Each of these factors 
is displayed in Table 2 below. The global warming 
potential (GWP) of a given GHG is the ratio of that gas' 
global warming impact relative to that of CO2 over a 
100-year time horizon.7 Atmospheric concentration, 
atmospheric lifetime, and GWP  
are presented in Table 2 for the GHGs present in  
ICEV emissions. 


Different sources offer a range of values for these key 
parameters, and the resulting uncertainty in these 
values results in uncertainty in any modeling of 
climate impacts of GHG emissions from ICEVs. 


6 According to EPA: “The Global Warming Potential (GWP) was developed to allow comparisons of the global warming impacts of different gases. Specifically, it is a 
measure of how much energy the emissions of 1 ton of a gas will absorb over a given period of time, relative to the emissions of 1 ton of carbon dioxide (CO2). The larger the 
GWP, the more that a given gas warms the Earth compared to CO2 over that time period. The time period usually used for GWPs is 100 years. GWPs provide a common unit of 
measure, which allows analysts to add up emissions estimates of different gases (e.g., to compile a national GHG inventory), and allows policymakers to compare emissions 
reduction opportunities across sectors and gases.” Understanding Global Warming Potentials.


7 According to EPA: “Atmospheric CO2 is part of the global carbon cycle, and therefore its fate is a complex function of geochemical and biological processes. Some of the 
excess carbon dioxide will be absorbed quickly (for example, by the ocean surface), but some will remain in the atmosphere for thousands of years, due in part to the very 
slow process by which carbon is transferred to ocean sediments.” Overview of Greenhouse Gases.


8 Intergovernmental Panel on Climate Change (IPCC) / Climate Change: The IPCC Scientific Assessment.


9 American Chemical Society / On the Atmospheric Residence Time of Anthropogenically Sourced Carbon Dioxide.


10 EPA / Overview of Greenhouse Gases. 


For this report, we use the United Nations 
Intergovernmental Panel on Climate Change (IPCC) 
assumption that it “takes only a few years before 
a CO2 molecule in the atmosphere is taken up by 
plants or dissolved in the ocean” but that “the slow 
exchange of carbon between surface waters and the 
deep ocean” requires 50-200 years to adjust to the 
new equilibrium.8,9 Methane, for its part, remains 
for 25 years. CO2e expresses the combination of the 
GHGs that contribute to climate change adjusted 
based on each one’s unique GWP. This can also 
be done manually by summing the mass of the 
pollutants multiplied by their GWP factors.


Anthropogenic (human-caused) CO2 enters the 
atmosphere through the burning of fossil fuels (such 
as coal, natural gas, and oil), solid waste, trees, and 
other biological materials, and as a result of certain 
chemical reactions (e.g., manufacture of cement). 
According to EPA, “The combustion of fossil fuels 
such as gasoline and diesel to transport people and 
goods was the largest anthropogenic source of CO2 
emissions in 2020, accounting for about 33% of total 
U.S. CO2e emissions.10 This category includes 


TABLE 2. TRANSPORTATION-RELATED GREENHOUSE GAS CONCENTRATIONS AND GLOBAL  
WARMING POTENTIAL 


GREENHOUSE GAS CONCENTRAT ION IN 
ATMOSPHERE*


ATMOSPHERIC 
L I FET IME


GLOBAL WARMING 
POTENTIAL


Carbon Dioxide (CO2) 416 ppm Varies 1
Methane (CH4) 1.895 ppm 100 years 29.8
Nitrous Oxide (N2O) 0.334 ppm 114 years 273


Sources: Argonne GREET Model (anl.gov) using the IPCC Sixth Assessment Report values and the Global Monitoring Laboratory 
* As of November 2022 



https://www.epa.gov/ghgemissions/understanding-global-warming-potentials

https://www.epa.gov/ghgemissions/overview-greenhouse-gases

https://www.ipcc.ch/site/assets/uploads/2018/03/ipcc_far_wg_I_full_report.pdf

https://pubs.acs.org/doi/full/10.1021/ef200914u

https://www.epa.gov/ghgemissions/overview-greenhouse-gases

https://gml.noaa.gov/ccgg/
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domestic transportation sources such as highway 
and passenger vehicles, air travel, marine transport-
ation, and rail. CO2 is removed from the atmosphere 
(or ‘sequestered’) when it is absorbed by the oceans 
and plants as part of the biological carbon cycle.”  


In the U.S., methane accounts for approximately 
10% of anthropogenic GHG emissions.11 Methane is 
emitted during the production and transport of coal, 
natural gas, and oil. Methane emissions also result 
from livestock, other agricultural practices, and land 
use, and by the decay of organic waste in municipal 
solid waste landfills. Nitrous oxide is emitted during 
agricultural, land use, and industrial activities; 
combustion of fossil fuels and solid waste; and during 
treatment of wastewater. Methane can be captured 
from livestock and wastewater and used for pipeline 
gas, power generation, and automotive fuel.12 The 
Biden administration, through the National Climate 
Task Force, has launched a whole-of-government 
initiative to significantly redouble efforts to reduce 
methane emissions.13  


As CO2 and methane (particularly for fossil-based 
natural gas vehicles, NGVs) emissions are the largest 
share of the mass of GHG emissions from ICEVs, they 


11 EPA / Inventory of U.S. Greenhouse Gas Emissions and Sinks (1990-2019). 


12 Clarity and Leadership for Environmental Awareness and Research at UC Davis / What is a Dairy Digester and How Does it Affect Methane Emissions?. 


13 The White House Office of Domestic Climate Policy / U.S. Methane Emissions Reduction Action Plan.


14 Perfect Pollucon Services / Ambient Air Quality monitoring guidelines.


factor predominantly in the estimation of impacts. 
Renewable natural gas (RNG) is being pursued as  
an option to reduce the potential impacts of fossil-
based NGVs on GHGs.


1.3 CRITERIA POLLUTANTS


Common air pollutants with known health impacts 
are defined as “criteria pollutants” under the 1970 
Clean Air Act (CAA). The CAA established health-
based National Ambient Air Quality Standards 
(NAAQS) for carbon monoxide, ground-level ozone, 
lead, nitrogen dioxide, particulate matter, and sulfur 
dioxide. Air pollution is measured especially in areas 
of high population and traffic and where pollution 
problems exist or are expected. Consequently, clean 
air progress for major cities is well established by 
EPA or local air districts.14 Since the implementation 
of NAAQS, criteria pollutants have decreased 
significantly, although ozone and PM2.5 are remaining 
challenges for some cities. Criteria pollutants have 
been mitigated via engine and aftertreatment 
capture system improvements as well as through 
fuel chemistry (i.e., ultra-low sulfur diesel, ULSD). 
Table 3 shows the progress toward criteria pollutant 
reduction to date.


TABLE 3. AIR QUALITY TRENDS RELATED TO TRANSPORTATION CRITERION POLLUTANTS


POLLUTANT MEAN ATMOSPHERIC 
CONCENTRAT ION  PROGRESS TO DATE NATIONAL STATUS


Carbon Monoxide (CO) 1.2 ppm 87% decrease since 1980 Below National Standard


Ozone 0.067 ppm 29% decrease since 1980 85% of Nation Below 
National Standard


Lead 0.03 µg/m3 85% decrease since 1980 Below National Standard
Nitrogen Oxides (NOx) 40.3 ppb 64% decrease since 1980 Below National Standard
Particulate Matter (PM10) 59.9 µg/m3 32% decrease since 1990 Below National Standard
Particulate Matter (PM2.5) 8.5 µg/m3 37% decrease since 2000 Below National Standard
Sulfur Oxides (SOx) 10.8 ppb 94% decrease since 1980 Below National Standard


Source: National Air Quality: Status and Trends of Key Air Pollutants | EPA



https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2019

https://clear.ucdavis.edu/explainers/what-dairy-digester-and-how-does-it-affect-methane-emissions

https://www.whitehouse.gov/wp-content/uploads/2021/11/US-Methane-Emissions-Reduction-Action-Plan-1.pdf

https://www.ppsthane.com/blog/ambient-air-quality-monitoring-guidelines

link to https://www.epa.gov/air-trends





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


18


As policy makers look towards 
reducing GHG and criteria pollutants 
stemming from transportation, a 
realistic look at fleet turnover rates 
and other solutions is required. Slow 
EV adoption rates, coupled with the 
massive U.S. gasoline and diesel fleet, 
make apparent that EVs alone will not 
solve emission issues, especially on a 
lifecycle basis, within the timeframe 
demanded.


2.1 THE CURRENT FLEET IS DOMINATED 
BY LIGHT-DUTY VEHICLES


According to the U.S. Energy Information 
Administration’s (EIA) 2022 Annual Energy Outlook 
(AEO), on-road transportation makes up 80% of 


total transportation energy used in the U.S. This 
on-road fuel use is broken down by light-duty cars, 
light-duty trucks, and heavy-duty vehicles (freight 
trucks, commercial trucks, and bus transportation) 
as shown in Figure 1.  


Current Fleet 
Composition


FIGURE 1. ON-ROAD TRANSPORTATION ENERGY 
USE (2022)
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Figure 2 shows the distribution of fuel use in the U.S. light-duty fleet. The vast majority (98.7%) of the current 
U.S. light-duty fleet is powered by gasoline (conventional, gasoline-hybrids, and FFVs), leaving 0.47% diesel 
powered and 0.75% EV powered (battery electric, PHEVs, and FCEVs). 
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Source: EIA AEO 2022 Vehicle Stock Table 39 



https://www.eia.gov/outlooks/aeo/data/browser/#/?id=49-AEO2022&cases=ref2022&sourcekey=0
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2.2 THE CURRENT EV MARKET IS 
CONCENTRATED IN STATES THAT 
OFFER INCENTIVES


Currently, the EV market varies greatly by state, 
as shown in Figure 3. State incentives play a large 
role in the early market share of EVs across the U.S. 
As can be seen, states and districts like California, 
Washington, D.C., Washington State, and Oregon—
all of which have a history of providing economic 
incentives for EV ownership—have the largest volume 
of new EV sales. Additional factors influencing 
the pace of transition by state include fuel prices, 
climate laws and regulations, availability of charging 
infrastructure, and the distribution of population 


15 S&P Global Mobility / EV Insights – Part 1.


 
 
 
 
 
 
 
 


 
between urban, suburban, and rural areas. As can be 
seen in Figure 3, California leads the nation with 18% 
of national new EV sales in the first half of 2022, and 
according to IHS Markit, California is home to 41% of 
the nation’s registered EV population.15 


C
A D
C


W
A


O
R


C
O


N
V N
J


M
A H
I


M
D C
T


V
A U
T


V
T


A
Z IL FL N
Y D
E R
I


G
A


M
E


N
C


M
N PA TX N
M TN N
H ID K
S


W
I


M
I


M
T


IN O
K


O
H SC M
O N
E IA A
K


K
Y


A
R A
L


M
Y LA SD W
V


M
S


N
D


S
O


Y
 O


IL


C
A


N
O


LA
 O


IL


D
C


O


U
C


O
(U


S
)


U
C


O
(I


N
TL


)


A
N


IM
A


L 
FA


TS
(U


S
)


A
N


IM
A


L 
FA


TS
(I


N
TL


)


EV
 n


ew
 ve


hi
cl


e 
sa


le
s


DIESEL POOL GASOLINE POOL


40


60


80


0


4%


2%


8%


10%


6%


12%


14%


16%


18%


20%


$54,568
$69,262


200,000 MILES
(average US electricity mix)


19,000 MILES
(states with low carbon electricity)


2008 20102009 2011 20142013 20152012 2016 2017 2018


 Efficient ICE vehicle


D
ie


se
l I


C
E


D
ie


se
l h


y
b
ri


d
(4


.8
 k


W
h
)


D
ie


se
l P


H
EV


 
(3


8
 k


W
h
)


B
EV


 
(3


4
5
 k


W
h
)


D
ie


se
l I


C
E


D
ie


se
l P


H
EV


 
(3


8
 k


W
h
)


B
EV


 (
O


p
ta


re
)


(9
2
 k


W
h
)


B
EV


 (
W


ri
g
h
tb


u
s)


(1
5
0
 k


W
h
)


B
EV


 (
B
Y


D
) 


(3
2
4
 k


W
h
)


26.6 29.2 32.8 35.8 39.4 41.4 39.9 41.2 41.3


11%


2022 (through Q2) 2021 U.S. average (through Q2 2022)


FIGURE 3. EV NEW VEHICLE SALES BY STATE THROUGH 2Q2022


Source: Get Connected: Electric Vehicle Quarterly Report, 2022 (Q2)



https://ihsmarkit.com/research-analysis/ev-insights-part-i.html

https://www.autosinnovate.org/posts/papers-reports/get-connected-ev-report-2022-q2
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Passenger cars were the early market entry points 
for EVs into the light-duty fleet, as shown in Figure 
4. With today’s enhanced battery developments, EVs 
are moving into heavier light-duty trucks (mostly 
as PHEVs) and beginning to enter commercial light-
duty trucks (classes 3-6). Transitioning the freight 
truck fleet (heavy-duty classes 7-8) to EVs is the most 
challenging due to the size and cost of the required 
battery packs and cost of required recharging 
infrastructure.


The total number of new EV models is growing faster 
than the number of new ICEV models coming to 
market. According to EIA, “Sales of several existing 
hybrid, plug-in hybrid, and electric models increased 
in 2021, but a large portion of the sales increase came 
from new manufacturer offerings across different 
market segments. Manufacturers increased the 
number of non-hybrid ICE vehicle models by 49 in 
2021, versus an increase of 126 for hybrid and electric 
vehicle models.”16


.


16 U.S. Energy Information Administration / Electric vehicles and hybrids surpass 10% of U.S. light-duty vehicle sales.
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Fleet turnover rate is a measure of  
the amount of time required for a  
new vehicle technology to migrate 
into the total fleet and displace older 
vehicle technologies. According to 
AEO data, the maximum pace of fleet 
turnover is 18.5 years for all new light-
duty vehicle sales to match the total 
fleet population, assuming 100% 
vehicle survival for all vehicles for  
all years.


Based on recent data from the Oak Ridge National 
Laboratory, vehicle survivability varies by several 
factors, including vehicle class, as shown in Figure 5.  
As can be seen, across all vehicle classes, 20% of 
current vehicles will still be on the road in 20 years  
or more: 


1. 20% of cars are on the road after 20 years 


2. 20% of light-duty trucks are on the road after 
24 years 


3. 20% of heavy-duty vehicles are on the road 
after 34 years 


Rate of  Fleet Turnover 
and Displacement
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Light-duty fleet turnover is shown below in Figure 6 with a range of new vehicle sales and with and without 
accounting for vehicle scrappage. After 29 years, new vehicle sales are estimated to replace 98% of the 2021 
vehicle population.17 Various lessor technology migration rates are shown for reference. 


17 California DMV registrations find 22-24-year light-duty fleet turnover.
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3.1 EV ADOPTION RATES ARE 
INCREASING, BUT EVS ARE NOT 
EXPECTED TO DOMINATE THE FLEET


Figure 7 shows the EV (electric and PHEV) migration 
trend into the market reaching 6.6% by the second 
quarter of 2022. All indications are that EV sales 
will continue to grow, and we examine various 
projections in more depth later in this report. 


In short, the mix of light-duty EV sales has moved 
from 80% cars in Q1 2020 to 32% cars in Q2 2022, 
while the share of utility vehicles in the EV mix 
grew from 20% to 65%, roughly approximating the 
current mix of all new light-duty vehicle sales. As this 
portion of the market shifts from cars to SUVs and 
trucks, hybrid and PHEV sales will likely strengthen 
while EV sales soften. The existing trend captures 
important consumer acceptance rates and product 
availability as well as the influence of federal and 
state incentives. Growth in the total number of new 
EV and hybrid models since 2021 partially explains 
the recent EV growth shown.



https://www.eia.gov/todayinenergy/detail.php?id=51218





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


25


20% of current vehicles 
will still be on the road in 
20 years or more, across 
all vehicle classes. 
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A major influencer for EV sales, and all higher fuel economy vehicles, is prevailing fuel prices. There is a strong 
correlation between gasoline price increases and increased EV sales. As shown in Figure 8, higher fuel prices 
have historically led to higher fuel economy, which significantly reduced the nation’s energy consumption 
and GHG emissions. High fuel prices strongly influence the sale and operation of vehicles with lower fuel 
economies (e.g., SUV and pickup trucks), whereas EV mandates more heavily influence vehicles with higher 
fuel economies (e.g., cars and crossover vehicles). In addition to fuel prices, the Obama-era corporate average 
fuel economy (CAFE) regulations, which targeted 54.5 miles per gallon (mpg) by 2025, spurred greater hybrid 
vehicle availability after 2014, enhancing the consumer hybrid purchasing response to higher fuel prices. 
Accordingly, EV mandates have less of an impact on fuel-use and GHG emissions reductions than high  
gasoline prices. 
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https://www.anl.gov/esia/light-duty-electric-drive-vehicles-monthly-sales-updates
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Figure 9 provides a national EV sales perspective with 
three AEO years shown. The AEO reflects existing law 
and regulation at the time of generation, and changes 
in CAFE standards between recent administrations 
have been a major driver of change between the 
different AEOs. We have chosen to exclude the 
data from 2020 and 2021 because these years are 
impacted by the COVID-19 pandemic and the change 
in CAFE standards between the Trump and Biden 
administrations. The 2022 AEO closely fits two years 
of historic trend, and we note that the observed 2022 
EV sales as a percent of total new vehicle sales may 
be artificially elevated due to the current inflationary 
period (which reduced new vehicle ICEV sales) and 
continued recovery from COVID-19 (which caused a 
computer chip shortage that has depressed new  
car sales).
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https://www.autosinnovate.org/posts/papers-reports/get-connected-ev-report-2022-q2 
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Per the 2022 AEO Reference Case, the turnover rate for llight heavy-duty, medium heavy-duty, and heavy 
heavy-duty vehicles is currently 19 years based on total projected new heavy-duty vehicle sales and 2021 
vehicle population. Figure 10 below shows this 19-year turnover rate, indicating that new vehicle sales will 
replace the entire 2021 vehicle population in 2039. Also shown is the vehicle turnover rate assuming that 
a new technology represents 100%, 50%, 25%, and 10% of new vehicle sales. EV migration will most likely 
happen in the light heavy-duty vehicles (classes 3-4) and medium heavy-duty vehicles (classes 5-6). EVs are 
currently mandated for California heavy heavy-duty transit buses, and some other states are in trials with 
heavy-duty transit EV buses. Presently, however, medium- and heavy-duty (M&HD) EVs cost four times more 
than their diesel counterparts.18 Hence, M&HD projections are contingent on governmental mandates  
and subsidies.


18 Diesel Technology Forum / Biofuels offer emissions solution for medium, heavy-duty trucks.
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Source: EIA AEO 2022 Reference Case 



https://biodieselmagazine.com/articles/2518246/biofuels-offer-emissions-solution-for-medium-heavy-duty-trucks

https://www.eia.gov/outlooks/aeo/data/browser/#/?id=58-AEO2022&region=0-0&cases=ref2022&start=2020&end=2050&f=A&linechart=&ctype=linechart&sourcekey=0
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4.1 GHG EMISSIONS VARY BY FUEL 
SOURCE AND VEHICLE TECHNOLOGY


According to EPA Fuel Economy Trends Reports, the 
2021 weighted population average light-duty cars 
and trucks have reduced their CO2 emissions per mile 
95% from 1975 levels and 30% from 2000 levels.19  
The existing fleet’s GHG emissions are estimated for 
the 2021 AEO Reference Case shown in Figure 11.  


19 EPA / Explore the Automotive Trends Data.


In 2020, cars and trucks represented 74% of the total 
emissions, M&HD (classes 3-6) trucks were estimated 
at 6%, and HDV (classes 7-8) trucks were at 20%. 
The VISION model (developed by Argonne National 
Laboratory to estimate energy use and carbon 
emission impacts) offers graphs by decade, masking 
some of the individual year trends. This model is not 
as responsive to real-time fuel usage as other models 


Existing Fleet 
Emissions and 
Benefits of 
Incremental 
Improvement
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https://www.epa.gov/automotive-trends/explore-automotive-trends-data#SummaryData





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


30


(such as the AEO). Additionally, due to the timing, 
the effects of the COVID-19 pandemic (declines in 
vehicle miles traveled and fuel demand) were not 
modeled. Generally speaking, however, the declines 
shown in Figure 11 largely can be attributed to higher 
fuel prices since 2004, combined with higher fuel 
economy regulations taking full effect by 2016, which 
contributed to improved fleet fuel economy.


To better focus attention on priority segments 
of the market, it is important to understand that 
EVs are currently offered in cars, crossovers, and, 
starting in 2022, pickup truck models. These 
vehicles have the lowest energy requirements (and 
lowest CO2 emissions), which better fit the current 
battery profile. PHEVs are expanding into heavier 
pickups and vans with higher energy requirements. 
Conventional gasoline hybrids, which do not 
qualify as ZEVs, are expanding into larger, more 
energy-consuming vans, SUVs, and pickups. These 
conventional hybrids are competing with EVs.


Car Light truck Medium-heavy vehicles (classes 3-6) Heavy-duty vehicles (classes 7-8)


FIGURE 11. ON-ROAD VEHICLES GHG EMISSIONS
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GHG emissions reductions are a key justification for policies mandating the switch to EVs. The carbon intensity 
(CI)—or GHG emissions reduction potential—of the power used to fuel EVs, however, varies widely by source 
of power generation. Take California as an example, where power plant GHG emissions are varied but typical 
EV recharge times and associated emissions are narrow. The statewide varied power plant emissions have 
an annual average CI of 75.93 grams of CO2e per megajoule of energy (g/MJ). During the early hours of the 
morning when utilities (like the Sacramento Municipal Utility District, SMUD, exemplified in Figure 12) offer a 
low-cost 10% discount for EV recharge rates, California’s power-generation emissions average 82.96 g/MJ. 
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https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/fuelpathways/comments/tier2/2021_elec_update.pdf
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Figure 13 provides a generic national perspective on 
power plants operational throughout the day. The 
energy demand changes by hour and by season. 
Utilities will encourage off-peak EV charging and 
discourage EV charging during the peak demand 
either through the application of higher rates or 
through slower charging power. To a large extent, 
PHEVs and EVs will be able to utilize power at off-
peak times (and at lower rates), hence drawing on 
and increasing demand for baseload grid capacity 
generated from nuclear, coal, natural gas, and/
or imports. Lower carbon EV charging will be a 
challenge for the eight states that use coal for more 
than 50% of their electricity today.20 


20 According to the Center for Strategic & International Studies (CSIS), coal represents 50% or more of power generation in West Virginia, Wyoming, Missouri, Kentucky, 
Utah, North Dakota, Indiana, and Nebraska. Phasing out Coal from U.S. Electricity Increasingly a Regional Challenge.
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https://www.csis.org/analysis/phasing-out-coal-us-electricity-increasingly-regional-challenge

https://world-nuclear.org/information-library/non-power-nuclear-applications/transport/electricity-and-cars.aspx
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Nationwide, the range of power-generation emissions is also extremely varied. The variability of power-
generation GHG emissions creates an added layer of complexity when seeking to compare GREET life cycle 
analyses for various biofuel options alongside a single national average CI value for electricity.  The outlook for 
future emissions from ICEVs will depend on the type of feedstocks used to generate renewable fuels. Likewise, 
the GHG benefits of EVs depend on the CI of the power grid and external factors such as temperature. Figure 14 
shows the latest GHG emission comparisons with a range of ICEV versus EV feedstocks. The ICEV baseline is 
a 36.5 mpg gasoline for comparison with all ZEV-equivalent vehicles.21 The 87.5 miles per gallon equivalent 
(mpge) EV has 68% lower GHG emissions than the gasoline-powered ICEV in warm weather and 38% lower 
emissions in cold weather.22 FFVs fueled with E85 (fuel containing up to 83% ethanol blended with gasoline) 
and diesel ICEVs fueled with RD are shown to have similar or greater GHG emissions reductions to EVs 
powered with U.S. grid electricity. Hydrogen fuel cell electric vehicles’ GHG emissions also vary depending on 
whether they are fueled with compressed or liquified hydrogen. 


21 Included is an EV Cold Weather case that captures EVs’ 39% reduced fuel economy in cold weather compared to a 15% reduced fuel economy for gasoline powered 
ICEVs. Sources: AAA / Icy Temperatures Cut Electric Vehicle Range Nearly in Half  and  U.S. Department of Energy / Fuel Economy in Cold Weather.


22 Because EVs do not use liquid fuel, their fuel economy is represented as miles per gallon equivalent (mpge), representing the number of miles the vehicle can travel 
using the same energy content as a gallon of gasoline. One gallon of gasoline has the energy equivalent of 33.7 kWh of electricity. Importantly, the mpge measurement 
accounts for the energy used from the consumer’s wall outlet; it does not account for the 50% power plant and distribution losses. 


Warm Cold


FIGURE 14. GHG EMISSION DIFFERENCES FROM A LIGHT-DUTY GASOLINE VEHICLE IN WARM AND 
COLD WEATHER


Source: 2022 GREET and 2021 GREET


EV
C


O
A


L


D
IE


S
EL


U
.S


. 
M


IX


B
2


0
 D


IE
S


EL
S


O
Y


G
A


S
O


LI
N


E
U


.S
. 


M
IX


FF
V


 C
O


R
N


/
S


U
G


A
R


C
A


N
E


FC
EV


 G
A


S
/


LI
Q


U
ID EV


U
.S


. 
M


IX EV
C


A
 M


IX
 


R
EN


EW
A


B
LE


D
IE


S
EL


 (
R


D
1


0
0


)


P
A


LM
 


B
IO


D
IE
S
EL


S
O


Y
B


EA
N


 
B
IO


D
IE
S
EL


R
A


P
ES


EE
D


 
B
IO


D
IE
S
EL


U
S


ED
 C


O
O


K
IN


G
 O


IL
 


B
IO


D
IE
S
EL


A
N


IM
A


L 
FA


TS
 


B
IO


D
IE
S
EL


C
O


R
N


 
ET


H
A
N
O
L


S
U


G
A


R
C


A
N


E 
ET


H
A
N
O
L


S
U


G
A


R
 B


EE
T 


ET
H
A
N
O
L


GH
G 


em
iss


io
ns


 (g
GH


G/
m


i)


DIESEL POOL GASOLINE POOL


0


100


200


300


400


500


600


0


40


20


60


80


100


120


140


26.6 29.2 32.8 35.8 39.4 41.4 39.9 41.2 41.3


11%



https://newsroom.aaa.com/2019/02/cold-weather-reduces-electric-vehicle-range/

https://www.fueleconomy.gov/feg/coldweather.shtml





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


34


4.2 CRITERIA POLLUTANTS ARE WELL 
CONTROLLED WITH THE EXISTING FLEET 


Criteria pollutant emissions reductions are required 
to meet federal and state clean air standards.23 
To help focus attention on priority segments of 
the market for ICEV and EV criteria pollutants, we 
first examine the national environmental clean air 
requirements. NO2, SO2, and PM10 levels nationwide 
meet ambient air quality standards; except for ozone 
and PM2.5, all cities’ criteria pollutants are below the 
federal standards. Consequently, ICEV and EV criteria 
pollutant emissions reductions in these areas are not 
needed as the existing fleet emissions meet or exceed 
clean air standards and as will be shown later, will 
continue to improve.


23 Criteria pollutants include hydrocarbons (HC), carbon monoxide (CO), oxides of nitrogen (NOx), and particulate matter (PM).


24 Shown are averages based on the national average age distributions and vehicle activity including speeds, operating modes, vehicle-miles traveled fractions, starts and 
idling, temperatures, inspection/maintenance, antitampering programs, and average gasoline fuel properties in that calendar year. 


4.2.1 REPLACING “GROSS EMITTERS” FROM THE 
FLEET WILL FURTHER IMPROVE NOx AND PM2.5


Figures 15 and 16 display national average 
emissions rates for NOx and PM2.5, respectively, for 
the fleet of vehicles per calendar year.24 Criteria 
pollutants have been mitigated via engine and 
aftertreatment capture system improvements as 
well as through fuel chemistry (such as ultra low 
sulfur diesel, (ULSD)). All vehicle emissions, except 
for motorcycles, are reduced 85-90% from 2000-2022 
and by 2030 are projected to be reduced by 88-94%. 
Since 2000, the NOx emission rate from gasoline cars 
has been reduced by 92%, and by 2030 this rate is 
projected to be 98% lower than the 2000 baseline. 
Since 2000, NOx and PM2.5 emission rates from 
the fleet of heavy-duty diesel vehicles have been 
reduced 85% and 91% respectively. 
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FIGURE 15. ESTIMATED NATIONAL AVERAGE NOx EMISSIONS RATES PER VEHICLE USING GASOLINE AND DIESEL
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Source: EPA, Office of Transportation and Air Quality, pers. comm., Apr. 30, 2021. 



https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.bts.gov%2Fsites%2Fbts.dot.gov%2Ffiles%2F2021-06%2Ftable_04_43_060821.xls&wdOrigin=BROWSELINK
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BOTTOM LINE: THE FLEET IS 
CONTINUING TO GET CLEANER. REMOTE 
VEHICLE EMISSION TESTS FIND 50% OF 
THE FLEET’S EMISSIONS COME FROM 
11% OF THE VEHICLES.25 REMOVING 
THESE 11% “GROSS EMITTERS” AND 
REPLACING THEM WITH CLEANER 
VEHICLES IS A WELL-KNOWN AND 
ADVISABLE AIR QUALITY IMPROVEMENT 
STRATEGY. TODAY’S ICEV FLEET 
EMISSIONS ARE APPROACHING EV 
EMISSION RATES, AND ICEV EMISSIONS 
WILL CONTINUE TO BE REDUCED INTO 
THE FUTURE AS THE ICEV FLEET GETS 
CLEANER AND MORE FUEL EFFICIENT.


25 TRUE Initiative / New Report: Real-world emissions of US vehicles increase with age, says 60m dataset - The Real Urban Emissions Initiative.


4.2.2 PARALLELS BETWEEN CRITERIA 
POLLUTANT REDUCTIONS AND GHG 
REDUCTIONS


The success of criteria pollutant reduction in ICEVs 
can offer some insights into reducing GHG emissions 
in those same vehicles. Criteria pollutant reductions 
were a result of cleaner fuels and cleaner vehicle 
technology. Similarly, low-carbon fuels enable lower 
GHG vehicle emissions from ICEVs. Into the future, 
capturing refinery emissions and increased use of 
higher efficiency engines and hybrid powertrains 
can further lower vehicles’ GHG emissions and 
enhance GHG reductions from existing fuels such as 
RD and ethanol. 
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Source: EPA, Office of Transportation and Air Quality, personal communication, Apr. 30, 2021. 



https://www.trueinitiative.org/blog/2020/october/new-report-real-world-emissions-of-us-vehicles-increase-with-age-says-60m-dataset

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.bts.gov%2Fsites%2Fbts.dot.gov%2Ffiles%2F2021-06%2Ftable_04_43_060821.xls&wdOrigin=BROWSELINK
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According to the IPCC, anthropogenic 
CO2 makes up 5% of the CO2 inflow 
into the atmosphere (with natural CO2 
making up the remaining 95%), and 
U.S. energy use accounts for 13.9% 
of worldwide anthropogenic CO2 
emissions.26 In the U.S., transportation 
contributes 33% and electrical power 
generation contributes 31% to our 
national CO2 emissions. 
Figure 17 shows the breakout of estimated U.S. 
anthropogenic CO2 sources. 


26 BP / Statistical Review of World Energy.
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Total U.S. emissions in 2020 = 5,981 million metric tons of CO2 equivalent 
(excludes land sector). Percentages may not add up to 100% due to 
independent rounding.  
Source: Overview of Greenhouse Gases | EPA 
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https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2022-full-report.pdf

https://www.epa.gov/ghgemissions/overview-greenhouse-gases
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5.1 BENEFITS OF DECARBONIZING  
THE EXISTING ICEV FLEET 


A key implication of the long atmospheric lifetime of 
CO2 and methane is that near-term steps to reduce 
these emissions play a critical role in limiting the 
expected increase in average global temperature 
attributable to these emissions. As light-duty 
vehicles in the U.S. are typically on the road for 
15 to 20 years, capturing the potential emissions 
reductions from decarbonizing the fuels used 
in current  and future ICEVs in the U.S. fleet is a 
powerful tool for mitigating the potential impacts 
of GHG emissions.27 Decarbonizing the current ICEV 
fleet can reduce emissions much more rapidly than 
is possible from the gradual conversion of the fleet 
to EVs over the timeframe of this study. 


One real-world example of biofueled ICEVs’ potency 
to reduce GHG emissions is available through 
California’s Low Carbon Fuel Standard (LCFS). 
This program quantifies the GHG reductions from 
alternative-fueled vehicles including ZEVs and from 
biofuels used to meet the state’s transportation fuel 
GHG reduction goals. As shown in Figure 18, 83% of 
the program’s cumulative GHG reductions to date 
have come from biofuels and 16% from ZEVs.28 


27 EPA / Draft Technical Assessment Report: Midterm Evaluation of Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel Economy 
Standards for Model Year 2022-2025.


28 CARB uses a modified version of the widely used GREET model adjusted to better reflect California power plants and refining emissions.


 New York 6% 
 New Jersey 4%
 Illinois 3%
 Pennsylvania 3% 
 Michigan 3%
 Ohio 3%
 Washington 3% 
 Georgia 2%
 North Carolina 2% 
 Massachusetts 2%
 Arizona 2%
 Virginia 2%


0%


More than 25 years


21 to 25 years


16 to 20 years


11 to 15 years


6 to 10 years


0 to 5 years


Biomethane
9%


2030 PLUG-IN VIO FORECAST BY STATE


Renewable
Diesel
29%


Biodiesel
14%


Ethanol
31%


Electricity
16%


Fossil Natural Gas
1%


FIGURE 18. MOBILE SOURCE CUMULATIVE GHG 
REDUCTIONS TO DATE


Source: Low Carbon Fuel Standard Reporting Tool Quarterly 
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https://nepis.epa.gov/Exe/ZyPDF.cgi/P100OXEO.PDF?Dockey=P100OXEO.PDF

https://nepis.epa.gov/Exe/ZyPDF.cgi/P100OXEO.PDF?Dockey=P100OXEO.PDF

https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-standard-reporting-tool-quarterly-summaries

https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-standard-reporting-tool-quarterly-summaries
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In the absence of a large EV fleet, biofueled ICEVs 
are reducing GHG emissions now. Figure 19 shows 
that, cumulatively through 3Q2022, biofueled ICEVs 
have contributed four times more GHG emissions 
reductions than EV technologies under California’s 
LCFS program. Biofueled ICEVs will continue to 
dominate GHG reductions and complement EVs’ 
GHG reductions due to biofuels’ competitive CI 
values relative to U.S. average grid power. The 
real-world example of California’s LCFS program 
demonstrates how biofuels can be employed over 
broad and more energy intensive transportation 
applications while reducing GHG emissions.
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FIGURE 19. CUMULATIVE GHG REDUCTIONS FROM BIOFUELED ICEVs VS. EVs


Electricity cumulative Biofueled ICE cumulative


Source: Low Carbon Fuel Standard Reporting Tool Quarterly Summaries | California Air Resources Board
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https://ww2.arb.ca.gov/resources/documents/low-carbon-fuel-standard-reporting-tool-quarterly-summaries
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Stillwater completed a study evaluating 10,000 
medium- and heavy-duty vehicles' GHG reductions 
available now via ICEVs fueled with biofuels versus 
the slower introduction of M&HD EVs. Figure 20 
shows the assumed biofuels and EV technology 
migration rates. Given these assumptions, by 2032, 
ICEVs fueled with 100% renewable diesel (RD100) 
would achieve cumulative GHG reductions four 
times greater than those achieved by EVs, and ICEVs 
fueled with 20% BD blended with 80% petroleum 
diesel (B20) would match the M&HD EVs’ cumulative 
GHG reductions. The seven-year projection 
represented in Figure 20 uses fixed GREET 2021 CI 
values for both liquid fuels and power plants.29 The 
green lines representing EV fleet emissions decline 
because of increasing EV penetration into the 
medium- and heavy-duty fleet.


29 The 2021 GREET CI values used were 122 U.S. mix, 33 for RD100, and 30 for BD100 (all values in gCO2e/MJ).


GASOLINE
(CONVENTIONAL)


26.6 29.2 32.8 35.8 39.4 41.4 39.9 41.2 41.3


$52,500 $54,568
$69,262


$57,067 $54,200 $60,390


32 samples > 4,000Based on current adoption 
trend & states where BEVS 
are operated, it is expected 
that BEVS are less carbon 
intense than ICE vehicles after 
19,000 miles of operation


Based on current adoption trend & states 
where BEVS are operated, it is expected 
that BEVS are less carbon intense than 
ICE vehicles a�er 19,000 miles of 
operation


228.15
88.7%


200,000


300,000


400,000


500,000


600,000


700,000


800,000


2
0
2
2


2
0
2
3


2
0
2
4


2
0
2
5


2
0
2
6


2
0
2
7


2
0
2
8


2
0
2
9


2
0
3
0


2
0
3
1


2
0
3
2


66


2008 20102009 2011 20142013 20152012 2016 2017 2018


$52,654


GH
G 


em
iss


io
ns


 (M
T/


ye
ar


)


0%


20%


40%


60%


80%


100%


0%


20%


40%


60%


80%


100%


18%


16%


14%


12%


10%


8%


6%


4%


2%


0%


FIGURE 20. MEDIUM- AND HEAVY-DUTY VEHICLE ANNUAL GHG EMISSION SCENARIO (2022-2032)


Diesel fleet BAU EV CA mixB20 diesel fleet RD100 + BD EV U.S. mix


Source: Stillwater assessment using 2021 GREET and EPA MOVES3 assumptions
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Broadening our view from the small heavy-duty fleet example presented in Figure 20, Stillwater examined the 
larger light- and medium-duty vehicle fleet. The AEO projects the gasoline-fueled fleet declining over future 
years with increasing EVs. Figure 21 shows the assumed biofuels and EV technology migration rates for the 
light- and medium-duty fleet in EIA’s AEO 2022 Reference Case. Given these assumptions, if gasoline with 15% 
ethanol (E15) replaced gasoline with 10% ethanol (E10) in light- and medium-duty vehicles starting in 2024, 
by 2032 ethanol would provide twice the cumulative GHG reductions as EVs over the decade. Importantly, 
the heavy-duty fleet scenario represented in Figure 20 remains fixed at 10,000 vehicles. Conversely, based 
on AEO projections, the light- and medium-duty fleet scenario represented in Figure 21 shows a decline in 
ICEV population and fuel usage over the next decade as EVs displace ICEVs over time. This is reflected in the 
downward trend line for all three fuels shown in Figure 21.
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This section will evaluate and compare 
the life cycle carbon emissions of various 
ICE fuel options as well as pending 
developments that could reduce their 
carbon intensity over time. We will 
focus our evaluation on ICEV fueling 
options including petroleum-based 
fuels (gasoline and diesel), biofuels, 
natural gas (including renewable natural 
gas), hydrogen, e-fuels, and propane 
(including renewable propane).
 


30 U.S. Department of Energy (DOE) Alternative Fuels Data Center (AFDC) / E15.


6.1 DEFINITION OF  
TRANSPORTATION FUELS


The mix of transportation fuels currently  
available to fuel ICEVs are made from several 
fossil and renewable sources. As a baseline, 
conventional gasoline and diesel are created using 
the feedstock portions shown in Table 4. In the 
sections that follow, we explore GHG-reducing  
ICEV fuel options displacing petroleum gasoline  
and diesel use today as well as GHG-reducing 
options under development. 


6.1.1 ICEV FUEL ING ALTERNATIVES


Alternative (nonpetroleum) fuels which may be 
used in ICEVs include ethanol, biodiesel (BD), and 
renewable diesel (RD). Ethanol and BD are blended 
with gasoline and petroleum diesel, respectively, 
before being used as a transportation fuel. RD, 
however, is a drop-in renewable fuel which is 
molecularly identical with petroleum-derived diesel 
and is therefore compatible with existing ICEVs 
without blending or engine modifications. BD and 
ethanol fuels are generally limited to low blends: 
20% for BD (B20) and 10% for ethanol (E10). In 2011 
EPA approved E15 use in light-duty conventional 
vehicles of model year 2001 and newer.30


Evaluation and 
Comparison of  Life 
Cycle Emissions of 
ICEV Fuel Options


TABLE 4. FEEDSTOCKS USED TO PRODUCE GASOLINE 
AND DIESEL


FEEDSTOCK COMPOSIT ION 


Petroleum 85%
Natural Gas 14%
Coal 1%


Sources: 2022 GREET and Choose Energy, Electricity Generation by State, 
October 2022



https://afdc.energy.gov/fuels/ethanol_e15.html

https://www.chooseenergy.com/data-center/electricity-sources-by-state/

https://www.chooseenergy.com/data-center/electricity-sources-by-state/
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6.1.2 ALTERNATIVE -FUELED VEHICLE  
FUEL ING OPTIONS


Alternative-fueled vehicles (AFVs) have varying 
levels of modifications to the engine, vehicle fuel 
tank, and/or retail fuel distribution system which 
differentiate them from traditional ICEVs. EVs, 
hydrogen fuel cell electric vehicles (FCEVs), propane- 
and natural gas-powered ICEVs are today’s dedicated 
AFVs. Flexible-fueled vehicles (FFVs) are unique 
alternative-fueled vehicles that have engines and 
fuel tanks designed to run on any blend of gasoline 
up to E85 fuels. However, E85 does require  
a dedicated retail fuel station dispenser. 


6.2 EXAMINING ALL LOW-CARBON 
OPTIONS 


Stillwater examined the 66 transportation fuel 
sources evaluated in GREET and grouped them 
under 10 major fuels from 41 fuel sources shown 
below. Figure 22 shows the GHG reductions potential 
from these existing transportation fuel options 
relative to gasoline at 90 grams of carbon dioxide 
equivalent per megajoule (gCO2e/MJ or simply  
g/MJ). We restricted the list of fuel options to 
those that provide GHG reductions similar to or 
greater than EVs fueled with U.S. mix electricity 
(excluding coal). GHG-reducing options currently 


FIGURE 22. LOW-CARBON FUEL OPTIONS AVAILABLE FOR TRANSPORTATION FUELS 


Source: GREET 2021 & 2022. Assumes EV EER of 2.4 and FCEV 1.7. 


Ethanol (E100)


Liquid petroleum gas Fischer-Tropsch diesel


Pyrolysis gasoline


Renewable diesel
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available include fuels like BD, ethanol, and RD 
from at least 24 biofuel sources that can be supplied 
and consumed with existing infrastructure and 
vehicles today. Note: The fuels listed in Figure 22 are 
unblended; blend restrictions exist for BD  
and ethanol.


Figure 23 shows the three most prevalent biofuels 
in use since 2000. The 2022-2050 projection uses the 
EIA AEO 2022 Reference Case as a baseline; Stillwater 
estimated the historic (2011-2021) EV energy use 
to augment the 2022-2050 projection by using 
new vehicle sales provided by Oak Ridge National 
Laboratory.31 


31 Bureau of Transportation Statistics / Hybrid-Electric, Plug-in Hybrid-Electric and Electric Vehicle Sales.


The two ZEV projections (which include BEV, PHEV 
and FCEVs) use the 2021 and 2019 AEO Reference 
Cases. The ZEV projections show ZEV energy use 
increasing significantly by 2050 but remaining below 
current levels of biofuel energy use. This is due in 
part to biofuel use in larger vehicles (i.e., medium- 
and heavy-duty renewable diesel- and biodiesel-
fueled vehicles) compared with EV penetration in 
predominantly smaller vehicles, which use less 
energy per vehicle. It is important to note that the 
2022-2050 biofuels projection is not significantly 
different from the current numbers for U.S. feedstock 
use and biofuel production. However, demand may 
be expanded into new sustainable aviation  
fuels markets.  
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FIGURE 23. HISTORICAL AND PROJECTED LIGHT-DUTY VEHICLE BIOFUEL AND EV ELECTRICITY USE 


Ethanol Biodiesel


Low ZEV projection (2022 AEO) High ZEV projection (2019 AEO)


Renewable diesel


Source: EIA AEO 2022, Table 10.2c; Oak Ridge National Laboratory, Transportation Energy Data Book Edition 40, Table 6.02; EIA AEO 2022, Table 17


Other biofuels



https://www.bts.gov/content/gasoline-hybrid-and-electric-vehicle-sales

https://www.eia.gov/totalenergy/data/browser/?tbl=T10.02C#/?f=M

link to https://tedb.ornl.gov/data/

https://www.eia.gov/outlooks/aeo/data/browser/#/?id=24-AEO2022&cases=ref2022&sourcekey=0
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From this data, we can begin to determine the cumulative national vehicle GHG reductions from 2000 
onward. But we must draw on a few additional key variables. Each fuel’s carbon intensity (CI) value is of 
utmost importance. We determine the CI of each fuel based on the 2022 GREET values, as shown in Table 5. 
Note that energy economy ratios (EERs) are used in combination with the U.S. average utility CI to determine 
the CI for EVs.32


32 Electricity is sold as kWh and is divided by 3.6 to convert kWh into MJ. It is then divided by the higher energy efficiency of EVs versus gasoline (2.5 EER) to yield the 
GREET values shown in Table 5.


TABLE 5. FUEL CARBON INTENSITY ASSUMPTIONS


FUEL  TYPE CARBON INTENSITY (gCO2e/MJ) EER -ADJUSTED CARBON INTENSITY 
(gCO2e/MJ)


Gasoline (E0, E10, E15) 93, 91, 89
Diesel 91
Natural Gas (CNG / LNG) 75 / 77
Ethanol (100%) 57
Ethanol (E85) 64
Biodiesel (B20) 80
Biodiesel (100%) 36
Renewable Diesel (100%) 34
Electricity (U.S. mix) 130 Light Duty, 33; Heavy Duty, 33
Hydrogen (gas / liquid) 93 / 134 Light Duty, 48 / 69; Heavy Duty, 44 / 64
Propane 79


Note: Uses a 2021 sales-weight average technology share to GREET fuel economy estimates, to determine LD EV EER of 3.9 and 1.9 FCV. The simple 
average of GREET 2022 LM&H duty vehicle EERs is 3.9 and 2.1 for EVs and FCEVs, respectively.


Source: 2022 GREET model 


TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS



https://greet.es.anl.gov/greet.models





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


46


It is also important to incorporate fuel economy 
when calculating emissions reductions. Table 6 
shows the current range of vehicle fuel economy 
estimates used to compare vehicle fuel economy and 
GHG emissions through 2035. According to EPA’s fuel 
economy trends report in 2021, the median gasoline 
car sold had a fuel economy of 30.91 mpg.33 By 2025, 
the median gasoline car mpg is projected to reach 
the same fuel economy value as the current gasoline 
hybrid. In addition, the 2022 AEO uses higher fuel 
economy estimates for all vehicles compared to 
GREET; the 2022 AEO estimates are closer to GREET’s 
hybrid vehicle fuel economy.34


33 EPA / The EPA Automotive Trends Report.


34 Because EVs do not use fuel, their fuel economy is represented as miles per gallon equivalent (mpge). This is similar to mpg, but it represents the number of miles the 
vehicle can go using a quantity of fuel with the same energy content as a gallon of gasoline. One gallon of gasoline has the energy equivalent of 33.7 kWh of electricity.


35 Carbon dioxide equivalent, or CO2e, is a measurement used to compare the emissions from various greenhouse gases (GHGs) on the basis of their global warming 
potential (GWP) by converting amounts of other gases to the equivalent amount of carbon dioxide with the same GWP.


We then converted this historical and projected 
biofuel and electricity usage, fuel CIs, and vehicle 
fuel economy into displaced gasoline or diesel 
gallons as appropriate, with a nominal CI value 
applied to each fuel to estimate the carbon dioxide 
equivalent CO2e35 emissions and reductions for 
biofueled ICEVs and alternative-fueled vehicles 
shown in Table 7.


TABLE 6. LIGHT-DUTY VEHICLE FUEL ECONOMIES 


TABLE 7. CUMULATIVE NATIONAL VEHICLE GHG REDUCTIONS STARTING FROM 2000


2021 MPG (GREET ) 2021 MPG (2022 AEO) 2035 MPG (2022 AEO)


FCEV (mpge)32 61.48 52.95 51.62
BEV (mpge) 87.42 95.75 100.04
Gasoline 30.08 35.29 37.03
Gasoline Hybrid 36.47 50.64 52.70


YEAR BIOFUELED ICEVs 
( INCLUDING AFVs ) AFVs  PROPANE & CNG ELECTR IC VEHICLES & H2


2021 99% 1% 0.94%
2035 88-81% 0.9-0.8% 11.9-20%
2050 76-68% 0.9-0.7% 24-32%


Source: 2022 GREET, 2022 AEO Reference Case Fuel Economy


Note: Values may not total 100% due to rounding errors.  
Source: Stillwater Associates analysis of EIA AEO 2022, Table 10.2c, GREET 2022 CI values used



https://www.epa.gov/automotive-trends

https://www.eia.gov/totalenergy/data/browser/?tbl=T10.02C#/?f=M
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7.1 PETROLEUM GASOLINE AND  
DIESEL PRODUCTION


As highlighted in our overview of the time required 
to turn over the on-road fleet, it is expected that 
petroleum-derived fuels will comprise a substantial 
share of transportation fuel demand for the next few 
decades. Accordingly, opportunities to reduce the 
GHG emissions associated with these fuels will be 
key in reducing the overall GHG footprint associated 
with transportation. 


Here we focus on potential developments which 
could reduce the carbon intensity associated with 
the production and distribution of hydrocarbon 
gasoline and diesel (well-to-pump, or WTP). 
Potential developments which may impact the 
carbon emissions downstream of the pump, 
primarily those associated with the combustion of 
these fuels, alone or in blends with renewable fuels, 
will be discussed later in this report.


36 Argonne National Laboratory / GREET 2022.


37 1 mmBTU = 1,054.5 MJ.


The current value of the components of carbon 
emissions through this portion of the value chain are 
estimated in the GREET model36 as follows:


• Crude oil production and transport to 
refineries – 8,329 grams of CO2 equivalence per 
million BTU (gCO2e/mmBTU) or 7.90 grams of 
CO2 equivalence per megajoule37 (gCO2e/MJ), 
based on the current U.S. average crude oil mix 
transported to U.S. refineries.


• Energy consumed in the refining process 
(thermal and mechanical) plus transport 
of refined gasoline and diesel from the 
refinery to the distribution terminal – 16,760 
gCO2e/mmBTU or 15.89 gCO2e/MJ for gasoline 
blendstock (the Before Oxygenate Blending 
used for production of E10 gasoline blends) and 
8,293 gCO2e/mmBTU or 7.86 gCO2e/MJ for ultra-
low sulfur diesel (ULSD), both produced at U.S. 
refineries to meet U.S. specifications.


Pending Developments 
Which May Influence 
the Life Cycle 
Emissions of 
ICEV Fuel Options



https://greet.es.anl.gov/
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A comparison of the energy consumption and GHG 
emissions associated with the production and use  
of petroleum gasoline and diesel is presented in  
Figure 24. As can be seen in this figure, energy 
consumption and GHG emissions for both gasoline 
and diesel primarily occur with their end use. 
Further, gasoline refining consumes more energy 
and emits more GHGs than diesel refining, while 
diesel engines are more efficient at converting fuel 
energy into miles traveled.


7.1.1 CRUDE PRODUCTION AND 
TRANSPORT


The primary sources of emissions associated with 
this portion of the value chain are the energy 
(thermal and mechanical) utilized in producing the 
crude and transporting it to market, those from 
the flaring of associated gas, and fugitive losses of 
volatile hydrocarbons. 


38 Some crude producers in California currently take advantage of these energy sources to earn LCFS credits.


Currently, the energy requirements in the crude 
field are largely met through combustion of natural 
gas and distillates to generate steam and electricity 
required at the wellhead. Increasing regulation of 
carbon emissions, however, is driving the industry 
toward increasing utilization of renewable energy 
such as solar thermal for steam production and solar 
photovoltaic and wind for power generation.38 


Flaring and fugitive emissions associated with crude 
production are estimated in the GREET model as 
contributing 1,083 gCO2e/mmBTU out of the 8,329 
gCO2e/mmBTU of GHG emissions associated with 
crude oil production and transport. Economically, 
these emissions are controlled by the market value 
of any product consumed in flaring or lost through 
evaporation; increasing global market values for 
these commodities, particularly natural gas, provide 
incentive to minimize these emissions.  
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FIGURE 24. ENERGY CONSUMPTION AND GHG EMISSIONS FROM PRODUCTION AND USE OF GASOLINE 
AND DIESEL
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Source: GREET model, Stillwater analysis
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Additionally, regulations in the U.S. and other crude-
producing countries can be expected to mandate 
reductions in these losses going forward.


In summary, increasing commercial value of 
crude oil and natural gas as well as more stringent 
environmental regulations can be expected to 
maintain or reduce carbon emissions associated 
with crude oil production and transport even as 
production shifts to more energy-intensive  
crude production.


7.1.2 REF INING AND DISTRIBUTION


GHG emissions associated with the conversion 
of crude oil to petroleum gasoline and diesel at 
refineries are primarily due to the combustion of 
fossil fuels to generate heat required by refining 
processes and to produce high-pressure steam to 
drive large pumps and compressors. Additionally, 
CO2 is produced in some refining processes, primarily 
the combustion of coke to regenerate the catalyst 
and provide the necessary heat of reaction in fluid 
catalytic crackers (FCCs) and in the conversion 
of natural gas and other light hydrocarbons to 
hydrogen in steam methane reformers (SMRs).  
A smaller quantity of emissions is attributable to 
electricity consumed by pumps, compressors, and 
process control devices. Additionally, distribution of 
gasoline and diesel to market requires electricity to 
operate pipelines and diesel fuel consumed by tank 
trucks and trains used to transport products  
to market.


Key boundary conditions around refinery GHG 
emissions are set by the need to consume all the 
refinery gas production, ideally in value-generating 
processes with a minimum of flaring, and the need 
to combust all the coke generated in the FCC unit. 
Within these boundary conditions, there are a 
number of steps which refineries can take to reduce 
their CO2 emissions. Historically, energy is one of the 
largest costs in operating a refinery; thus, refineries 
regularly invest in energy-saving technologies. 


Potential areas for GHG reductions from refinery 
operations include:


1.  Energy Efficiency – This includes process 
optimization, thermal integration, increased 
insulation, and elimination of steam leaks. 
These are steps refineries routinely take and can 
be expected to continue, resulting in slow but 
continuous GHG reductions.


2.  Renewable Energy – For energy requirements 
beyond those provided from combustion of 
refinery gas and FCC coke, refineries can readily 
contract for renewable electricity and renewable 
natural gas (RNG). In some cases, they may be 
able to claim environmental credits for this 
substitution, including the use of book-and-
claim accounting where these renewable energy 
sources cannot be directly supplied to the 
refinery.


3.  Carbon Capture – The use of carbon capture 
and storage (CCS) at a refinery can most readily 
be implemented at the FCC units and hydrogen 
plants  as they produce high-concentration CO2 
streams, generally in excess of any that can be 
sold to industrial gas suppliers. According to the 
GREET model, GHG emissions associated with 
the production of gasoline at U.S. refineries totals 
16,760 gCO2e/mmBTU while GHG emissions from 
production of ULSD totals 8,293 gCO2e/mmBTU. 
Of these totals, GREET finds that FCC emissions 
amount to 2,083 gCO2e/mmBTU, and those  
from hydrogen plants (SMRs) amount to an 
additional 75 gCO2e/mmBTU. Accordingly, the 
implementation  of CCS at FCCs and hydrogen 
plants would roughly offset almost 15% of GHG 
emissions associated with gasoline refining 
and nearly 30% of GHG emissions associated 
with diesel refining. The balance of refinery 
CO2 emissions is primarily produced by fuel 
combustion in heaters located in different 
process units at the plant. The CO2 present in 
the exhaust from these heaters is diluted with 
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nitrogen and other gases and, thus, requires 
a more complex cleanup process before it can 
be sent to a CO2 pipeline and sequestered. 
Implementation of CCS also requires that the 
refinery be connected to a CO2 pipeline for 
transport to an approved storage well.


4.  Electrification – Many of the larger pumps 
and compressors in refineries are powered by 
steam turbines and, thus, require the generation 
of steam in a furnace with associated CO2 
emissions. Historically, this has been done for 
capital cost and reliability considerations. For 
additional capital, many refineries have replaced 
steam turbine drivers in these services with 
electric motors to secure lower operating costs. 
The extent of the GHG reductions achievable 
through this investment is most pronounced if 
the refinery is also able to procure renewable 
electricity to drive these motors.


5.  Renewable/Low-Carbon Hydrogen – Refineries 
can reduce the carbon intensity of the hydrogen 
they consume in their operations by replacing 
the use of fossil natural gas in their SMRs with 
RNG, implementing CCS at the SMR, or by 
sourcing green hydrogen. Given the very large 
volumes of hydrogen required by most refineries, 
substantial growth in production of green 
hydrogen and steep cost reductions would be 
required for this to be a material option.


6.  Renewable Feedstocks – Even relatively small 
petroleum refineries have much larger capacity 
than the available renewable feedstocks such 
as vegetable oils, pyrolysis oils, and Fischer-
Tropsch (FT) syncrudes, and these feedstocks 
are not direct substitutes for crude oil. Thus, 
plants seeking to process renewable feedstocks 
typically need to make significant investments 
or reduce output in order to accommodate 
them on a material scale. Over time, if demand 
for petroleum fuels declines due to growing 
electrification of the vehicle fleet, renewable 


feedstocks may become a better fit for supplying 
a declining market for liquid fuels.


In summary, there are a number of options for 
refineries to incrementally decrease the carbon 
intensity of their gasoline and diesel products. 
Additionally, implementation of CCS and transition 
to renewable feedstocks can enable deeper GHG 
reductions but will be difficult to implement at the 
full scale of most refineries. Given the large demand 
for gasoline and diesel in the transportation market 
for the foreseeable future, any achievable reduction 
will result in material reductions of annual GHG 
emissions.


The implementation of any of these options could 
be significantly accelerated if governments adopted 
policies which would incentivize both capital 
and operational decarbonization measures. Such 
policies, however, come at a cost which would likely 
be borne by fuel consumers.
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Petroleum-derived 
fuels will comprise a 
substantial share of 
transportation fuel 
demand for the next 
few decades.  
 
Accordingly, 
opportunities to 
reduce the GHG 
emissions associated 
with these fuels will 
be key in reducing the 
overall GHG footprint 
associated with 
transportation.
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7.2 ETHANOL PRODUCTION


GHG emissions associated with ethanol production 
are primarily derived from growing the feedstock 
and the consumption of thermal energy in the 
ethanol production process. For corn ethanol 
produced at a U.S. dry mill with natural gas to fuel 
the process (the predominant source of supply to the 
U.S. market), these two factors are roughly equal in 
magnitude.


7.2.1 ETHANOL FEEDSTOCK PRODUCTION


Nearly all the fuel-grade ethanol currently being 
produced in the U.S. is produced from corn. The 
carbon in corn and other biomass comes from 
CO2 already in the atmosphere, rather than from 
carbon sequestered deep in the earth in the form of 
petroleum. Accordingly, the use of ethanol and other 
biofuels instead of petroleum-derived fuels serves to 
eliminate new carbon in the biosphere. Consistent 
with that, the CO2 emissions associated with the 
combustion of biofuels (often referred to as biogenic 
carbon) is ignored in the life cycle analysis for  
these fuels.39  


The major contributors to the carbon intensity of 
corn production are the diesel fuel used to power 
farm equipment and the production of nitrogen 
fertilizers used to enhance corn yields. 


The steady growth of per-acre yields of corn in 
the U.S. over the past century has meant that the 
amount of diesel fuel consumed in planting and 
harvesting each bushel has decreased. The growing 
commercial availability of BD and RD provides 
corn growers the option to significantly reduce the 
GHG emissions associated with the operation of 
their diesel-powered equipment. Additionally, the 
increase in per-acre yields means that any impacts 
of indirect land use change associated with land 
required for corn production has steadily decreased 
on a per-bushel basis. 


39 Combustion of fossil fuels in the process of growing biomass feedstocks and converting them to fuel is, however, included in the LCA.


40 EPA / Guidance on Qualifying an Analytical Method for Determining the Cellulosic Converted Fraction of Corn Kernel Fiber.


As fertilizer usage is one of the costliest inputs to 
corn production, U.S. farmers work to improve 
their agronomic practices to reduce fertilizer 
requirements. Further, seed developers regularly 
develop new corn varieties which offer improved 
efficiency, further reducing fertilizer requirements. 
Growers in the U.S. are increasingly paying attention 
to adoption of more sustainable agronomic 
practices due to demand from key customers. 
Corn and ethanol industry groups are advocating 
with regulators to recognize documented use of 
sustainable agricultural practices in renewable fuel 
regulations; if that were to occur, it would provide 
substantial additional incentives to growers of corn 
and other biofuel feedstock producers to modify 
their practices to take advantage of those incentives.


In addition to corn, a smaller share of U.S. ethanol 
production comes from grain sorghum (milo), wheat, 
and other grains. While these alternative feedstocks 
have lower per-acre yields than corn, they are also 
less fertilizer-intensive.


A small but growing share of U.S. ethanol comes 
from corn kernel fiber, which is otherwise a by-
product of corn ethanol production. By allowing 
increased ethanol production from each bushel of 
corn, corn kernel fiber ethanol effectively reduces 
the GHG emissions of ethanol production. Growth 
in corn kernel fiber ethanol production has been 
hampered by EPA being slow to grant Renewable 
Fuel Standard (RFS) pathway approval. A recent 
announcement from EPA suggests that they are 
preparing to approve additional production 
pathways.40  


In summary, GHG emissions associated with the 
production of corn and other ethanol feedstocks is 
expected to decrease over the timeframe of  
this study.



https://www.epa.gov/renewable-fuel-standard-program/guidance-qualifying-analytical-method-determining-cellulosic





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


53


7.2.2 ETHANOL PLANT OPERATIONS


Other than feedstock production, the next largest 
source of GHG emissions associated with ethanol 
production comes from energy use in the ethanol 
plant. Most of this energy comes from natural gas used 
to produce heat and steam required by the process and 
from electricity used to power mechanical equipment 
such as mills, centrifuges, and pumps.


The major demands for thermal energy in ethanol 
plants are to drive distillation, regenerate the 
molecular sieve dryers, and dry the distillers grains 
coproduct. As energy use is a major cost for ethanol 
producers, they routinely invest in plant upgrades 
to incrementally lower their energy consumption 
when the economics are favorable. Increasingly, 
lowering operational energy demands can reduce 
the ultimate CI of the ethanol, thereby increasing the 
value of the ethanol under fuel performance/low-
carbon fuel standards.


1.  Drying of Distillers Grains –The drying of the 
distillers grains with solubles (DGS) typically 
represents around two-thirds of natural gas 
usage at dry mill ethanol plants. Drying of 
the DGS to dried distillers grains and solubles 
(DDGS), a high-protein livestock feed, is typically 
required to ensure storage stability required for 
shipping long distances to market. Plants located 
close to feedlots can eliminate the drying process 
and ship the product as wet distillers grains and 
solubles (WDGS). Production of ethanol with 
WDGS instead of DDGS reduces the CI of the 
ethanol by about 17 gCO2e/MJ.41 


2.  Replace Fossil Natural Gas with RNG42  – As 
production of RNG grows, particularly in the 
Midwest, it is likely that more ethanol producers 
will take advantage of this to produce lower-
carbon ethanol.


41 Estimated based on a savings of 250,000 BTU of natural gas per mmBTU of ethanol production and fossil natural gas combustion emissions of 73,365 gCO2e/mmBTU.


42 The LCFS regulation requires plants to receive any RNG directly from the producer (“behind the meter”) in order to take credit for its use in their pathway CI. This puts 
ethanol plants at a disadvantage relative to vehicle fleets, which can take credit for RNG sourcing via book-and-claim accounting.


43 The CO2 produced in the fermenter is biogenic and, hence, does not count in the calculation of a plant’s CI. Capturing that CO2, however, does enable the plant to take 
credit for the reduced CO2 emissions.


3.  Invest in More Efficient Technologies – 
Energy-saving technologies, such as membrane 
dryers, are regularly being introduced and are 
continuously adopted by producers as they 
have funds available. This trend is expected to 
continue, resulting in continuing incremental 
reductions in plant emissions.


4.  Carbon Capture and Storage – About half of 
the CO2 produced at ethanol plants comes in 
the form of a highly concentrated CO2 stream 
produced in the fermenter.43 The chemistry of 
the fermentation process produces about 2.8 
kg of CO2 for every gallon of fuel-grade ethanol. 
Due to its high concentration, this CO2 can be 
readily captured and processed for CCS. The 
implementation of CCS on the fermenter effluent 
at a typical dry mill ethanol plant can reduce 
the CI of the ethanol by about 27 gCO2e/MJ, 
approximately equal to the carbon emissions 
associated with growing and harvesting the 
corn for that ethanol production and about 40% 
of the typical 68 gCO2e/MJ CI for U.S. dry mill 
corn ethanol. The enhanced CCS provisions of 
the Inflation Reduction Act of 2022 (IRA) and the 
growing role of programs such as California's 
LCFS provide substantial economic incentives for 
plants to make these investments.


5.  Renewable Power – Plants can obtain 
additional GHG reductions through contracting 
for supply of renewable electricity instead of 
using the local grid mix to power the plant.


Brazilian sugarcane ethanol is the second largest 
source of fuel-grade ethanol globally and its 
production results in somewhat lower GHG 
emissions than U.S. corn ethanol due to high 
per-acre yields of sugarcane and substantial 
coproduction of renewable power (from combustion 
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of the sugarcane bagasse). Use in the U.S., however, 
has generally been limited due to demand in Brazil 
and the extended logistics required to transport it 
to the U.S. market. Currently, the sugarcane ethanol 
reaching the U.S. market is primarily directed to 
California to take advantage of the LCFS credits 
available. U.S. imports of sugarcane ethanol are not 
expected to materially increase over the timeframe 
of this study.


In summary, the GHG emissions of fuel-grade 
ethanol can be expected to gradually decrease 
due to continuing optimization of both agricultural 
operations and ethanol production. A much more 
substantial reduction may be achieved if use of CCS 
at U.S. ethanol plants becomes widespread.


7.3 TANK-TO-WHEEL TRENDS FOR 
GASOLINE-ETHANOL BLENDS


As detailed earlier in this report, gasoline-ethanol 
blends will be the primary fuel for most light-duty 
ICEVs in the U.S. for many years to come. This 
includes passenger cars and light-duty trucks with 
conventional, hybrid, and PHEV drive trains. The 
previous sections cover expected trends in the well-
to-tank (WTT) portion of the life cycle for these fuels. 
This section focuses on the tank-to-wheels portion 
of the life cycle. The TTW portion of the life cycle will 
primarily be influenced by commercial deployment 
of incremental improvements and major evolution 
of ICEVs. 


7.3.1 E10 AND E15


E10 is likely to remain the largest portion of the light-
duty fuel mix in the coming years as it represents 
the primary fuel for all existing gasoline ICEVs in 
the U.S. The volume share of light-duty vehicle fuel 
going to E10 can be expected to decline gradually 


44 The one category of ICEVs which do not currently receive OEM approval of E15 are premium-required vehicles. E15 in the U.S. market is primarily offered at 88 R+M/2, 
below the 91 R+M/2 minimum for which these vehicles are typically designed. Significant retail availability of higher octane E15 is unlikely to occur until after 88 R+M/2 
achieves a substantial share of the market.


45 Renewable Fuels Association / E15 Extended Gasoline Supplies at a Critical Time This Summer and Saved Americans Millions at the Pump.


46 117th Congress / Public Law 117-169.


47 Assumes a gasoline CI of 91 g/MJ, an ethanol CI of 55 g/MJ, and U.S. gasoline demand of 14,538 trillion BTU per year based on the estimate for U.S. light-duty gasoline 
demand. U.S. Energy Information Administration (EIA) / Annual Energy Outlook 2022 (AEO 2022).


over time due to increasing federal fuel efficiency 
corporate average fuel economy (CAFE) standards 
and potential growth in the use of E15 and higher 
blends of ethanol with gasoline. New ICEVs are 
expected to see slight improvements in TTW 
emissions due to incremental improvements in the 
efficiency of gasoline engines and a growing share of 
conventional hybrids. During this periods, PHEV and 
BEV deployments are expected to increase. However, 
slower than anticipated development of battery 
technologies costs could reduce the deployment 
of expected PHEV and BEV and may force OEMs to 
increase ICEV technology improvements.


As nearly all new ICEVs are now designed to accept 
E15,44 the pace of transitioning the regular gasoline 
market from E10 to E15 will depend on removing 
existing regulatory restrictions on E15 in conventional 
gasoline markets during the summer, increasing retail 
availability, and driving consumer acceptance. As 
recently reported by the Renewable Fuels Association, 
the emergency approval of E15 during the summer 
of 2022 appears to have significantly advanced 
consumer acceptance of the fuel.45


Provisions in the IRA also provide new funding which 
can be used to help grow retail availability of E15.46 
However, a permanent solution to the regulatory 
limitation on summertime E15 in conventional 
gasoline markets has yet to be reached. If the 
political and regulatory process to unlock this 
restriction on E15 can be found, there is strong 
reason to believe that the consumer cost benefits of 
E15 will result in it ultimately seeing rapid growth 
in market share and additional reductions in GHG 
emissions from gasoline ICEVs. If all U.S. gasoline 
demand were to transition from E10 to E15, this 
would result in a 22,000 metric tons per year 
reduction in U.S. GHG emissions.47 



https://ethanolrfa.org/media-and-news/category/blog/article/2022/10/e15-extended-gasoline-supplies-at-a-critical-time-this-summer-and-saved-americans-millions-at-the-pump

https://www.congress.gov/117/bills/hr5376/BILLS-117hr5376enr.pdf

https://www.eia.gov/outlooks/aeo/IIF_carbonfee/pdf/carbon_fee_analysis.pdf
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7.3.2 E85 AND OTHER HIGHER ETHANOL  
BLENDS USED WITH FFVs AND POTENTIAL 
NEW VEHICLES


The use of blends containing greater than 15% 
ethanol would offer significant GHG reductions 
from ICEVs, based on ethanol offering substantial 
GHG benefits relative to gasoline. However, blends 
containing greater than 15% by volume of ethanol 
with gasoline are currently restricted to use in FFVs. 
Historically, production of FFVs by original equipment 
manufacturers (OEMs) was primarily motivated by 
CAFE credits offered for manufacture of those vehicles 
rather than consumer demand. Most owners of 
FFVs are unaware of the fact that their vehicles can 
consume E85, and E85 sales data collected by EIA 
suggest that very few FFVs are actually fueled with 
E85. According to the Alternative Fuels Data Center 
(AFDC), there were an estimated 21 million FFVs on 
the road in the U.S. in 2018.48 As reported in EIA’s AEO 
for 2020,49 U.S. E85 demand in 2018 was 453 million 
gallons, or about 21.6 gallons per FFV on the road 
in 2018.50 With limited consumer interest in E85 and 
FFVs, OEMs have been decreasing their FFV model 
offerings as CAFE incentives phase out.


Reasons cited for limited consumer interest in E85 
and FFVs include limited awareness on the part 
of owners of FFVs, limited retail availability of E85 
(the AFDC currently lists 4,204 public E85 fueling 
sites in the U.S. compared to an estimated 140,000 
retail gasoline stations), and inconsistent retail price 
incentives to offset to poorer fuel economy realized 
when operating on E85. E85 retail availability 
varies markedly between U.S. regions, with high 
concentrations in the Midwest and growing interest 
in California (stimulated by the value of LCFS credits 
to lower the effective cost). Thus, while there is a 
substantial opportunity to grow E85 sales to existing 
FFV owners, limited retail availability remains an  
 


48 Alternative Fuels Data Center / Flexible Fuel Vehicles.


49 U.S. Energy Information Administration / Annual Energy Outlook 2022 - Reference Case, Table 37.


50 Reported as 43 trillion BTU based on 3.987 million BTU per barrel of E85.


 
 
 
 
 
 
 
 
 
obstacle in much of the U.S., and the lack of new 
FFV models places a downward limit on potential 
demand as existing FFVs are retired and replaced 
with non-FFVs. Reversing this trend would likely 
require reinstating incentives for OEMs to produce 
new FFVs while creating additional incentives and 
increased fuel visibility and availability to encourage 
FFV owners to regularly fuel with E85.


The use of E85 with FFVs is primarily a strategy to 
displace petroleum-fueled vehicles where possible 
with vehicles which can use either gasoline or E85. 
This strategy, however, fails to take advantage of 
ethanol’s high octane value. An alternative ethanol 
strategy is to use mid-level ethanol blends (e.g., 
E25, E30, or E40) to facilitate production of fuels 
with higher octane (e.g., an AntiKnock Index octane 
rating of 88 compared to the 87 of typical U.S. 
regular gasoline) than what can be economically 
achieved with petroleum gasoline and using that 
fuel in engines designed to take advantage of that 
higher octane to achieve greater fuel economy. 
This approach, however, requires coordinated 
deployment of both the vehicles and their required 
fuel and, likely, designing the vehicles to operate 
on standard E10 when the higher octane fuel is not 
available. Additionally, in order for the OEM to gain 
CAFE credit for the higher fuel economy when using 
the higher octane fuel, EPA would require measures 
to assure that the higher octane fuel is actually 
being used by vehicle owners. Thus, achieving the 
theoretical benefits which could be achieved with a 



https://afdc.energy.gov/vehicles/flexible_fuel.html

https://www.eia.gov/outlooks/aeo/IIF_carbonfee/pdf/carbon_fee_analysis.pdf
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TABLE 8. GHG REDUCTIONS WITH RENEWABLE NATURAL GAS


FEEDSTOCK AVERAGE CI 
(gCO2e/MJ)


% GHG REDUCTION VS. 
FOSSI L  NATURAL GAS


% GHG REDUCTION VS. 
PETROLEUM DIESEL


Dairy Manure -309 490 407
Food Scraps/Waste -80 201 180
Landfill Gas 55 30 45
Other Organic Waste 0 100 100
Swine Manure -338 527 437
Urban Landscaping Waste 3 97 98
Wastewater Sludge 47 40 53
Fossil Natural Gas 79 n/a n/a
Petroleum Diesel (ULSD) 100 n/a n/a


Source: CARB, Stillwater analysis


higher octane mid-level ethanol blend would require 
close coordination between multiple OEMs, EPA, fuel 
producers, and fuel retailers. Solving this complex 
coordination problem when many stakeholders are 
focused on transitioning the market to EVs as rapidly 
as possible adds to the challenge. Accordingly, mid-
level higher octane blends and vehicles are only 
likely to emerge if the transition to EVs hits a very 
difficult roadblock.


7.4 CNG/LNG VEHICLES FUELED  
WITH RNG 


According to EIA, U.S. use of natural gas as a 
vehicle fuel in 2021 amounted to 54.5 billion 
standard cubic feet (BSCF, or 52,300 billion BTU,51 
or 381 million diesel gallon equivalent [DGE]) out 
of total U.S. natural gas demand of 30,665 BSCF 
(29,400,000 billion BTU).52  This usage can be in 
the form of compressed natural gas (CNG, natural 
gas compressed to, typically, 3,600 psi) or liquified 
natural gas (LNG, natural gas cooled until it turns 
into a liquid). Both CNG and LNG can be


51 1 cubic foot = 0.960 thousand BTU of CNG or LNG. EIA / AEO 2022 Table 68.


52 EIA / Natural Gas Summary.


53 EPA / RINs Generated Transactions.


54 CARB / LCFS Pathway Certified Carbon Intensities.


55 The negative CIs associated with RNG from manure and food scraps/waste are attributable to the avoidance of fugitive methane emissions when these feedstocks are 
converted to RNG rather than allowed to biodegrade.


produced from either fossil natural gas or renewable 
natural gas (RNG, natural gas produced from 
decomposition of biomass at landfills, wastewater 
treatment plants, manure from dairy and swine 
production, etc.). 


RNG used as transportation fuel is eligible to earn 
RFS renewable identification numbers (RINs); in 
2021, EPA reports 43,793 billion BTU of RNG (319 
million DGE) was used to produce CNG or LNG 
for transportation fuel.53 Thus, RNG currently 
accounts for about 84% of CNG and LNG used for 
transportation in the U.S. In California and Oregon, 
where the LCFS and the Clean Fuels Program (CFP) 
provide additional incentives for use of RNG, the 
RNG share of CNG and LNG use is currently over 
95%. The GHG benefits associated with the use of 
RNG in natural gas vehicles (NGVs) compared to 
both fossil natural gas and ULSD vary significantly 
with the feedstock used to produce the RNG and 
can be estimated based on the CIs assigned by the 
California LCFS54 as shown in Table 8.55 



https://www.eia.gov/outlooks/aeo/IIF_carbonfee/pdf/carbon_fee_analysis.pdf

https://www.eia.gov/dnav/ng/ng_sum_lsum_dcu_nus_a.htm.

https://www.epa.gov/fuels-registration-reporting-and-compliance-help/rins-generated-transactions

https://ww2.arb.ca.gov/resources/documents/lcfs-pathway-certified-carbon-intensities
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In the near term, U.S. production of RNG from a 
variety of feedstocks, most notably dairy and swine 
manure, is growing rapidly. This increased supply 
is expected to be used first to displace much of the 
remaining use of fossil natural gas in NGVs with 
additional volumes of RNG from dairy and swine 
manure being directed to displace use of higher CI 
sources of RNG in California and Oregon NGVs.56  
Further, the size of the NGV fleet is growing in a 
number of heavy-duty sectors driven by economics, 
corporate environmental goals,57 and, potentially, an 
increase in state LCFS-type programs.58 


EPA’s recently proposed eRIN program under the 
RFS59 offers a new path to the transportation market 
for biogas60 and RNG. Under this proposal, electricity 
derived from biogas or RNG would qualify to earn 
RINs (referred to eRINs) under certain conditions. 
Specifically, the power would need to be generated 
in the 48 contiguous states of the U.S. or portions of 
Canada and Mexico which are connected to the U.S. 
power grid. Such eRINs could only be separated from 
the electricity (and, thus, used for RFS compliance 
purposes) if they are contracted to a producer of 
light-duty EVs or PHEVs. The producer would be 
eligible each quarter to separate a number of eRINs 
corresponding to the estimated power used to 
charge their qualifying vehicles (new or existing) 
operating in the 48 contiguous states. As converting 
biogas is generally less costly than upgrading the 
biogas to RNG and injecting it into a common-carrier 
natural gas pipeline system, this provides a new 
incentive to grow biogas production and biogas-fired 
power generation.61


56 Higher CI sources of RNG displaced by dairy and swine manure-based RNG are assumed to displace fossil natural gas in non-transportation uses such as power 
generation and industrial heating.


57 Example: Transportation firms such as UPS and Amazon are using RNG as a cost-effective route to reduce their carbon footprint using readily available vehicles.


58 The Clean Fuel Standard in Washington State takes effect in 2023, and several other states are considering adoption of similar programs.


59 EPA / Renewable Fuel Standard (RFS) Program: Standards for 2023-2025 and Other Changes.


60 The terms biogas and RNG are sometimes, incorrectly, used interchangeably. Biogas is the product of degradation of biomass to a mixture of approximately 50% 
methane and 50% CO2. Biogas becomes RNG only after it is purified to pipeline-quality natural gas specifications by removing the bulk of the CO2 and other impurities.


61 In their proposed rule, EPA assumes that, in the near term, much of the eRIN generation would come from existing biogas-fired power generation; the incentive for new 
biogas-fired generating capacity is expected to take a few years to develop and will ultimately be limited by the rate of growth of the light-duty EV and PHEV population in 
the 48 states.


62 U.S. Department of Energy (DOE) Office of Energy Efficiency & Renewable Energy / 2016 Billion-Ton Report.


63 Fulcrum BioEnergy / Fulcrum BioEnergy Successfully Starts Operations of its Sierra BioFuels Plant, May 24, 2022.


7.5 FISCHER-TROPSCH DIESEL 


FT diesel (also known as biomass to liquid, or BTL, 
diesel) offers the potential to greatly expand the 
available supply of high-quality RD by utilizing 
abundant biomass feedstocks such as agricultural 
residues, wood waste, and municipal solid waste 
(MSW). These difficult-to-process feedstocks 
represent nearly all the potential growth in 
U.S. biomass feedstocks identified in the U.S. 
Department of Energy’s 2016 update to their Billion-
Ton Report.62


The challenge with commercializing this technology 
has been to achieve reliable, scalable operation 
at an acceptable capital cost. This is especially 
challenging for MSW as a feedstock due to the wide 
range of potential contaminants and its inherent 
variability. The firm which has achieved the greatest 
progress to date toward commercial operation is 
Fulcrum Bioenergy; they recently claimed achieving 
commercial operation of the gasifier unit at their 
Sierra BioFuels Plant in Reno, Nevada, utilizing MSW 
feedstocks.63 While this is an essential milestone, this 
is only the first step in the process as they will also 
need to achieve commercial operation on their FT 
process unit (which converts syngas from the gasifier 
to FT syncrude) and upgrading units (which convert 
the FT syncrude to saleable products) in order to 
produce diesel fuel.


If Fulcrum or other firms developing this technology 
are successful at achieving reliable commercial 
operations at an acceptable cost, this will enable 
production of RD and sustainable aviation fuel to 
grow well beyond the feedstock supply constraints 



https://www.epa.gov/system/files/documents/2022-12/rfs-set-rule-nprm-2022-11-30.pdf

https://www.energy.gov/eere/bioenergy/2016-billion-ton-report

https://www.fulcrum-bioenergy.com/news-resources/sierra-successful-operations-2
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which are expected to limit growth of BD and RD 
produced from fats, oils, and greases. Incentives 
provided by the RFS, Blenders’ Tax Credit , IRA, and 
LCFS programs will play a significant role in bridging 
the cost spread between FT diesel and petroleum 
diesel. As FT diesel has the potential to be a drop-in 
fuel which can be used in blends of up to 100%, it 
will be possible to displace a very large fraction of 
petroleum diesel demand over the time required to 
grow feedstock collection operations and develop 
process facilities.


7.6 BIODIESEL BLENDS UP TO B20


BD blends have become a well-established portion 
of the U.S. diesel fuel market, with nearly all diesel 
vehicles currently on the road compatible with 
blends up to B5 and a growing share compatible 
with blends up to B20. BD blenders are available at a 
growing share of U.S. fuel terminals, and most diesel 
infrastructure is compatible with B20. This would 
appear to open the opportunity to grow the use of 
B20, both in blends with petroleum diesel 


64 EIA / AEO 2022, Table 11.


and in blends with RD. The challenge for further 
growth in BD usage, however, comes from increasing 
competition with RD for feedstocks. The rapid 
growth in U.S. RD production capacity represents 
a challenge to BD producers as both technologies 
utilize the same feedstocks (fats, oils, and greases) 
and RD plants generally have greater economies 
of scale; are owned by larger, better-financed 
firms; and offer a product which can be utilized in 
blends of up to 100% in existing diesel equipment 
and infrastructure. This feedstock competition is a 
major limiting factor in EIA’s outlook64 for future U.S. 
demand for BD and RD, as illustrated in Figure 25 
below. It may be observed that U.S. BD demand is 
forecast to drop sharply in 2023 following the rapid 
growth of RD production in 2022; demand is not 
forecast to exceed 2022 levels until 2049. Changing 
this assessment would require either an unexpected 
issue which reverses growth in RD production and 
demand or a breakthrough which would unlock 
additional feedstock types for BD production.
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http://www.eia.gov/outlooks/aeo/
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The impact of BD on GHG emissions varies not only with its percentage contribution to the diesel fuel pool, 
but also with the CI of the product. The largest contributor to the CI of BD is the choice of feedstock, with 
nonfood feedstocks such as used cooking oil (UCO), inedible tallow, and distillers corn oil (DCO, a nonedible 
by-product of corn ethanol production at dry mill plants) having much lower CIs than vegetable oils (such 
as soybean oil and canola oil) due to the lack of direct and indirect land use change considerations. In the 
future, inedible oils derived from cover crops, such as camelina, carinata, and pennycress, may begin to 
make a growing contribution to the BD feedstock mix, growing the potential supply of BD while offering low 
CIs.65 As the California LCFS, Oregon CFP, and other similar programs place high value on low CI feedstocks, 
their use is currently being maximized. Accordingly, we expect that feedstock growth in the near term will 
lean toward greater use of higher CI feedstocks such as soybean oil and canola oil, raising the overall CI 
of available BD. This trend may slow or reverse in the longer term if production of oils from cover crops 
becomes a material contributor to the BD and RD feedstock pool. As the RD production process tends to be 
less sensitive to feedstock quality, we further expect that RD producers will differentially attract the more 
variable low CI feedstocks such as UCO and inedible tallow. 


The coming transition from the current biomass-based diesel blenders' tax credit (BTC) to the clean fuels 
production credit (CFPC) will create additional incentive for all domestic BD and RD producers to compete for 
the lowest CI feedstocks.66  This transition, which is a component of the recently adopted IRA,67 takes effect 
January 1, 2025, and establishes a variable tax credit for fuels meeting a maximum CI of 50 kilograms of CO2e 
per million BTU (47.39 gCO2e/MJ) as determined by a process to be established by the Internal  
Revenue Service.


65 An assessment of the potential contribution of cover crops is included in the Feedstock Options section of this report.


66 Imported product will not be eligible.


67 117th Congress / Public Law 117-169.



https://www.congress.gov/117/bills/hr5376/BILLS-117hr5376enr.pdf
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7.7 RENEWABLE DIESEL BLENDS  
UP TO RD100 


RD, as a term, is sometimes used generically for 
all renewably derived substitutes for petroleum 
diesel. For the purposes of this study, we use the 
term specifically to refer to the hydrocarbon-based 
mixture produced from the hydrodeoxygenation of 
fats, vegetable oils, and greases (sometimes referred 
to as FOG) and suitable for use as diesel fuel. RD 
using this pathway is currently being produced by 
Neste, Diamond Green Diesel, Chevron-REG, and 
a growing list of additional producers. RD can be 
combined with petroleum diesel at any blending 
level, up to 100% substitution. Not only is this 
theoretically possible, R99 (pure RD blended with  
at least 0.1% volume percent petroleum diesel in 
order to separate RINs and capture the BTC) is sold 
at many retail sites in California and directly to a 
number of centrally fueled fleets. A blend of 80% 
RD with 20% BD is also offered commercially and 
used neat by a number of fleets. During the second 
quarter of 2022, the California diesel pool averaged 
37% RD and 7% BD content.


As discussed earlier, RD producers compete with 
BD producers for the same feedstocks. The current, 
rapid growth in RD production capacity means that 
the supply of both fuels will soon become feedstock 
limited. Figure 25 shows EIA’s forecast of U.S. 
demand for RD and BD out to 2050. The contribution 
of RD to the U.S. diesel pool, particularly in 
California, is growing rapidly as U.S. production of 
RD is rapidly increasing.


As is the case with BD, the impact of RD on GHG 
emissions varies not only with its percentage 
contribution to the diesel fuel pool, but also with 
the CI of the product. The largest contributor to the 
CI of RD is the choice of feedstock, with nonfood 
feedstocks such as UCO, inedible tallow, and DCO 
having much lower CIs than vegetable oils due 


68 An assessment of the potential contribution of cover crops is included in the Feedstock Options section of this report.


69 Imported product will not be eligible.


to the lack of direct and indirect land use change 
considerations. In the future, inedible oils derived 
from cover crops, such as camelina, carinata, 
and pennycress, may begin to make a growing 
contribution to the RD feedstock mix, growing the 
potential supply of RD while offering low CIs.68 As 
the California LCFS, Oregon CFP, and other similar 
programs place high value on low CI feedstocks, 
their use is currently being maximized; accordingly, 
we expect that feedstock growth in the near term 
will lean toward greater use of higher CI feedstocks 
such as soybean oil and canola oil, raising the overall 
CI of available RD. This trend may slow or reverse in 
the longer term if production of oils from cover crops 
becomes a material contributor to the BD and RD 
feedstock pool. As the RD production process tends 
to be less sensitive to feedstock quality, we further 
expect that RD producers will differentially attract 
the more variable low CI feedstocks such as UCO and 
inedible tallow, enabling RD, on average, to be lower 
in CI than BD.


The coming transition from the current BTC to the 
CFPC will create additional incentive for all domestic 
BD and RD producers to compete for the lowest  
CI feedstocks.69  


7.8 E-FUELS 


Electrofuels, often shortened to e-fuels, refers to 
liquid fuels synthesized from carbon dioxide and 
water with the use of electricity. These are created 
by utilizing a concentrated source of carbon dioxide, 
such as that captured from a process stream or via 
direct air capture, producing green hydrogen via 
electrolysis of water, and reacting that hydrogen 
with the carbon dioxide over one or more stages 
of catalysis to produce liquid fuels. These fuels 
can include gasoline, jet fuel, and diesel along 
with coproduct chemicals. Effecting this series 
of reactions requires substantial quantities of 
electricity to capture the concentrated carbon 
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dioxide, electrolyze the water to hydrogen, and 
drive the ultimate conversion to liquid fuels. Due to 
the large quantity of electricity required, the CI of 
these fuels is highly dependent upon the CI of the 
electricity consumed; typically, this requires the 
e-fuel process to have a captive source of renewable 
power to assure a favorable CI relative to petroleum-
derived fuels. Building an e-fuels plant is capital 
intensive; thus, return on investment is very sensitive 
to utilization (i.e., the number of hours per year of 
operation). Accordingly, the hourly variability of wind 
and solar power make it challenging to develop an 
economic project using these sources of renewable 
energy; plants coupled with geothermal or nuclear 
power production may offer more robust economics.


Research on each component of the e-fuel process 
(carbon capture, electrolysis, and conversion to 
liquid fuels) is ongoing. It is likely that current 
research projects will steadily reduce the amount of 
electricity required to produce each gallon of e-fuel. 
There are a number of commercial projects currently 
in development with the earliest commercial-scale 
production expected in the 2025 or 2026 timeframe.


Even with expected improvements in the efficiency 
of e-fuel technology, it will still be less efficient than 
using the same amount of renewable electricity 
to displace fossil electricity, charge EVs, or 
produce green hydrogen to fuel FCEVs. Even with 
those limitations, there are circumstances where 
e-fuels may be an important contributor to the 
decarbonization of ICEVs:


1.  Even with an accelerating transition of the 
ICEV fleet to EVs, the pace of fleet turnover 
(as discussed earlier) means that there will be 
substantial demand for liquid fuels out to 2050 
and beyond.


2.  While FCEVs may ultimately form a significant 
share of the vehicle fleet, commercial 
deployment of this technology significantly 
lags EVs, thus market demand for green 
hydrogen may be slow to develop.


3.  Due to their high energy density, liquid fuels 
are easier to transport and are more readily 
stored than either electricity or hydrogen. 
These factors facilitate long-term storage and 
distribution from point of manufacture to point 
of demand.


4.  Neither electricity nor hydrogen have been 
demonstrated as feasible alternatives to liquid 
fuels for commercial aviation or oceangoing 
marine fuel applications.


5.  Petroleum refining inherently produces a mix 
of products which can only be varied within 
certain limits, and the transition away from 
petroleum fuels makes it cost-prohibitive 
to make substantial capital investments 
in retooling refining capacity. Accordingly, 
differences in the pace at which different 
transport modes shift away from petroleum can 
result in a shrinking petroleum refinery fleet 
which is not configured to meet transitioning 
market demands; e-fuels may provide an 
essential pathway to closing the resulting gaps.


As the pace of the energy transition varies between 
different transportation modes and different parts 
of the globe, e-fuels may play a key role in balancing 
market supply and demand. The extent to which 
that will impact U.S. and global GHG emissions will 
be highly dependent upon the pace at which this 
technology can be optimized to decrease its  
carbon intensity.
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Existing vehicle energy and emission 
models simplify the nation’s nearly 
300-million-vehicle fleet generally to 
single values to allow comparisons 
between fuel and vehicle types. This 
simplification is necessary to handle 
the complexities of vehicle emissions. 
However, important realities can be lost 
to oversimplification. This section will 
examine the PM and NOx complexities 
that are not represented well in existing 
life cycle analysis models.


There are several models used today to characterize 
vehicle technology emissions. These models reflect 
governmental agencies’ latest understanding 
of statewide and regional vehicle activities and 
emissions, and they are used to assess recently 
adopted regulations’ potential to reduce future 
emissions. The three main models used, and 
therefore the models discussed herein, are: 


1. The GREET model


2.  The MOtor Vehicle Emission Simulator  
(MOVES3) model


3. The EMission FACtor (EMFAC) model


These three models are summarized in Table 9. 


Shortcomings of 
Existing Models in 
Calculating Criteria 
Pollutants


TABLE 9. KEY VEHICLE MODELS USED TO QUANTIFY VEHICLE TECHNOLOGY EMISSION DIFFERENCES 


MODEL DEVELOPER SCOPE


GREET Well-to-Wheels Argonne National Laboratory Extraction, transportation, refining, 
refueling, vehicle and road emissions


MOVES3 U.S. Environmental Protection 
Agency (EPA)


National criteria pollutant emissions.  
Vehicle emissions only.


EMFAC California Air Resources Board 
(CARB) 


California criteria pollutant emissions.  
Vehicle emissions only.
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All three models use unadjusted laboratory vehicle 
emission test results which are designed for 
regulatory purposes. Laboratory tests accurately 
measure tailpipe emissions for regulatory standards 
enforcement, but they are significantly errored 
when they are used to estimate the on-road vehicle 
emissions. Two technical flaws obscure ICEV criteria 
pollutant emission analysis as compared to EVs.  
Laboratory testing protocols exclude the facts that 
1) ICEV engines consume air70 and 2) ICEVs therefore 
consume air pollution. To accurately compare EVs 
and ICEVs on criteria pollutant emissions requires 
including the ICEV engine’s air consumption of 
on-road air pollution. When laboratory test results 
are adjusted to include these two factors, today’s 
cleanest ICEVs are shown to reduce existing air 
pollution during air violation days.71 The population 
of cleanest ICEVs is currently a small portion of 
the total ICEV fleet but outnumbers today’s EV 
population and the anticipated EV population by 
2050.72 Still, CARB and EPA do not yet include the fact 
that ICEVs consume and clean up air pollution on the 
road. We will quantify the magnitude of this error 
with the GREET estimated emissions. 


8.1 PARTICULATE MATTER (PM)


PM pollution poses significant health threats, 
especially to children and the elderly.73 EPA 
estimates that mobile sources (i.e., vehicles) 
represent less than 5%74 of PM emissions;  
the vast majority of PM emissions (73%) result  
from fires, dust, and agriculture.75  


70 Per Cummins vehicle emission tracking, heavy-duty diesel vehicles in service 
consume 81+/- 11 m3 of air per diesel gallon consumed.


71 Emission models use the median vehicle emission test values. “Today’s 
cleanest ICEVs” refers to the portion of vehicles that are cleaner than that median 
value. A significant portion of the cleanest half of the fleet can be shown to have 
negative emissions when operated in polluted environments. 


72 Stillwater Associates' analysis of 2019 model year certification emission values 
and CARB heavy-duty vehicle emission surveillance program. CARB / EMFAC2021 
Volume III Technical Document.


73 Particulate matter contains microscopic solids or liquid droplets that are so 
small that they can be inhaled and cause serious health problems. Some particles 
less than 10 micrometers in diameter can penetrate deep into the lungs, and 
some may enter the bloodstream. Of these, particles less than 2.5 micrometers in 
diameter (PM2.5) pose the greatest health risk.


74 If EPA revised their vehicle emission assessments to include the fact that ICEVs 
consume PM pollutants, the present estimate would be reduced by half.


75 EPA / Draft Policy Assessment for the Reconsideration of the National Ambient 
Air Quality Standards for Particulate Matter.



https://ww2.arb.ca.gov/sites/default/files/2021-07/emfac2021_tech_doc_april2021.pdf

https://ww2.arb.ca.gov/sites/default/files/2021-07/emfac2021_tech_doc_april2021.pdf

https://www.epa.gov/system/files/documents/2021-10/draft-policy-assessment-for-the-reconsideration-of-the-pm-naaqs_october-2021_0.pdf

https://www.epa.gov/system/files/documents/2021-10/draft-policy-assessment-for-the-reconsideration-of-the-pm-naaqs_october-2021_0.pdf
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According to GREET well-to-wheel (WTW) emission 
values, today’s gasoline and diesel vehicles’ tailpipe 
PM emissions are 98.3-100.3% lower than the 
average 1980 gasoline car, and 97.3-99.4% lower on 
a WTW basis.76 Comparing EVs charged using the 
average U.S. mix electricity to the range of modern 
gasoline and diesel PM emissions, there is less  
than a 3% difference between any light-duty  
vehicle options.


Figure 26 shows the GREET PM emission 
comparisons alongside other emission estimates for 
various vehicles and fuels. The most commonly used 
fuels are highlighted. The emissions analysis shows 
that when including power plant emissions, EVs have 
slightly higher PM emissions  than estimates


76 The average 1980 gasoline powered vehicle’s PM emissions level was 0.15 g PM10/mile while the average smoking gasoline vehicle emissions level was 0.40 gPM10/mile. 
Whitney, K.A. / Characterization of Particulate Exhaust Emissions from In-Use Light-Duty Vehicles.


77 EPA / MOVES Onroad Technical Reports.


 for gasoline and diesel PM vehicle levels used by EPA 
MOVES3 emission inventory and EPA 2019 model-
year vehicle certification laboratory (Median 2019 
MY Cert bar in the figure) and on-road (Median On-
Road Cert bar in the figure) emission values. The EPA 
MOVES3 emission inventory estimates the gasoline 
vehicles’ PM value using laboratory clean air; this 
value is 55% lower than EVs charged by U.S. mix.77 
Adjusting EPA data for on-road air pollution, the EPA 
MOVES3 value becomes 79% lower than EVs charged 
using U.S. mix electricity. As can be seen in Figure 26, 
the full range of credible vehicle emission estimates 
shows that ICEV PM emissions are equivalent to or 
below that of EVs, and all are near zero. 


U
.S


. 
M


IX
C


O
LD


U
.S


.
M


IX C
A


M
IX


G
R


EE
T 


G
A


S
O


LI
N


E 
LA


B
 


G
R


EE
T 


G
A


S
O


LI
N


E 
O


N
-R


O
A


D


M
O


V
ES


3
LA


B


M
ED


IA
N


 2
0


1
9


M
Y


 C
ER


T


M
O


V
ES


3
O


N
-R


O
A


D


M
ED


IA
N


 2
0


1
9


 
O


N
-R


O
A


D
 C


ER
T


P
A


LM
 


B
IO


D
IE
S
EL


S
O


Y
B


EA
N


 
B
IO


D
IE
S
EL


R
A


P
ES


EE
D


 
B
IO


D
IE
S
EL


U
S


ED
 C


O
O


K
IN


G
 O


IL
 


B
IO


D
IE
S
EL


A
N


IM
A


L 
FA


TS
 


B
IO


D
IE
S
EL


C
O


R
N


 
ET


H
A
N
O
L


S
U


G
A


R
C


A
N


E 
ET


H
A
N
O
L


S
U


G
A


R
 B


EE
T 


ET
H
A
N
O
L


Pa
rt


ic
ul


at
e 


m
at


te
r (


g/
m


i)


DIESEL POOL GASOLINE POOL


RELATIVE TO
THE AVERAGE 1980 


GASOLINE 0.15 gPM/MI


GREET Lab
98.2% lower


EPA MOVES3 On-Road
99.5% lower 


Median 2019
On-Road Cert 


99.8% lower


0.000


0.001


0.002


0.003


0.004


0.005


0


40


20


60


80


100


120


140


26.6 29.2 32.8 35.8 39.4 41.4 39.9 41.2 41.3


11%


EVs ICEVs


FIGURE 26. VEHICLE PM EMISSION ESTIMATES FOR LIGHT-DUTY ICEVs AND EVs (EXCLUDING  
COAL POWER)


Sources: Stillwater Associates analysis of 2022 GREET, EPA MOVES3, EPA 2019 Model Year Raw Certification Emission Values, 1998 SwRI In-Use 
Characterization of Light-Duty Vehicle Particulate Matter Exhaust Emissions, and 2022 GREET



https://www.epa.gov/moves/moves-onroad-technical-reports
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According to EPA MOVES3 data, today’s vehicles have 
98.5% lower PM emissions than their 1980 gasoline 
counterparts. Figure 27 shows the remaining PM 
reduction (relative to a 1980 gasoline vehicle) versus 
an EV charged by U.S. mix. All options today reduce 
PM to within 3% of the EV charged by U.S. mix power. 
As can be seen, FCEVs show potential for below-zero 
PM emissions on road. Bottom line: PM emissions are 
99.7% lower than 1980 models, and the remaining 
PM emissions variation between existing vehicle 
types is negligible. 


Emissions reduction from EV (On-Road) Emissions reduction from EV (Lab)


FIGURE 27. WELL-TO-WHEEL PM EMISSIONS REDUCTION DIFFERENCES RELATIVE TO EV U.S. MIX


Note: Excludes EVs Coal Plant Charged which has 47% Higher PM Emission Rates than U.S. Mix 
Source: Stillwater Associates analysis of GREET 2021 & 2022







TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


66


8.1.1 HEAVY-DUTY DIESEL PM EMISSIONS


Heavy-duty diesel tailpipe exhaust PM emissions have declined 99.8% versus 1990 models according to 
laboratory tests reported in EPA MOVES3 and CARB EMFAC emission inventories. Figure 28 shows the diesel 
tailpipe emissions using GREET WTW  and EPA MOVES3 laboratory emission rates with adjustment for on-
road air pollution consumption.78  The graph shows newer diesel vehicles with emissions below zero due to 
the diesel engine’s air pollution consumption and cleanup by its emission controls. With on-road air pollution 
consumption and cleanup, diesel PM emissions are 99.93% and 100.03% lower than 1990 diesel levels.


78 EPA MOVES3 tailpipe emission rates are 0.004 and 0.002 g PM10/mi for vehicles older than three years and younger than three years, respectively. Per Cummins, diesel 
engines consume 81+/-11 m3 of air/diesel gallon. On-road PM10 pollution is assumed at 200 µg/m3.


2022 GREET
LABORATORY


ON-ROAD GREATER
THAN 3 YEARS OLD


ON-ROAD YOUNGER
THAN 3 YEARS OLD
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PM emissions (left hand axis) PM reduction from 1990 diesel (right hand axis)


Source: Stillwater Associates analysis of 2022 GREET and EPA MOVES3 Emission Rates 
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Figure 29 expands the view of emissions from 
tailpipe only (as displayed in Figure 28) to show the 
WTW emissions reductions from a 1990 model year 
diesel for several options. A WTW analysis evaluates 
the PM emissions from fuel extraction, refining or 
electrical production, and vehicle use emissions. 
Vehicle PM emissions reductions are nearly equal 
between EVs and diesels—all are 99.97% or higher. 
On a WTW basis, diesel-fueled ICEVs reduce PM 
emissions 94.9-100% and EVs reduce PM emissions 
90-94% from a 1990 diesel PM level on a WTW 
basis, biofueled and petroleum-fueled diesel ICEVs 
provide greater PM reductions than their battery 
EV counterparts charged using the U.S. grid mix, 
and the diesel ICEVs match FCEVs on PM emissions 
reductions. 


BOTTOM LINE: ALL PROPERLY 
OPERATING (AND NON-COAL-CHARGED) 
HD EVs AND HD DIESEL ICEVs PROVIDE 
ZERO AND NEAR-ZERO PM EMISSIONS 
AND ESSENTIALLY EQUIVALENT PM 
REDUCTIONS FROM A 1990 BASELINE 
ON A WTW OR VEHICLE BASIS. 
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FIGURE 29. WELL-TO-WHEELS PM EMISSIONS REDUCTIONS FROM A 1990 MODEL YEAR DIESEL


Note: Heavy-duty PM emission rates versus EPA and CARB estimates adjusted for on-road conditions  
Source: Stillwater Associates analysis of engine air consumption and GREET 2022
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Gas ICEV


8.2 NOx EMISSIONS VARIANCES 


In 1988, California implemented the Low Emission Vehicle program, seeking to reduce criteria pollutants 
(and especially NOx) by at least 97% so that California might attain the federal ozone standard. At that time, 
only EVs could provide the 97-98% lower NOx than ICEVs. Today, with the transition to ultra-low sulfur 
gasoline and diesel enabling higher efficiency catalytic converters on gasoline vehicles and the introduction 
of selective catalytic reactors to control diesel NOx emissions, ICEVs have reduced criteria emissions 97-99%. 
In fact, GREET WTW estimates show that, on average, most of today’s vehicle options provide at least 97% 
reduced NOx from a 1980 model year vehicle emission level. Using current GREET values and EPA certification 
data, we compared the NOx emission levels of various vehicles and fuels. The results are displayed in Figure 
30.  
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Comparing EPA NOx emission certification values for all 2019 vehicle models,79 GREET results indicate that 
both gasoline-fueled ICEVs’ and EVs’ NOx emissions will continue to decrease in the future, and all vehicle 
technology options’ NOx reductions from a 1980 NOx level are within 1% of each other. These results are 
displayed in Figure 31 below. 


79 All vehicle models are required to be certified to meet federal or California state exhaust emission standards for the useful life of 120,000-150,000 miles. All 
manufacturers are required to operate a vehicle for each engine type for the useful life of and test at intervals to verify that the vehicle exhaust meets emission standards.


NUMBER OF TESTED VEHICLES AND TESTS


26.6 29.2 32.8 35.8 39.4 41.4 39.9 41.2 41.3


$52,500 $54,568
$69,262


$57,067 $54,200 $60,390


32 samples > 4,000Based on current adoption 
trend & states where BEVS 
are operated, it is expected 
that BEVS are less carbon 
intense than ICE vehicles after 
19,000 miles of operation


Based on current adoption trend & states 
where BEVS are operated, it is expected 
that BEVS are less carbon intense than 
ICE vehicles a�er 19,000 miles of 
operation


228.15
88.7%


-0.02


0.00


0.02


0.04


0.06


0.08


0.10


0.12


1
6
9


1
3
7


2
0
5


2
7
3


3
4
1


4
0
9


4
7
7


5
4
5


6
1


6
8
1


7
4
9


8
1
7


5
5
8


9
5
3


2
0
2
1


1
0
8
9


1
1
5
7


1
2
2
5


1
2
9
6


1
3
6
1


1
4
2
9


1
4
9
7


1
5
6
5


1
6
3
3


1
7
0
1


1
7
6
9


1
8
3
7


1
9
0
5


1
9
7
3


2
0
4
1


2
1
0
9


2
1
7
7


2
2
4
5


2
3
1
3


2
3
8
1


2
4
4
9


2
5
1
7


2
5
8
5


2
6
5
3


2
7
2
1


2
7
8
9


2
8
5
7


2
9
2
5


2
9
9
3


3
0
6
1


3
1
2
9


3
1
9
7


3
2
6
5


3
3
3
3


3
4
0
1


3
4
6
9


3
5
3
7


3
6
0
5


3
6
7
3


66


2008 20102009 2011 20142013 20152012 2016 2017 2018


$52,654


NO
x E


m
iss


io
ns


 (g
NO


x/
m


i)


0%


20%


40%


60%


80%


100%


0%


20%


40%


60%


80%


100%


18%


16%


14%


12%


10%


8%


6%


4%


2%


0%


2019 Median NOx 
Certification Emission Value 


Cars and Light Trucks


FIGURE 31. 2019 MODEL-YEAR CERTIFICATION EMISSION VALUES VS. EV AND GASOLINE VEHICLES 


Gasoline certification value Gasoline on-road adjusted value


2022 GREET  gasoline EV - U.S. mix EV - coal EV - natural gas 


Source: Stillwater Associates analysis of EPA 2019 certification emission values and GREET 2022 & 2020


69







TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


70


Additionally, we adjusted the certification emission 
value from the laboratory to account for on-road 
NOx pollution. Figure 32 shows 87 models with net 
negative NOx emission levels when they are driven 
in on-road air pollution of 526 µg NOx/m3.80   Most of 
these vehicles are net negative NOx emitters when 
driven on the highway drive cycle, which is also 
where there is higher NOx pollution due to older 
car and truck emissions. This real-world potential 
net negative NOx emission is not presently reflected 
in GREET or recognized by EPA. Current criteria 
pollutant analysis omitting this potential  
penalizes ICEV NOx emissions and overstates


80 Health Effects Institute / Concentrations of Air Toxics in Motor Vehicle–Dominated Environments, Table 9 NOx levels.


ZEV NOx benefits. It is also important to note that 
the list shows several high-volume sales models that 
significantly outnumber EV sales models.


One of the main reasons for concern about NOx 
emissions is the role NOx plays in contributing to 
ozone pollution. As discussed earlier, there are 25 
cities that do not meet the ozone clean air standard. 
Unlike other pollutant reductions (e.g., PM and CO) 
that directly lead to clean air, NOx reductions do 
not. NOx both contributes to the formation of ozone 
and acts as a scavenger to reduce ozone levels, 
depending on the atmospheric conditions present. 
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FIGURE 32. LIST OF VEHICLES WITH POTENTIALLY NEGATIVE NOx EMISSIONS ON-ROAD


Source: Stillwater Associates analysis of U.S. EPA 2019 model year certification emission values, adjusted for the engine’s consuming 79-81 m3 air per 
gallon of fuel consumed and driven on roadway with 526 µg NOx/m3. 



https://www.healtheffects.org/system/files/Fujita-156.pdf
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This has been demonstrated in several weekday 
vesus weekend studies in California. Neither EPA 
MOVES3 nor CARB EMFAC fully represent this 
phenomenon. Today 85% of the nation’s cities have 
clean air meeting federal ozone levels. These cities’ 
ozone progress can be viewed as air basins where 
NOx reduction helps lower ozone pollution. The 
remaining 15% of cities have atmospheres that are 
stubbornly resisting mobile source NOx reductions, 
and some of these cities’ ozone levels are increasing 
as more lower NOx vehicles are used. The remaining 
cities not meeting clean ozone standards tend to 
be hydrocarbon emission-limited (HC-limited) air 
basins. Only in HC-limited air basins does reducing 
HC emissions lower ozone. 


Cities with air basins which are HC-limited have 
atmospheric conditions which create more ozone 
when NOx is reduced (e.g., when low-NOx vehicles 
are introduced). Los Angeles, Riverside, and San 
Diego, California, are locations where ozone levels 
are increasing as lower NOx vehicles are concurrently 
introduced. Vehicles with NOx emissions reduce 
peak ozone levels in HC-limited air basins. EVs' lower 
NOx tailpipe emissions and negative ICEV emission 
levels are not envisioned to generate any ozone 
reductions in these areas. Evidence from a United 


81 S. Munir, H. Chen & K. Ropkins / Non-parametric nature of ground-level ozone and its dependence on nitrogen oxides (NOx): A viewpoint of vehicular emissions.


Kingdom report suggests they may actually increase 
ozone levels.81 As shown in Figure 33, there is a 
negative correlation between NOx and ozone as NOx 
levels are reduced below 50 parts per billion.


With ozone formation and ozone scavenging 
conditions changing from hour to hour and 
seasonally in each unique geographic area with 
ozone standard exceedances, it is difficult to 
determine the relative benefits or disbenefits from 
reducing NOx emissions.


BOTTOM LINE: AFTER 35 YEARS OF 
REDUCED NOX VEHICLE EMISSIONS 
FOR OZONE ATTAINMENT, EVIDENCE 
SUGGESTS THAT LOW-NOX VEHICLES 
ARE PART OF THE SOLUTION BUT DO 
NOT CONTRIBUTE TO A REDUCTION IN 
OZONE IN ALL MARKETS BECAUSE OF 
PREVAILING REGIONAL ATMOSPHERIC 
CONDITIONS. CONSEQUENTLY, VEHICLES 
CANNOT BE EXPECTED TO REMEDIATE 
CONDITIONS THAT ARE BEYOND THEIR 
INFLUENCE.  


FIGURE 33. SCATTER PLOT OF OZONE AND NOx POLLUTANTS 


Source: Non-parametric nature of ground-level ozone and its dependence on nitrogen oxides (NOx): A view point of vehicular emissions 



https://www.researchgate.net/publication/271492389_Non-parametric_nature_of_ground-level_ozone_and_its_dependence_on_nitrogen_oxides_NOx_A_view_point_of_vehicular_emissions

https://www.witpress.com/elibrary/wit-transactions-on-ecology-and-the-environment/147/22787
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In order to demonstrate how biofuels 
present the most promising near-term 
option for supplying the existing ICEV 
fleet with its required fuel supply,  
we must first examine the expected  
on-road demand for fuel. 
For this analysis, we use two biofuel demand 
projections derived from two versions of EIA’s 
Annual Energy Outlook (AEO) (2019 and 2022) as 
baseline scenarios to establish biofuels’ potential 
and evaluate future fuel advancements. The key 
differences between the two demand projections 


stems from the assumed EV migrations which 
significantly impact biofuel sales after 2035. It is 
also noteworthy that neither AEO shows significant 
growth in BD or RD from 2021 through 2050. This 
limitation on estimated demand for diesel biofuels 
is based on assumptions concerning the available 
supply of feedstocks for these fuels. On the gasoline 
side, we examine additional ethanol demand 
assuming E15 blends beginning in 2025 for all 
gasoline vehicles and assuming the existing flexible-
fueled vehicles (FFV) fleet refuels half of the time on 
E85 as opposed to refueling with E85 less than 2% of 
the time today. (Figure 34)
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FIGURE 34. BASELINE TOTAL BIOFUEL DEMAND PROJECTIONS 


Source: EIA AEO 2019 and 2022 Reference Case projections
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9.1 DEMAND FOR BIOFUELS


Biofuels have been routinely used in on-road vehicles in the U.S. for over 40 years. The three main fuels 
shown below are compatible with vehicles and infrastructure at the concentrations where they are 
commonly used. Various federal biofuel subsidies have incentivized biofuel production including the 
lapsed 2005 Volumetric Ethanol Excise Tax Credit ($0.45 per ethanol gallon)82 and the BTC ($1.00 per gallon 
of biomass-based diesel, BBD), the latter of which has been in place for nearly 20 years and was recently 
extended through 2024 with the Inflation Reduction Act of 2022 (IRA).83 The IRA also established a sustainable 
aviation fuel (SAF) tax credit of $1.25 to $1.75 per gallon (depending on carbon intensity) through 2025 and 
created the new clean fuels production credit (CFPC) with a base credit amount of $1.75 per gallon of SAF or 
$1.00 per gallon of other qualifying transportation fuels.84 (Figure 35)


82 Murse, Tom / Understanding the Ethanol Subsidy.


83 117th Congress / Public Law 117-169.


84 The value of the CFPC varies with CI; a minimum CI of 50 kg CO2e/mmBTU (47gCO2e/MJ) is required to qualify for any credit and a CI of zero is required to qualify for the 
base credit. Eligibility for this credit is also subject to requirements for wages and apprenticeships.


Ethanol Renewable diesel Biodiesel Other biofuels


FIGURE 35. HISTORIC BIOFUELS USED IN ON-ROAD TRANSPORTATION
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https://www.thoughtco.com/understanding-the-ethanol-subsidy-3321701

https://www.congress.gov/117/bills/hr5376/BILLS-117hr5376enr.pdf
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According to EIA, use of conventional biofuels are projected to continue at the same proportions as today 
through 2050.85 Ethanol has been used as a 10% blend in gasoline in nearly all U.S. gasoline since 2010, RD 
and BD have grown from 1% of diesel sales in 2010 to 5% by 2020. In 2021, biofuels displaced nearly 13 billion 
gallons of gasoline and diesel. With regulatory action, by 2025 ethanol could be expanded to predominant 
use of 15% blends using existing plants, feedstocks, and gasoline vehicles. Additional expanded ethanol use  
is possible if existing FFV owners refueled their vehicles 50% of the time on E85 as opposed to historically 
lower refueling rates.86 Other biofuels such as renewable natural gas (RNG) are a negligible but growing fuel 
option. For context, the AEO 2022 projects EVs displacing greater than 5% of the total gasoline and diesel 
pool by 2050.


85 EIA / AEO 2022 Reference Case.


86 AEO 2022 Reference Case implies FFVs are refueled less than 2% of the time on E85.


Biodiesel


FFVs 50% refuled


Renewable diesel Ethanol Other biofuels E10 to E15 blend volumes


EVs displaced gasoline


FIGURE 36. LOW EV CASE TRAJECTORY OF ON-ROAD DEMAND FOR BIOFUELS 
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9.2 ADVANCEMENTS IN FUELS AND LIGHT-DUTY VEHICLE TECHNOLOGIES 


As shown in Figure 37, over the past 50 years, the U.S. fleet of light-duty vehicles (cars, SUVs, vans, and 
pickup trucks) has seen substantial improvements in engine efficiency; manufacturers have used these 
improvements to offset increasing vehicle weight and increase available horsepower as well as improve fuel 
economy. The ebb and flow of vehicle fuel economy over this period reflects consumer preferences during 
periods of lower or higher gasoline prices as well as regulatory requirements for average fleet fuel economy.87


87 Vehicle footprint is the basis for the current CO2 emissions and fuel economy standards. Footprint is the product of wheelbase times average track width (the area 
defined by where the centers of the tires touch the ground).


Real-world fuel economy Horsepower Weight Footprint


FIGURE 37. RELATIVE CHANGE IN FUEL ECONOMY, WEIGHT, HORSEPOWER, AND FOOTPRINT87
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https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1013L1O.pdf
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As average fuel economy has improved across the light-duty fleet, however, consumer preference has shifted 
toward the larger vehicles in this category—trucks, SUVs, and vans, as shown in Figure 38. These vehicle types 
have lower fuel economy than cars although all show improving fuel economy. Importantly, the larger light-
duty vehicles are a good fit for  FFVs fueled with E85 or diesel engines fueled with RD as opposed to  
E10 gasoline. 


Minivan/van Truck/SUV Car/SUV Sedan/wagon


FIGURE 38. PRODUCTION SHARE AND ESTIMATED REAL-WORLD FUEL ECONOMY


Source: The 2021 EPA Automotive Trends Report: Greenhouse Gas Emissions, Fuel Economy, and Technology since 1975 (EPA-420-R-21-003,  
November 2021)



https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P1013L1O.pdf
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9.3 OEM PLANS AND INTENTIONS 
Automotive engineers and designers are constantly creating and evaluating new technology and deciding 
how, or if, it should be applied to their vehicles. Vehicle manufacturers’ strategies to develop and adopt 
new technologies are unique and vary significantly. Each manufacturer is choosing technologies that best 
meet the design requirements of their vehicles, and in many cases, that technology is changing quickly. The 
technologies in Figure 39 are all being adopted by manufacturers to increase fuel economy and reduce CO2 
emissions. Each of the 14 largest manufacturers have adopted several of these technologies into their vehicles, 
with many manufacturers achieving high penetrations of several technologies.  
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We briefly discuss the benefits of each of these 
emerging technologies:


• Turbo: Turbo chargers provide increased power 
and performance and improved fuel economy 
when used in a smaller engine.


• Gasoline Direct Injection (GDI): The most 
frequently used “new” technology is GDI—a 
more advanced version of fuel injection 
systems where fuel is injected directly into the 
combustion chamber instead of the intake port. 
Direct injection improves combustion efficiency, 
increases fuel economy, and generally lowers 
emissions. This technology was first used in  
1996 and by 2021 has reached 57% of all new  
vehicle sales.


• 7+ Gears and Continuously Variable 
Transmission (CVT): Additional transmission 
gears (shown as 7+ Gears in the figure) and CVT 
are combined in 80% of all new vehicles. These 
are relatively new technologies used to improve 
fuel economy and vehicle performance. More 
gears enable engines to spin slower, using less 
fuel, and to exploit GDI fuel injection low-engine-
speed advantages.


• Non-hybrid Stop/Start: These systems are 
designed to conserve fuel by reducing idle time 
when a vehicle is stopped. In city driving, where 
traffic lights are frequent, the stop/start system 
will shut down the engine as the vehicle comes to 
a stop and will automatically restart the engine 
when the brake pedal is released.


• Cylinder Deactivation (CD): This technology 
refers to deactivating some of the cylinders in 
the engine when the car runs on light loads. 
Large engines operating at light loads are very 
inefficient. Disabling some cylinders in these 
circumstances greatly improves fuel economy, 
while retaining the larger engine capabilities for 
more appropriate situations. This technology is 


88 EPA / The EPA Automotive Trends Report 2021.


especially used in larger engine light-duty trucks 
and SUVs, where the greatest fuel economy gains 
are made.


• Hybrids, Plug-in Hybrids (PHEVs), Electric 
Vehicles (EVs), and Hydrogen Fuel Cell Electric 
Vehicles (FCEVs): These technologies offer 
greater fuel economy improvements than the 
above listed options; each option has successively 
higher fuel economy. Conventional hybrids were 
introduced in 2000, and by 2011 PHEVs, EVs, and 
FCEVs were introduced. Most hybrids, PHEVs, 
and EVs utilize regenerative braking to recapture 
energy that otherwise would have been lost as 
heat, thus further improving vehicle efficiency. 
This “spectrum of electrification” creates a wide 
range of technology implementation strategies in 
modern vehicles and offers numerous pathways 
to improve vehicle efficiency, emissions, and 
performance.


THE BIG PICTURE: Vehicles with engines 
that operate exclusively on gasoline 
(including hybrids, but not plug-in hybrids 
which also use electricity) have historically 
made up at least 95% of the light-duty 
vehicle fleet. PHEVs, EVs, and FCEVs have 
added to the increasing array of technology 
available in the automotive marketplace 
and have been capturing a small but 
growing portion of the market. These 
vehicles captured 2.2% of the market in 
model year 2020,88 and according to Wards 
Intelligence, EV, PHEV, and FCEV combined 
accounted for 6.7% of light-duty vehicle 
sales by 2022. Gasoline-fueled vehicles 
remain a promising area for emissions 
reductions through biofuel utilization.



https://www.epa.gov/automotive-trends
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9.4 IMPACT OF VEHICLE EFFICIENCY 
ON LIQUID FUEL DEMAND


Using the technologies listed in the section above 
has improved ICEVs’ fuel economy and reduced on-
road CO2 emissions. Figure 40 shows the historical 
trend of declining CO2 average gasoline vehicle 
emissions due to higher fuel economy vehicles. 
Replacing conventional gasoline with E85 or 
replacing petroleum diesel with RD or BD blends up 
to B20 significantly improves GHG emissions of the 
ICEV fleet. Biofuels shown in Figure 40 are displayed 
using a constant CI value over the timeframe to 
illustrate the declining CO2 emissions from vehicle 
fuel efficiency and advancing ICEV technology.89 


89 The chart uses GREET 2022 CI values of 64 gCO2e/MJ for E85, 34 gCO2e/MJ for RD and 91 gCO2e/MJ for gasoline.


Petroleum E85 RD100


FIGURE 40. ICEV GHG TREND DUE TO FUEL ECONOMY IMPROVEMENTS AND BIOFUELS
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9.5 OPPORTUNITIES AND CHALLENGES 
TO EXPANDED USE OF LOWER CARBON 
FUELS IN ICEVs


There are three primary opportunities to 
immediately lower carbon emissions of ICEVs using 
existing biofuels: 1) transition from E10 to E15, 2) 
expand use of E85, and 3) expand production and 
use of BD and RD. We discuss these three pieces of 
“low-hanging fruit” in this section. A deeper dive into 
all potential opportunities to reduce GHG emissions 
from ICEVs and their related implementation 
challenges are discussed in the Market Transition 
Requirements section of this report.


9.5.1 TRANSIT ION FROM E10 TO E15


One comparatively easy way to incorporate more 
biofuels into the existing fleet is increasing the 
amount of ethanol blended into gasoline from 10% 
to 15%. Moving the U.S. from E10 to E15 ethanol 
gasoline blends would raise biofuel use while 
reducing CO2 emissions. 


According to the Alternative Fuels Data Center, the 
transition to E15 has already begun. E15 is available 
in 30 states at more than 2,400 stations.90 Stations 
are not required to sell E15, but some have started 
offering it due to state and federal incentives for 
upgrading equipment and better profit margins 
when compared with regular gasoline. Many 
hurdles for the movement to E15 have already been 
overcome. EPA approved E15 for use in light-duty 
conventional vehicles of model year 2001 and newer. 
On January 15, 2021, EPA proposed changes to E15 
fuel dispenser labeling requirements— a move to 
expand E15 use nationwide. Furthermore, proposals 
currently in Congress to extend the favorable Reid 
vapor pressure (RVP) treatment provided to E10 


90 Alternative Fuels Data Center / E15.


91 National Renewable Energy Laboratory / E15 and Infrastructure.


92 Environmental and Energy Study Institute: Fact Sheet | High Octane Fuels: Challenges & Opportunities.


93 Per GREET 2022, E15 has 1.73% less energy than E10. This lower energy content directly reduces fuel economy by the same amount. Assumed retail gasoline prices of $3 
and $4 per gallon would raise consumer cost by 5 or 7 cents per gallon, respectively.


94 The Corporate Average Fuel Economy (CAFE) program did not phase out entirely, but its credits were significantly reduced starting with the 2016 model year when EPA 
shifted to assuming FFVs were typically operated on conventional gasoline rather than E85.


95 EIA / AEO 2022, Table 39.


to E15, if adopted, would also facilitate growth 
in E15. Logistically, underground storage tank  
manufacturers approved their tanks for blends up 
to E100 in 1990, so the E15 in-ground infrastructure 
is mostly already in place.91  Existing retail stations 
can add E15 pumps for $4,400 —a relatively low-cost 
modification.92  For new construction sites, these 
higher ethanol dispensing retail pumps are available 
for no additional cost by at least one pump supplier. 
Some consumers would seek E15 blends for the 
higher octane—88 AKI (AntiKnock Index) vs 87 AKI 
for E10. Other consumers may be compelled to buy 
E15 for its frequently lower price; that lower price, 
however, is also due to the reduced energy content 
of E15, resulting in lower fuel economy, equivalent to 
a discount of $0.05-$0.07 per gallon.93  


9.5.2 EXPANDED E85 USAGE


FFVs are designed to operate on gasoline, E85, or any 
mixture of the two fuels. This is existing technology 
but its availability in new vehicles is fading due 
to expired federal fuel economy credits. Figure 41 
shows the number of FFV models sold in response 
to fuel economy regulations providing incentives for 
the sale of FFVs. As can be seen, when the federal 
program that provided fuel economy credits phased 
out by 2016,94 vehicle manufacturers generally 
discontinued FFV production. Reauthorizing FFV 
fuel economy credits could potentially restart this 
technology option. There were over 20 million FFVs 
in the U.S. in 2021.95 This population is 10 times 
larger than all the other alternative-fueled vehicles 
combined. This FFV population represents a large, 
missed opportunity to lower the CO2 emissions from 
the ICEV fleet. 


The market challenge for E85 fuel was that, on 



https://afdc.energy.gov/fuels/ethanol_e15.html

https://afdc.energy.gov/files/u/publication/e15_infrastructure.pdf

https://www.eesi.org/papers/view/fact-sheet-high-octane-fuels-challenges-opportunities

https://www.eia.gov/outlooks/aeo/IIF_carbonfee/
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average, FFVs used E85 fuel less than 2% of the 
time.96 Many customers may not have been aware 
that they had purchased an FFV during the period 
when federal fuel economy credits existed (shown 
in Figure 41) because nearly all models produced 
by some major manufacturers were FFVs, and the 
vehicle technology was mostly “invisible” to the 
buyer.97  Thus, some customers who purchased 
vehicles in this timeframe are likely unaware they 
were capable of operating on ethanol blends up to 
85%.  Using E85 lowers fuel economy 26% but still 
results in lower carbon emissions per mile driven. 
The E85 retail market rarely reduced the E85 fuel 
price sufficiently to account for E85’s lower energy 
density and thus its 26% fuel economy loss. 


96 AEO 2022 Reference Case suggests FFVs are refueled less than 2% of the time on E85.


97 All FFVs did have unique, yellow-colored gas caps, a yellow ring around capless fuel fillers, or a flex fuel label on the fuel door. Labels on the outside of the car often read 
“E85,” “FFV,” or “Flex Fuel,” but significant customer usage of the flex fuel capability of these FFVs did not materialize.


For example, $3.50 per gallon gasoline market 
requires a $1.00 per gallon ethanol discount for 
the E85 retail price to match the fuel economy loss. 
However, E10 is sold at the same price as gasoline; 
thus, the ethanol industry would have to accept a 
$1.00 per gallon discount for the E85 market to grow. 
One remedy would be to require retail gas stations 
to display the gasoline equivalent prices along with 
E85 retail prices, while the pump would measure 
the gasoline gallon equivalent (GGE) dispensed (this 
would be similar to the way that CNG and LNG are 
priced and dispensed at retail). Federal and state 
biofuel incentives have significantly increased and 
are poised to continue encouraging growth in future 
biofuel volumes.


FIGURE 41. NUMBER OF FFV MODELS AVAILABLE 



https://www.fueleconomy.gov/
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9.5.3 EXPANDED PRODUCTION AND USE OF RD, BD, AND E85


Expanding the production of RD, BD, and E85 and their retail availability has significant GHG reduction 
potential because of the large population of vehicles on the road today and for the near future that can 
use these fuels. RD and BD are growing renewable fuels; however, their use is limited to diesel vehicles 
and feedstock supply. Unlike E85 gasoline fuel replacements, RD is a unique fully drop-in petroleum diesel 
replacement, and its use does not suffer with a fuel economy loss compared to petroleum diesel—this is 
a significant consumer competitive advantage. BD is a limited blend volume fuel that is compatible with 
RD and petroleum fuels and has a limited (but significant) role to play in expanding biofuel options. Low-
BD blends have energy similar to petroleum diesels, but B20 blends have 1.4% lower energy per gallon, 
equivalent to a five-cent per gallon discount.  FFVs are already on the road, and expanded availability and 
usage of E85 fuel that is competitive with gasoline prices could reduce GHG emissions by a cumulative total 
of nearly 13,000 MT from 2025 to 2035.


Expanded usage of 
ethanol, RD, and BD is 
the lowest hanging fruit 
available to reduce the 
existing fleet’s GHG 
emissions. 
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The production of biofuels in the form 
of ethanol, RD, and BD has expanded 
rapidly in the U.S., making it the largest 
producer of ethanol in the world and 
the second largest producer of BD 
after Indonesia. RD and BD are made 
from the same edible oils and animal 
fats, but different manufacturing 
methods result in distinct end-
product characteristics such that RD 
is a drop-in fuel that can be blended 
with petroleum diesel without any 
constraints. Both RD and BD are 
together referred to as biomass-based 
diesel (BBD). 


98 U.S. Department of Agriculture (USDA) Environmental Research Service (ERS) / U.S. Bioenergy Statistics.


99 EIA / Biofuels Explained.


The U.S. still imports some ethanol, primarily from 
Brazil, but since 2010 the country has been a net 
exporter of ethanol. The U.S. transitioned from being 
a net exporter to a net importer of biodiesel after 
2013, due to a more than proportionate increase in 
domestic demand.98  Production of RD has grown 
rapidly in the U.S.; in 2021 the U.S. was responsible 
for about 31% of global production of RD and was 
second to the EU, which was responsible for about 
45% of global production of RD.99  


Biofuels in the U.S. are currently largely produced 
from food/feed crops, specifically corn and 
soybeans, and are using a substantial share of the 
production of these two crops. Renewable natural 
gas (RNG) used in natural gas vehicles (NGV) is 
produced from landfills, wastewater, food, and 
animal wastes. Municipal solid waste (MSW), while a 
promising source of biomass material, is largely 


Feedstock Options
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https://www.ers.usda.gov/data-products/u-s-bioenergy-statistics/

https://www.eia.gov/energyexplained/biofuels/biodiesel-rd-other-use-supply.php
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landfilled or recycled. In 2018, 12% was burned for 
energy recovery.100 A small amount of landfill gas is 
collected and accounted for 0.2% of total U.S. utility-
scale electricity generation in 2021.101 Recently, 
Fulcrum Bioenergy has started the first commercial-
scale plant to convert landfill waste to low-carbon  
synthetic crude oil. Additionally, microalgae, 
seaweeds, and duckweed are also potential 
feedstocks for producing biofuels but there has been 
no commercial production yet.102


Policy support has been a major impetus for biofuel 
production in the U.S., and the design of federal 
and state policies has significantly influenced the 
volume and mix of first-generation biofuels, corn 
ethanol, and BBD production. Although policies have 
sought to promote production of second-generation 
biofuels from nonfood, cellulosic feedstocks, supply 
of these biofuels has not emerged at the scale and 
cost needed due to technological and other market 
barriers. The outlook for biofuels is dependent 
on policy developments and design, the extent 
of electrification of vehicles, and technological 
breakthroughs in the production of biofuels from 
nonfood crops. 


100   EIA / Biomass Explained.


101  EIA / Biomass Explained.


102   Hochman, Gal and R. R. Palatnik / The Economics of Aquatic Plants: The Case of Algae and Duckweed.


In the subsections that follow, we discuss:


1. The policy and market drivers that have 
influenced the supply and consumption of 
biofuels to date and ways in which future 
policies and market conditions can affect the 
mix and level of consumption of biofuels. 


2. Trends in first-generation biofuel production 
and feedstock production historically and their 
implications for land use changes and crop 
prices. 


3. Projections for biofuel production and their 
feedstocks over the coming decades as well as 
their implications for land use change and crop 
prices. 


4. Emerging feedstocks for biofuel production 
and factors affecting their large-scale 
production. 


5. Risks and uncertainties associated with 
cellulosic biofuel production and its implication 
for feedstock supply. 



https://www.eia.gov/energyexplained/biomass/waste-to-energy.php

https://www.eia.gov/energyexplained/biomass/landfill-gas-and-biogas.php

https://www.annualreviews.org/doi/abs/10.1146/annurev-resource-111920-011624
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10.1 POLICY DRIVERS FOR THE VOLUME AND MIX OF BIOFUELS


A major impetus for the growth in biofuel production has been the Renewable Fuel Standard (RFS), which 
requires blenders to incorporate a specified percentage of renewable fuel with gasoline and diesel each year. 
The RFS was established by the Energy Policy Act of 2005 and expanded in 2007 by the Energy Independence 
and Security Act (EISA). It began with requiring 4 billion gallons of renewable fuel in 2006 and set a goal 
of blending 36 billion gallons of biofuel in 2022. The RFS specified volumetric targets for different types 
of biofuels that differed in the feedstocks used to produce them and the threshold level of GHG intensity 
savings they were required to have relative to the conventional gasoline or diesel being replaced. The 
categories consisted of conventional biofuel (primarily corn ethanol) that was produced from cornstarch and 
was required to be at least 20% less carbon intensive than gasoline, advanced biofuels (such as sugarcane 
ethanol) and biomass-based diesel that were expected to be at least 50% less carbon intensive than gasoline, 
and cellulosic biofuels (from biomass) that were expected to be at least 60% less carbon intensive than 
gasoline, as shown in Table 10.103  


103   Taheripour, Farzad, H. Baumes, and W. E. Tyner / Economic Impacts of the U.S. Renewable Fuel Standard: An Ex-Post Evaluation.


TABLE 10. TYPE OF BIOFUELS WITH VOLUMETRIC MANDATES UNDER THE RENEWABLE FUEL STANDARD


FUEL  TYPE GHG REDUCTION REQUIREMENT FUEL


Cellulosic Biofuel 60% Cellulosic ethanol, cellulosic naphtha, 
cellulosic diesel, renewable CNG/LNG, etc.


Biomass-based Diesel 50% Biodiesel, renewable diesel, etc.


Advanced Biofuels 50% Sugarcane ethanol, renewable heating oil, 
biogas, etc.


Renewable Fuel 20% or less Corn ethanol, etc.



https://www.frontiersin.org/articles/10.3389/fenrg.2022.749738/full
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Production targets for these were set as follows: a 
minimum of 16 billion gallons of cellulosic biofuel,  
1 billion gallons of BBD, and 4 billion gallons of other 
advanced biofuels (sugarcane ethanol) by 2022. The 
rest could be met by producing conventional biofuel 
(corn ethanol) to a maximum of 15 billion gallons, 
as shown in Table 11.104 Although the RFS specified 
volumetric mandates, the refineries or importers 
of gasoline or diesel were obligated to achieve it by 
meeting specified blend rates.


104  EPA / Overview for Renewable Fuel Standard.


TABLE 11. VOLUMETRIC GOALS FOR THE RENEWABLE FUEL STANDARD:  
VOLUME STANDARDS AS SET FORTH IN EISA (BILLION GALLONS)


YEAR CELLULOSIC 
B IOFUEL


B IOMASS-BASED 
DIESEL


ADVANCED 
B IOFUEL


TOTAL 
RENEWABLE FUEL


"CONVENTIONAL" 
B IOFUEL


2009 NA 0.5 0.6 11.1 10.5
2010 0.1 0.65 0.95 12.95 12.0


2011 0.25 0.8 1.35 13.95 12.6


2012 0.5 1.0 2.0 15.2 13.2


2013 1.0 * 2.75 16.55 13.8
2014 1.75 * 3.75 18.15 14.4
2015 3.0 * 5.5 20.5 15.0
2016 4.25 * 7.25 22.25 15.0
2017 5.5 * 9.0 24.0 15.0
2018 7.0 * 11.0 26.0 15.0
2019 8.5 * 13.0 28.0 15.0
2020 10.5 * 15.0 30.0 15.0
2021 13.5 * 18.0 33.0 15.0
2022 16.0 * 21.0 36.0 15.0


*Statute sets 1 billion gallons minimum, but EPA may raise requirement. 
Note: There is no statutory volume requirement for "conventional" biofuels, which are those that do not qualify as advanced. The conventional 
volumes in the table are calculated by subtracting advanced biofuel volumes from total renewable fuel volumes.



https://www.epa.gov/renewable-fuel-standard-program/overview-renewable-fuel-standard
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The RFS has a nested structure, as depicted in 
Figure 42. Given this nested structure, cellulosic 
ethanol qualifies in the cellulosic, advanced, and 
conventional biofuel categories. BD production 
enables compliance with BBD, advanced, and  
conventional biofuel categories. Advanced biofuels 
qualify for advanced and conventional biofuel 
components, while corn-based ethanol can only be 
applied to meet compliance with the conventional 
biofuel component. This nested structure of 
the RFS has played a key role in influencing the 
mix of ethanol and BBD currently produced, as 
discussed further below.105 It allows blenders the 
option of choosing to achieve compliance with the 
conventional biofuel mandate by blending BBD if it 
is cheaper to do so than through other avenues.


The implied statutory target for conventional 
biofuels specified in the RFS after 2012 would have 
required a corn-based ethanol blend rate that 
was greater than 10% and therefore required a 
significant amount of ethanol to be sold as a higher 
blend (beyond the 10% blend in E10). For example, 
assuming that the cellulosic biofuels obligation was 
primarily met with cellulosic ethanol, the RFS target 
for 2017 would have required the gasoline pool to 
average a 16% blend of ethanol from all sources; 
this implies that a substantial amount of ethanol 
would have needed to be sold as E85.106 For this 
to occur, E85 had to be priced competitively with 
E10. However, Zhong and Khanna107 show that the 
design of the RFS together with the relatively high 
cost of producing ethanol compared to biodiesel 
incentivized blenders to comply with the RFS by 
overproducing biodiesel blends instead of E85 and 
reduced incentives to create demand for E85 by 
pricing at energy equivalent parity with E10.  


105   Zhong, Jia and M. Khanna / Assessing the efficiency implications of renewable fuel policy design in the United States.


106  Zhong and Khanna, 2022


107 2022


108   Taheripour et al., / Economic Impacts of the U.S. Renewable Fuel Standard: An Ex-Post Evaluation, and Helmar et al., The Economic Impacts of U.S. Tariffs for Ethanol 
and Biodiesel. 


109   While MTBE critics commonly cite its listing as a probable carcinogen, the most immediate concern which led to its discontinuation was multiple incidents of MTBE 
from gasoline leaks and spills contaminating drinking water supplies where its taste and odor made the drinking water unpalatable at levels well below any health risk. This 
was compounded by the fact that MTBE does not readily biodegrade and there were no easy ways to remove it from contaminated water.


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Additional policy incentives have supported the 
U.S. biofuel industry at various points in time. The 
Volumetric Ethanol Excise Tax Credit was established 
by the American Jobs Creation Act of 2004 and 
continued through 2011 at levels varying between 
$0.40 and $0.60 per gallon of ethanol. Similarly, 
BBD blenders have received a tax credit of $1.00 for 
every gallon of BBD since 2010. An ethanol import 
tariff and restrictions on imports of BBD108 have also 
protected the domestic biofuel industry at varying 
levels over time. Elimination of the reformulated 
gasoline (RFG) per-gallon oxygenate requirement in 
June 2006 led refiners to rapidly discontinue the use 
of methyl tert-butylether (MTBE) in RFG,109 replacing 
it with ethanol as a cheap and nontoxic substitute. 
Since 2009, the corn ethanol price has generally been 
below gasoline price, and this has led refiners to use 
ethanol as an octane enhancer and blend it with 
lower-cost 84-octane gasoline to yield an 87-octane 
blend at the pump. As a result, the U.S. gasoline pool 
transitioned to be predominantly E10 faster than 
was required by the RFS.


FIGURE 42. NESTED BIOFUELS CATEGORIES UNDER 
THE RENEWABLE FUEL STANDARD



https://onlinelibrary.wiley.com/doi/10.1002/jaa2.23

https://www.frontiersin.org/articles/10.3389/fenrg.2022.749738/full

https://www.usda.gov/sites/default/files/documents/The_Economic_Impacts_of_U.S._Tariffs_for_Ethanol_and_Biodiesel.pdf

https://www.usda.gov/sites/default/files/documents/The_Economic_Impacts_of_U.S._Tariffs_for_Ethanol_and_Biodiesel.pdf
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In addition to these federal policies, a key state-level 
policy that has incentivized blending of biofuels is 
the Low Carbon Fuel Standard (LCFS) enacted by 
several states. It was first initiated by California in 
2010 and has since been enacted in Oregon and 
Washington. An LCFS program reduces the carbon 
intensity of transportation fuels within a specified 
jurisdiction and timeframe by granting credits to 
fuels that have a CI lower than the established 
target and penalizing with deficits those fuels in the 
transportation fuel pool with CIs higher than the 
target. A fuel producer with deficits must acquire 
enough credits through generation and acquisition 
to be in annual compliance with the standard. Some 
states, such as California, also have a carbon cap-
and-trade policy that generates an implicit price for 
carbon and penalizes high carbon fossil fuels and 
subsidizes low-carbon biofuels. Ethanol and BBD  
consumption in California increased from about 


110   Yeh, Sonia, J. Witcover, G. E. Lade, D. Sperling / A review of low carbon fuel policies: Principles, program status and future directions.


111   EPA / Annual Compliance Data for Obligated Parties and Renewable Fuel Exporters under the Renewable Fuel Standard (RFS) Program.


112   EIA / EPA finalizes Renewable Fuel Standard for 2019, reflecting cellulosic biofuel shortfalls.


250 million gallons in 2011 to 350 million gallons 
by 2016110 and almost all of the RD currently being 
produced in the U.S. is consumed in California to 
comply with the LCFS. 


Although the production of corn ethanol has grown 
significantly since 2007, the implied statutory targets 
for corn ethanol use set by the RFS in 2007 have 
not been met,111 while the production of BBD has 
exceeded the targeted level, as shown in  
Figure 43. Additionally, the supply of cellulosic 
biofuels has fallen far short of the quantities 
mandated by the RFS, and 99% of the cellulosic 
biofuels that are being produced are in the form 
of RNG, not ethanol.112 The absence of a supply of 
cellulosic biofuels at commercial scale and limited 
demand for ethanol has led EPA to lower the 
volumetric targets, particularly for cellulosic biofuels 
(which were expected to be primarily in the form of 


FIGURE 43. MANDATED AND ACHIEVED BIOFUEL PRODUCTION TARGETS
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https://www.sciencedirect.com/science/article/abs/pii/S0301421516303901?via%3Dihub

https://www.epa.gov/fuels-registration-reporting-and-compliance-help/annual-compliance-data-obligated-parties-and#nested-rvo

https://www.eia.gov/todayinenergy/detail.php?id=37712
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cellulosic ethanol). EPA lowered overall volumetric 
goals by 30% in 2018 but raised the target for BBD 
to 2.43 billion gallons in 2020. It also lowered the 
cellulosic biofuel requirement by exercising its 
cellulosic waiver authority. Incentives for cellulosic 
biofuel production have been further diminished by 
allowing blenders the option to waive their blending 
of cellulosic biofuels by paying a cellulosic biofuel 
waiver fee through the purchase of cellulosic waiver 
credits (CWCs) and blending an equivalent amount 
of non-cellulosic advanced biofuel to comply with 
the advanced biofuel and total renewable fuel 
obligations.


113   EPA / Proposed Renewable Fuel Standards for 2023, 2024, and 2025.


In December 2022, EPA announced the volumes 
required for compliance with the RFS in 2023-2025. 
This will raise total biofuel production to 22.68 
billion gallons by 2025, and of this, BBD production 
is expected to increase by 2.95 billion gallons per 
year and cellulosic biofuels by a little over 2.1 
billion gallons per year, as shown in Table 12.113 
Substantially all of the increase in the cellulosic 
biofuel targets in 2024 and 2025 is expected to come 
from electricity produced from biogas or RNG and 
utilized to charge EVs (known as eRINs).


The outlook for biofuel volumes and the mix of BBD,  
ethanol (first- and second-generation) and drop-in 
fuel for gasoline will depend on both technology 
development and policy incentives. Policy incentives 
and the design of policy will affect the demand for 
different types of biofuels. If the current nested 
design of the RFS with the cellulosic biofuel waiver 
provision together with the biodiesel tax credit is 
maintained, then it will continue to promote BBD 
production and limit incentives for selling higher 
blends of ethanol unless the marginal costs of 
producing BBD become larger than those of corn 
ethanol. However, with the proposed phaseout of 
the CWC and BTC and provision of the clean fuels 
production credit (CFPC), incentives for producing 
lower carbon biofuels from cellulosic feedstocks 


TABLE 12. PROPOSED VOLUME TARGETS  
(BILLION GALLONS)


2023 2024 2025


Cellulosic Biofuel 0.72 1.42 2.13
Biomass-based 
Diesel 2.82 2.89 2.95


Advanced Biofuel 5.82 6.62 7.43


Renewable Fuel 20.82 21.87 22.68


Supplemental 
Standard 0.25 N/A N/A


Source: Stillwater analysis of U.S. EPA Fuel Economy Guides 
2000-2021



https://www.epa.gov/renewable-fuel-standard-program/proposed-renewable-fuel-standards-2023-2024-and-2025#:~:text=Additional%20Resources-,Rule%20Summary,and%20expand%20the%20RFS%20program

https://www.fueleconomy.gov/

https://www.fueleconomy.gov/
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and waste products can be expected to increase.114  
Additionally, anticipated reduction in demand for 
gasoline in the future with increasing fuel efficiency 
of conventional vehicles, together with growing 
demand for EVs, can be expected to reduce demand 
for E10. Thus, it is likely that there will be limited 
incentives to increase capacity to produce ethanol 
from first- or second-generation feedstocks in 
the near future under the current policy regime. 
As noted above, however, proposals currently in 
Congress to extend the favorable RVP treatment 
provided to E10 to E15, if adopted, would facilitate 
growth in E15.


However, concerns about climate change and further 
reduction in the dependence on fossil fuels as well 
as technology breakthroughs that lead to drop-in 
biofuels that can be blended with gasoline (similar 
to RD for diesel vehicles) could alter incentives 
to increase consumption of biofuels. Despite the 
growing interest in EVs, conventional vehicles are 
still expected to have a dominant share in the near 


114   Including used cooking oil (UCO), distillers corn oil (DCO), and inedible tallow.


115   EIA / AEO 2022, Motor gasoline remains the most prevalent transportation fuel despite electric vehicles gaining market share.


116   117th Congress / Public Law 117-58.


117   117th Congress / Public Law 117-169.


to medium term. While annual sales of EVs have 
been growing in the U.S., the total EV share of on-
road light-duty stock was about 1% in 2021 and, 
according to AEO 2022, is expected to grow to 9% in 
2050, based on laws and regulations current as of 
November 2021.115 The 2022 federal Infrastructure 
Investment and Jobs Act116 and Inflation Reduction 
Act117—which together provide substantial support 
for EV manufacturing, consumer purchase, and 
recharging infrastructure—were enacted after 
publication of the AEO 2022 and, thus, were not 
considered in that outlook. These new policies will 
be considered in the AEO 2023, published in March 
2023; this updated outlook, also subject to consumer 
preferences and acceptance, is expected to project 
a more rapid transition to EVs than AEO 2022. Thus, 
demand for ethanol in the long run will depend on 
the extent to which policy and technology can raise 
the blend rate with gasoline and induce compliance 
by incentivizing consumers to buy higher blends by 
pricing them appropriately.   



https://www.eia.gov/outlooks/aeo/narrative/consumption/sub-topic-01.php

https://www.congress.gov/117/plaws/publ58/PLAW-117publ58.pdf

https://www.congress.gov/117/bills/hr5376/BILLS-117hr5376enr.pdf
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10.2 MARGINAL AND INCREMENTAL FEEDSTOCKS


Any discussion of the future growth in biofuel production and consumption begins with the historical trend 
in biofuel production and a look at marginal and incremental current feedstocks. We begin with production 
levels of ethanol and BD.118


Ethanol production in the U.S. had grown from less than 2 billion gallons in the year 2000 to 6.5 billion gallons 
in 2007 at the time of the passage of the RFS. Since then, it increased to over 16 billion gallons in 2018, when 
it accounted for 52% of world output. Following the decline in gasoline consumption due to the pandemic 
and slow growth in its consumption since then, ethanol production has declined and was about 15 billion 
gallons in 2021. The U.S. is both an importer of sugarcane ethanol from Brazil and a growing exporter of corn 
ethanol to the rest of the world. Ethanol imports have been small and declining in recent years while ethanol 
exports have grown to about 1.2 to 1.8 billion gallons a year in recent years.


As can be seen in Figure 44,119 BD production has grown from negligible levels in 2002 and doubled between 
2011 and 2016, reaching about 1.5 billion gallons in 2016, accounting for 20% of world output. Over time, the 
amount of RD produced has also grown and is now equal to that of BD in the U.S.; together they reached a 
peak of about 2.4 billion gallons in 2020. In 2021, the U.S. produced 1.64 billion gallons of BD and 0.86 billion 
gallons of RD.


118   USDA ERS / U.S. Bioenergy Statistics.


119   USDA ERS / U.S. Bioenergy Statistics.
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FIGURE 44. BIOFUEL PRODUCTION IN THE U.S.
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https://www.ers.usda.gov/data-products/u-s-bioenergy-statistics/

https://www.ers.usda.gov/data-products/u-s-bioenergy-statistics/
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Fuel ethanol use


10.2.1 TRENDS IN FEEDSTOCK PRODUCTION FOR BIOFUELS 


Corn production has grown over the past four decades to over 16 billion bushels in recent years. The amount 
of corn used for food and feed has fluctuated around 10 billion bushels over the 1980-2022 period.120 
Meanwhile, U.S. corn exports have slowly increased since the initiation of the RFS to over 2 billion bushels 
annually.121 Over this same period, an increasing share of corn is being converted to ethanol. As shown in  
Figure 45, 122,123 the share of corn being converted to ethanol has increased from less than 5% prior to 2000 to 
33% in 2022, after peaking at 40% in 2012.


120   USDA ERS / U.S. Bioenergy Statistics.


121   USDA / WASDE Report.


122   USDA ERS / U.S. Bioenergy Statistics.


123   USDA / WASDE Report.
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https://www.ers.usda.gov/data-products/u-s-bioenergy-statistics/

 https://www.usda.gov/oce/commodity/wasde

https://www.usda.gov/oce/commodity/wasde

https://www.ers.usda.gov/data-products/u-s-bioenergy-statistics/

 https://www.usda.gov/oce/commodity/wasde

https://www.usda.gov/oce/commodity/wasde
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In 2021, 23.8 billion pounds of feedstock were converted to BBD. Two feedstocks were the primary source 
of BBD that year —soybean oil accounted for 68%, and corn oil accounted for 20%. Almost a third of the corn 
converted to ethanol is converted to a byproduct called dried distillers grains with solubles (DDGS) and 
contains all of the protein and fiber content of the corn after the starch content is converted to ethanol. This 
is used as animal feed and to produce corn oil which is then converted to BD and RD.124  (Figure 46 125)


Soybean production in the U.S. has grown from about 2.8 billion bushels to about 4.5 billion bushels over 
the last two decades, with exports growing from about 1 billion bushels to over 2 billion bushels annually. 
According to the U.S. Department of Agriculture’s 2022 projections, soybean production will increase to 
about 5 billion bushels by the end of this decade. BBD production started growing in about 2005, and the 
share of soybean oil used for BBD has grown to 10 billion pounds, which accounts for 40% of the soybean 
oil produced in 2022. This growth in demand for BD and RD production has resulted in soybean oil exports 
falling from a recent high of 2.8 billion pounds (2019/20 marketing year) to a projected 1.1 billion pounds  
(for the 2022/23 marketing year).


124   EIA / Biofuels Explained.


125  USDA ERS / U.S. Bioenergy Statistics. 
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FIGURE 46. SOYBEAN OIL FOR BIOMASS-BASED DIESEL AND OTHER USES


Soybean oil for other than biodiesel % of soybean oil used for biodiesel



https://www.eia.gov/energyexplained/biofuels/biodiesel-rd-other-basics.php

https://www.ers.usda.gov/data-products/u-s-bioenergy-statistics/
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10.2.2 LAND USE AND ECONOMIC 
IMPL ICATIONS OF BIOFUEL FEEDSTOCK 
PRODUCTION


Demand for biofuels increases demand for the 
feedstock needed for conversion to biofuel. In the 
case of food crop-based biofuels, this demand is met 
through many sources. This demand for feedstock 
may be met by reducing the amount used for food/
feed, reducing exports, increasing production, and 
reducing existing supplies of feedstock. Production 
increases come in the form of increased per-acre 
yields and reallocation of farm acreage from other, 
less valuable, crops. All of these changes are induced 
by higher crop prices that result from increasing 
demand with an upward sloping supply curve for 
the crop. By increasing demand for the crop, biofuel 
mandates increase crop prices, at least in the near 
term. This creates incentives to bring more land 
into the production of that crop. This can lead to 
land under other crops being converted to produce 
biofuel feedstock crops as well as non-cropland 
being brought into crop production.126 Conversion of 
non-cropland, particularly permanent pastureland 
or grasslands, to crop production raises concerns 
about the release of carbon stored in soils and 
vegetation to the atmosphere. The extent to which 
each of the mechanisms described above is utilized 
to meet the demand for biofuel feedstock depends 
on the price responsiveness of the demand for food/
feed and the price responsiveness of the feedstock 
supply function. In the long run, increases in crop 
yields at a rate faster than the increase in demand 
for food/feed can result in an increase in supply 
of feedstocks for biofuels, and this can reduce the 
adverse impact of biofuel demand on crop prices.


126   By statute, crops used as feedstocks for RFS-compliant renewable fuels can only be “…harvested from agricultural land cleared or cultivated at any time prior to the 
enactment of this sentence that is either actively managed or fallow, and nonforested.”


127   USDA / Acreage.


128   Austin, K.G., J.P.H. Jones, and C.M. Clark / A review of domestic land use change attributable to U.S. biofuel policy; Taheripour et al., / Economic Impacts of the U.S. 
Renewable Fuel Standard: An Ex-Post Evaluation; Helmar et al., The Economic Impacts of U.S. Tariffs for Ethanol and Biodiesel; Chen, Xiaoguang and M. Khanna / Effect of 
corn ethanol production on Conservation Reserve Program acres in the US; Wang, Weiwei and M. Khanna / Land Use Effects of Biofuel Production in the US.


129   The Conservation Reserve Program (CRP) is administered by the Farm Service Agency. In exchange for a yearly rental payment, farmers enrolled in the program agree 
to remove environmentally sensitive land from agricultural production and plant species that will improve environmental health and quality. Contracts for land enrolled 
in CRP are from 10 to 15 years in length. The long-term goal of the program is to re-establish valuable land cover to help improve water quality, prevent soil erosion, and 
reduce loss of wildlife habitat.


The extent of crop price increase and land use 
change due to biofuels has been a controversial 
issue, primarily because it is not directly measurable 
by comparing prices or land use before and after 
biofuel mandates. Other factors influence land use 
and crop prices, and it is difficult to separate the 
effects of biofuels from those of other accompanying 
changes. In fact, USDA annual reporting of crop 
acreage indicates that total U.S. land use for crops 
has actually declined since the enactment of the 
RFS.127 Instead, attributing crop price changes and 
land use changes to biofuels requires a “with and 
without biofuel” comparison holding all other 
factors constant. This requires comparing outcomes 
in a scenario with policy-induced biofuels to a 
counterfactual scenario with no biofuels policy and 
analyzing the difference in crop prices and land 
use. A counterfactual scenario can be constructed 
using economic models that simulate market 
behavior, market clearing crop prices, and allocation 
of land to various uses by varying the amount of 
biofuel produced and assuming that consumers 
and producers seek to maximize their net benefits. 
These economic models differ in the number of 
sectors they consider, temporal resolution (annual 
or multiyear), spatial resolution (regional, crop 
reporting district), and the degree of market detail. 
A wide range of literature offers estimates for the 
land use and crop price effects of corn ethanol; a few 
studies have also analyzed these effects of BBD.128 


As biofuel production has expanded since 2007, 
land enrolled in the Conservation Reserve Program 
(CRP)129 has declined from 36.7 million acres in 
2007 to 22.6 million acres in 2018, and studies show 
that cropland in the vicinity of ethanol plants has 



https://usda.library.cornell.edu/concern/publications/j098zb09z

https://www.sciencedirect.com/science/article/pii/S136403212200106X

https://www.frontiersin.org/articles/10.3389/fenrg.2022.749738/full

https://www.frontiersin.org/articles/10.3389/fenrg.2022.749738/full

https://www.usda.gov/sites/default/files/documents/The_Economic_Impacts_of_U.S._Tariffs_for_Ethanol_and_Biodiesel.pdf

https://www.sciencedirect.com/science/article/abs/pii/S030626191830669X

https://www.sciencedirect.com/science/article/abs/pii/S030626191830669X

https://iopscience.iop.org/article/10.1088/2515-7620/acd1d7





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


96


The impact of using a 
growing share of corn 
for fuel instead of 
food has declined over 
time due to increasing 
crop yields, corn-to- 
biofuel conversion 
process efficiency,  
and improvements  
in extraction.


TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS







TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


97


increased since 2007. Wright et al.130 estimate that 
4.2 million acres of non-cropland were converted 
to crop production within 100 miles of biorefinery 
locations between 2008 and 2012; this included 3.6 
million acres of converted grassland. These data 
implicitly assume that this cropland expansion was 
entirely due to corn ethanol expansion as it occurred 
over the same period of time. Comparing cropland 
acres before and after these two points in time is 
somewhat misleading since it does not consider 
changes in cropland acres that have occurred since; 
instead, it is preferable to compare land use with 
and without biofuels at a point in time (holding all 
else the same). Cropland acres have declined after 
2014 as crop prices declined. Li et al.131 analyzed 
the extent to which cropland within a 25-kilometer 
radius of corn ethanol refineries expanded due to 
ethanol production as well as cropland expansion 
that occurred in response to an increase in corn 
and other crop prices. They examined changes 
between 2008 and 2012 and also between 2008 
and 2014. They showed that cropland expansion 
occurred due to increases in both ethanol capacity 
and crop prices. They found that keeping all other 
factors unchanged, the increase in ethanol capacity 
led to a 2.9 million acre (3.1%) increase in corn 
acreage and a 2.1 million acre (0.9%) increase in 
total crop acreage by 2014 when compared to 2008; 
this was equivalent to a cropland expansion of 0.43 
million acres per billion gallons (2008-2014). This is 
consistent with findings by other studies that have 
sought to examine the extent to which these changes 
in land use can be attributed to biofuel production. 
This estimate is close to the estimates ranging 
between 0.4 and 0.45 million acres per billion gallons 


130   Wright, Christopher K., B. Larson, T. J. Lark, and H. K. Gibbs / Recent grassland losses are concentrated around U.S. ethanol refineries.


131   Li, Yijia, R. Miao, M. Khanna / Effects of Ethanol Plant Proximity and Crop Prices on Land-Use Change in the United States.


132   Li et al., / Effects of Ethanol Plant Proximity and Crop Prices on Land-Use Change in the United States.


133   2022


134   Lark, Tyler J. et al., / Environmental outcomes of the US Renewable Fuel Standard.


135   This differs from the estimate reported in Austin et al (2022) which incorrectly reports their land use change estimate as 2.1 million acres instead of 2.1 million hectares. 


136   in review


137   Example: Soybean oil is a byproduct of soybean meal production, corn oil is a byproduct of ethanol production, tallow is a byproduct of meat production.


138   in review


obtained in Chen and Khanna.132 A review of the 
literature by Austin et al.133 found a median estimate 
of 0.47 million acres per billion gallons, with the 
recent estimate by Lark et al.134 of 0.94 million acres 
per billion gallons being at the upper end.135 


In a more recent analysis, Wang and Khanna136 
examine the annual changes in total cropland 
expansion per unit of the annual increase in corn 
ethanol production in each year (2008-2018). 
They considered two scenarios, one that allowed 
permanent pastureland to be converted to cropland 
and one that did not. They found that the estimate 
ranged between 0.41 and 0.57 million acres of 
cropland conversion per billion gallons without 
inclusion of pastureland; the corresponding estimate 
with inclusion of pastureland is 0.71 to 0.75 million 
acres per billion gallons. They estimate that the 
quadrupling of corn ethanol production to 16.1 
billion gallons in 2018 relative to 3.9 billion gallons 
in the counterfactual scenario (with no RFS) led 
to a 2.4% increase in total cropland used for crop 
production in 2018.


There have been relatively few studies of the impact 
of BBD production on land use change. Such an 
analysis is complicated by the fact that all BBD 
feedstocks in the U.S. are byproducts from the 
production of other commodities.137 In a recent 
study, Wang and Khanna138 find that BBD production 
is much more land-intensive than corn ethanol. 
They estimate that it required 0.78-1.5 million acres 
per billion gallons of BBD in the 2008-2018 period, 
depending upon assumptions about whether or not 
pastureland can convert to crop production.



https://iopscience.iop.org/article/10.1088/1748-9326/aa6446

https://onlinelibrary.wiley.com/doi/abs/10.1093/ajae/aay080

https://onlinelibrary.wiley.com/doi/abs/10.1093/ajae/aay080

https://www.pnas.org/doi/10.1073/pnas.2101084119
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10.2.3 EFFECT OF BIOFUEL FEEDSTOCK 
PRODUCTION ON CROP PRICES


A number of studies have conducted ex-ante 
simulations (based on forecasts rather than actual 
results) of the impact of biofuels on food crop 
prices.139 These simulations rely on a number of 
different assumptions, including those about the 
responsiveness of crop yields to higher crop prices, 
technological improvements, the availability of 
marginal/idle land, and the ease with which farmers 
can double crop and convert land across uses. 
These studies show that the impact of biofuels on 
crop prices has varied over time and was between 
10% and 30%, with the impact depending on the 
period of analysis, the modeling approach used, 
and other factors such as crop inventories, growth in 
demand, energy prices, and restrictive trade policies. 
Hochman et al.140 show that the rise in biofuel 
production in 2007-2008 caused crop inventories 
to decline significantly, which affected corn prices. 
They estimate that biofuels accounted for about 20% 


139  Khanna, Madhu, D. Rajagopal, and D. Zilberman / Lessons Learned from US Experience with Biofuels: Comparing the Hype with the Evidence. 


140   2014


141   Wang and Khanna (in review)


142   2018


of the increase in corn prices between 2001 and 2007 
and another 10% of the price increase between 2008 
and 2011. 


Wang and Khanna141 estimate that relative to a 
no-policy scenario with corn ethanol and BBD 
production at 2005 levels, the increase in demand 
for corn for ethanol raised corn prices by 31.4% and 
soybean prices by 20.6% in 2018. It also increased 
land rents by 30%. The addition of demand for BBD 
led to a further increase in land rent by 6.6% in 2018 
compared to corn ethanol alone. It also raised corn 
and soybean prices by 4.3% and 8.2%, respectively, 
in 2018 relative to a scenario with corn ethanol 
alone. 


Hochman and Zilberman142 found that the impact 
of biofuels was stronger in agricultural commodity 
markets than in markets for final consumer products; 
in the long term, biofuels were estimated to increase 
corn prices by an average of 14%, while the impact 
on final consumer prices in the U.S. was estimated to 
be around 1%.  



https://www.journals.uchicago.edu/doi/abs/10.1086/713026
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10.3 PROJECTIONS OF DEMAND FOR BIOFUELS AND BIOFUEL FEEDSTOCKS


EIA’s AEO 2022 projects that U.S. biofuel production will increase slowly up to 2050 in the Reference Case 
scenario, assuming current laws and regulations, as shown in Figure 47.143 Ethanol production is projected to 
increase from 13.3 billion gallons in 2021 in the Reference Case scenario to 16.1 billion gallons (an increase 
of 20%); estimates could range between 13.9 and 17.3 billion gallons in the low oil price and high oil price 
scenarios, as shown in Figures 47 and 48 respectively. EIA expects that U.S. gasoline use will decline by 
4.5% between 2023 and 2037, and that in 2037 gasoline demand will be lower than 2021 levels despite 
population growth that increases the demand for transportation. After 2037, U.S. gasoline use is expected to 
grow as population increases offset the declines in per-capita gasoline use. Declining gasoline consumption 
is expected to lower ethanol consumption since ethanol is mainly expected to be consumed as E10. E85 
consumption is projected to remain flat over this period, given current policies. Ethanol imports and exports 
are expected to remain small and flat at least over the next decade.144  


143   Biofuels are defined here to include denatured ethanol, biodiesel and other biomass derived liquid fuels, including pyrolysis oils, biomass-derived Fischer-Tropsch 
liquids, biobutanol, and renewable feedstocks used for the on-site production of diesel and gasoline.


144   USDA, 2022
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Source: AEO 2022
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Biomass-based diesel production is expected to increase, particularly in the AEO 2022 high oil price scenario, 
as it substitutes for the more expensive diesel. RD production levels are anticipated to exceed those of 
BD production from 2022 onwards driven by demand induced by the California LCFS, which is currently 
consuming nearly all of the RD produced in the U.S.145 RD is more expensive to produce than BD but its 
production is expected to grow due to compatibility with existing infrastructure and engines, state and 
federal targets for renewable fuel, and incentives for conversion of existing petroleum refineries into RD 
refineries. RD production is projected to increase from about 2 billion gallons in 2022 to 2.22 billion gallons 
by 2050, while BD production is projected to decrease from 1.9 billion gallons in 2022 to 1.4 billion gallons by 
2040 and then increase back to 1.9 billion gallons by 2050. The USDA146 expects that RD will continue to rely 
primarily on non-soybean oil feedstocks but will also increasingly use soybean oil. (Figure 48)


145   EIA / EIA Projects U.S. renewable diesel supply to surpass biodiesel in AEO2022.


146   2022
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https://www.eia.gov/todayinenergy/detail.php?id=51778
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AEO 2022147 projects that biofuels as a percentage of U.S. motor gasoline and diesel will remain fairly flat 
in the Reference Case scenario and increase to 10.3% by 2050 as shown in Figure 49. This is in part due to a 
projected increase in the share of biomass-based diesel in petroleum diesel from 6% in 2020 to about 8% by 
2050 and partly due to a mild increase in ethanol production and flat gasoline consumption over this period, 
as shown in Figure 50.  


As can be seen in Figure 50, BD production is projected to decline in the next two decades and then increase 
by 2050, while RD is projected to stay flat and then grow steeply after 2040.


147   EIA / Annual Energy Outlook 2022 Chart Library.
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FIGURE 50. BIOMASS-BASED DIESEL PRODUCTION IN THE AEO REFERENCE CASE


Source: AEO 2022


Source: AEO 2022



https://www.eia.gov/outlooks/aeo/pdf/AEO2022_ChartLibrary_full.pdf
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TABLE 13. EFFECTS OF THE CORN ETHANOL MANDATE ON LAND USE AND CROP PRICES IN 2030


USDA148 projects that corn production will continue 
to grow over the next decade to meet increasing 
demand for meat production while planted acreage 
will remain stable at 90 million acres and then 
decline gradually to 89 million acres as yields 
continue to grow. Corn is expected to be the primary 
feedstock for ethanol and to account for more than 
98% of ethanol production. Over the next decade, 
the amount of corn used for ethanol production is 
projected to remain relatively flat, decreasing by 
less than 0.2% over the decade. The amount of corn 
used for ethanol is expected to grow mildly from 5.1 
to 5.2 billion bushels by 2030. Corn used to produce 
ethanol is expected to continue to be a substantial 
source of demand for the fuel sector, accounting for 
about one-third of total U.S. corn use over the next 
decade. 


Assuming that the volumetric requirement for 
biomass-based diesel under the RFS remains around 
2.4 billion gallons, the USDA projects that soybean oil 
to produce BBD will increase from 8.15 billion pounds 
in 2021/22 to 8.6 billion pounds by the end of the 
projection period, supporting an annual production 
of over 1.1 billion gallons of soybean oil-based BBD. 


148   USDA / USDA Agricultural Projections to 2031.


149   Luoye, Chen et al / The economic and environmental costs and benefits of the renewable fuel standard.


10.3.1 EFFECTS OF CORN ETHANOL 
MANDATE ON LAND USE AND CROP PRICES 
IN 2030


Chen et al.149 projected the effects of a 15-billion-
gallon mandate maintained until 2030 and 
compared them to the effects with no biofuel policy 
after 2007 (with corn ethanol at the 2007 level 
of 6.5 billion gallons). They find that demand for 
corn for biofuels would result in a 23% increase in 
corn acreage that would be met partly by reducing 
acreage under other crops, such as soybeans, wheat 
and others, and partly by increasing total crop 
acreage. Total crop acreage would be 5.4% or 15 
million acres higher than with no biofuel policy; of 
this, a 10-million-acre increase would be on land that 
would have become idle otherwise, and a 5-million-
acre increase would be on land that was marginal/
idle in 2016.


About 33% of corn produced would be used for 
ethanol production (5.2 million bushels). Corn 
prices would be 12% higher, soybean prices would 
be 7% higher, and land rents would be 11% higher 
compared to the no-biofuel policy case. (Table 13)


NO BIOFUEL 
POL ICY


TOTAL 
RENEWABLE FUEL


"CONVENTIONAL" 
B IOFUEL


Total Crop Acreage (M acres) 270.2 284.7 5.4%
Corn Acreage (M acres) 67.8 83.2 22.6%


Soybean Acreage (M acres) 83.5 82.2 -1.6%


Corn Production (M bushels) 13227.2 16020.9 21.1%


Soybean Production (M bushels) 4393.1 4297.8 -2.2%
Corn for Ethanol Production (M bushels) 2079 5222.5 151.2%
Corn Price ($ per bushel) * 3.2 3.6 11.9%
Soybean Price ($ per bushel) * 7.1 7.6 7.1%
Land Rent ($ per acre) * 82.3 91.2 10.8%


Source: Chen et al. (2021) 
*All prices are in 2016 dollars



https://www.usda.gov/sites/default/files/documents/USDA-Agricultural-Projections-to-2031.pdf

https://iopscience.iop.org/article/10.1088/1748-9326/abd7af/meta

https://iopscience.iop.org/article/10.1088/1748-9326/abd7af/meta
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10.4 NEXT GENERATION FEEDSTOCKS


Significant increases in the volume of biofuel 
production in the future can be expected to require 
reliance on nonfood crops since significant shares 
of current food crops—corn and soybeans—are 
already being converted to biofuel. Fats, oils, and 
waste greases are also being converted to BBD, 
but their quantities are limited and dependent on 
supply conditions in other markets. Nonfood crop 
options for biofuels offer the potential for increasing 
dedicated supply of feedstock without displacing 
food crops and minimizing diversion of cropland 
to fuel production. These feedstocks include cover 
crops like pennycress and carinata, which can be 
converted to BBD, as well as biomass from residues 
of corn and wheat and from dedicated energy crops. 
High-yielding energy crops which are typically 
perennials, like miscanthus, switchgrass, and energy 
cane, as well as short rotation woody crops, like 
poplar and willow, and some annual crops, notably 
energy sorghum, are being considered for  
biofuel production.


150   Phippen, Winthrop B. et al / From Farm to Flight: CoverCress as a Low Carbon Intensity Cash Cover Crop for Sustainable Aviation Fuel Production. A Review of Progress 
Towards Commercialization.


10.4.1 COVER CROP FEEDSTOCKS FOR  
B IOMASS-BASED DIESEL


Pennycress 
Pennycress is a winter/annual cover crop that can be 
grown throughout the Midwest. Pennycress is being 
improved as a biofuel feedstock with higher oil and 
protein content through gene editing and breeding, 
and the converted product is known as CoverCress 
or golden pennycress.150 It can be converted to 
RD or sustainable aviation fuel (SAF). As a winter 
oilseed, pennycress can be grown during the fallow 
season with existing rotations in the Midwest and 
avoid the need for land use change. It can also 
provide ecosystem benefits by reducing soil erosion, 
breaking disease and pest cycles, recycling nutrients 
in the soil, reducing nutrient loss, and reducing weed 
problems. Only the seed is harvested, and the rest of 
the biomass is returned to the soil, which increases 
soil carbon and soil fertility. It is not invasive and 
has minimal impact on yield of soybean crops that 
follow pennycress. It provides an additional source 
of income for the farmer and can be produced using 
the same farm equipment  
as soybeans.



https://www.frontiersin.org/articles/10.3389/fenrg.2022.793776/full

https://www.frontiersin.org/articles/10.3389/fenrg.2022.793776/full





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


104


Carinata 
Carinata (Ethiopian mustard or Brassica carinata) 
was introduced in the southeastern U.S. in 2010 
through a joint research collaboration between 
the University of Florida and Agrisoma Biosciences 
Incorporated. Carinata grows in the winter months 
and, like pennycress, provides cover to the bare 
ground with consequent ecosystem benefits to soil 
and water. Carinata is more frost tolerant and has 
higher oil content than other oilseed crops in the 
southeastern U.S.


Camelina 
Camelina (Camelina sativa L.) is a summer annual 
oilseed crop that is grown in Montana and Oregon. It 
is a short season crop that matures in 85 to 100 days 
and can be grown on marginal land. Camelina oil can 
be used in both edible and industrial products. It can 
grow under drought stress conditions and is suited 
to low rainfall regions. Camelina has an oil content of 
26-42% with an average of 35% and an average yield 
of 1,600 pounds per acre.151


Additional detail on next generation cover crop 
feedstocks can be found in Appendix A.


10.4.2 CELLULOSIC BIOMASS  
FEEDSTOCKS FOR BIOFUELS


Cellulosic biomass for biofuels can be obtained 
from various sources. These include crop residues 
which are a by-product of corn or wheat as well as 
biomass produced from dedicated energy crops 
that require switching land from conventional 
crops or low-quality land that is currently idle to 
energy crops. There are several choices for energy 
crops that differ in their features such as yields, 
length of their lifetime, establishment lag (between 
planting and obtaining a harvestable yield), input 
requirements, suitability of growing conditions, 
and riskiness of production. These features affect 
the costs and benefits of energy crops relative to 
each other, and these costs and benefits will vary 
across locations for a given feedstock. Farmers will 


151   Oregon State University Extension Service / Economics of Oilseed Crops and Their Biodiesel Potential in Oregon’s Willamette Valley.


need long-term firm contracts for biomass and an 
assured price for biomass from biofuel producers 
to convert land to energy crops and incur the 
upfront costs of establishing perennials. If such 
a contract is available, then farmers must decide 
not only whether to grow an energy crop but also 
which energy crop to grow. Since these dedicated 
energy crops may be competing for the same land 
and for achieving compliance with a given implied 
volumetric target for cellulosic biofuels, assessing 
the mix of feedstocks likely to be produced requires 
a comprehensive modeling analysis that takes into 
account the relative yield, costs, and returns from 
alternative energy crops, the price of biomass, and 
the availability of various types of land to grow them. 


Additional information concerning the various 
herbaceous agricultural feedstocks that are 
considered promising for cellulosic biofuel 
production can be found in Appendix B.



https://ir.library.oregonstate.edu/downloads/rv042v00j
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10.5 RISKS AND UNCERTAINTIES 
AFFECTING CELLULOSIC FEEDSTOCK 
PRODUCTION


Cellulosic feedstock production faces several risks 
and uncertainties that affect feedstock supply and 
costs and the demand for cellulosic biofuels. While 
corn stover is a readily available feedstock as a by-
product of corn production, it has relatively low yield 
per acre, and its quantities are likely to be limited by 
available land under corn. Furthermore, its harvest 
for bioenergy can have negative impacts on soil 
organic matter and soil erodibility. Thus, large-scale 
cellulosic biofuel production will require a transition 
from corn stover to perennial energy crops. There 
are a number of risks and uncertainties that affect 
farmers’ willingness to grow energy crops and 
investors’ willingness to build cellulosic biorefineries. 
We discuss these briefly in the subsections below, 
with more detail available in Appendix C.


10.5.1 AVAILABIL ITY OF MARGINAL LAND 
The potential to grow energy crops on marginal land 
is appealing because it implies that these crops can 
be grown, at least to some extent, without diverting 
cropland. Use of marginal land for energy crop 
production would result in lower cost feedstock 
for biofuels. The availability of this land and the 
costs of converting land to energy crop production 
can significantly affect biomass supply and costs. 
As shown in Figure 51, in general, the average 
breakeven price of miscanthus and switchgrass is 
about twice as high on cropland as on marginal land, 
suggesting that it would be economically rational for 
landowners to prefer growing these crops on their 
available marginal land. Identifying this land at fine 
spatial resolution is challenging in the absence of 
economic data on returns to land, and uncertainty 
about the availability of this land creates uncertainty 
about biomass supply and cost.


FIGURE 51. BREAKEVEN PRICES ($/MT) OF MISCANTHUS AND SWITCHGRASS ON MARGINAL LAND  
AND CROPLAND


Source: https://www.choicesmagazine.org/choices-magazine/theme-articles/economic-and-policy-analysis-of-advanced-biofuels/are-bioenergy-
crops-riskier-than-corn-implications-for-biomass-price 
(a): Breakeven prices of miscanthus grown on marginal land under risk neutrality scenario.  
(b): Breakeven prices of miscanthus grown on cropland under risk neutrality scenario.  
(c): Breakeven prices of miscanthus grown on cropland under risk aversion scenario.  
(d): Breakeven prices of miscanthus grown on cropland under risk aversion scenario minus those of under risk neutrality scenario.  
(e)-(h) are the counterparts of (a)-(d) for switchgrass.



https://www.choicesmagazine.org/choices-magazine/theme-articles/economic-and-policy-analysis-of-advanced-biofuels/are-bioenergy-crops-riskier-than-corn-implications-for-biomass-price

https://www.choicesmagazine.org/choices-magazine/theme-articles/economic-and-policy-analysis-of-advanced-biofuels/are-bioenergy-crops-riskier-than-corn-implications-for-biomass-price
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10.5.2 R ISKS AND UPFRONT COSTS OF 
PRODUCING ENERGY CROPS


Unlike annual crops, energy crop production can 
involve high upfront costs of establishment and 
require several years before a harvestable crop 
is obtained. If the land was previously producing 
profitable crops, the forgone income from the land 
during those early years adds to the upfront costs 
of establishment. Energy crops can also expose 
farmers to a yield risk that is different from that of a 
conventional crop. A risk-averse farmer’s willingness 
to produce biomass and that farmer’s choice of 
biomass crops will depend not only on the average 
returns from the crop’s production but also on its 
yield riskiness, the temporal profile of the returns, 
and its potential to diversify the crop portfolio. 
Willingness to convert land to biomass production 
will depend on the risk and time preferences of the 
farmer, the presence of a credit constraint (e.g., 
the availability of loans to finance perennial crop 
establishment), and the location of their farmland.


The disincentive for producing energy crops is 
likely to be particularly large if farmers are risk 
averse, preferring lower variability in returns at a 
point in time and over time, and if they have high 
discount rates (preferring income today instead 
of receiving the same amount in a future year) 
combined with a constraint on credit to cover the 
costs of establishment. These disincentives imply 
that a farmer will need to receive a higher price 
for producing energy crops compared to the price 
needed in the absence of risks, upfront costs, and 
easy availability of credit to cover those costs.


Miao and Khanna152 estimate the extent to which 
risk-averse landowners will require higher prices for 
energy crop production to cover a risk premium. A 
positive risk premium is needed if the returns with 
energy crops are riskier than returns with row crops. 
The risk premium for an energy crop depends on 
the yield risk and price of corn and soybeans, as 


152   2014


well as on the production costs of both the energy 
crop and corn and soybeans. They find that the risk 
premium is positive, on average, in the rainfed U.S., 
even though miscanthus has a lower relative yield 
risk than corn in most counties in the lower Midwest 
and large tracts of the South. This is because of the 
high fixed costs of producing miscanthus, which 
increase the relative variability of profits in response 
to variability in yields. The risk premium needed 
to induce conversion of cropland to switchgrass 
is even higher than for miscanthus due to the 
larger variability in switchgrass yields and the high 
opportunity costs of cropland.


10.5.3 UNCERTAINTY ABOUT DEMAND  
FOR BIOMASS


Biomass markets are yet to develop, but even when 
they do, they are expected to be very thin because 
biomass is costly to transport long distances. A 
refinery or biomass processor would be expected to 
obtain biomass from within a 25- or 50-mile radius 
of the processing plant to keep transportation costs 
low. With life spans of 10 to 15 years or even longer, 
perennial energy crops expose farmers to the risk 
of lack of demand for their crop if the refinery or 
processing plant nearby shuts down. In the event 
of the shutdown, the standing crop would lose 
significant value before the farmer has had time to 
recover the upfront investment in establishing it. 


Demand for biomass is highly dependent on policy 
related to the use of bioenergy for transportation 
or electricity generation. In the past, uncertainties 
in the implementation of the cellulosic biofuel 
mandate component of the RFS and the cellulosic 
biofuel waiver policy have limited incentives to 
invest in biorefineries that would use energy crops 
as feedstock. With greater policy-induced assurance 
of demand for biomass and the CFPC incentives, 
supply of biomass from energy crops is more likely 
to emerge.
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Investment in perennial energy crops also suffers 
from a chicken-and-egg problem. Farmers will be 
unwilling to convert land to produce an energy 
crop without certainty of a functioning biorefinery 
to purchase the biomass. Likewise, without 
preestablished energy crop production, a refinery 
seeking to produce cellulosic biofuel will be unable 
to secure funding or commence operation. Since it 
can take two to three years to establish an energy 
crop, contracts for energy crop production would 
need to start several years before the refinery can 
expect to be operational and demand biomass.


Programs such as the Biomass Crop Assistance 
Program (BCAP), established by the Food, 
Conservation, and Energy Act of 2008, can mitigate 
these problems. The BCAP provided matching 
payments that provide a dollar-to-dollar match 
(up to a limit) to the biomass price per ton paid by 
a biomass processor to cover costs of collection, 
harvest, storage, and transportation of eligible 
biomass; cost-share payments per acre to cover a 
portion of the establishment cost of perennial crops; 
and an annual payment of land rent to cover the 
forgone profit of growing conventional crops. 


Another major source of uncertainty limiting 
investment in cellulosic biofuels is uncertainty 
about crude oil prices. Oil prices have fluctuated 
significantly over time, and this affects the 
competitiveness of advanced biofuels. With the shale 
gas boom in the last decade or so, concerns about 
energy security have lessened, and the U.S. has 
transitioned to becoming an exporter of petroleum 
products. While concerns about mitigating climate 
change are growing, and policies to promote 
renewable energy have emerged, these are yet to 
create assured markets and demand for advanced 
biofuels. Instead, the shift in policy interest towards 
electrification of the fleet is likely to create further 
uncertainty about investment in the infrastructure 
needed to support an advanced biofuel industry. 


153   Miao, Ruiqing and Madhu Khanna / Effectiveness of the Biomass Crop Assistance Program: Roles of Behavioral Factors, Credit Constraint, and Program Design.


10.5.4 EFFECT OF R ISK AND T IME 
PREFERENCES OF FARMERS ON BIOMASS 
FEEDSTOCK SUPPLY 
The risks and uncertainties discussed above affect 
farmer incentives to supply biomass and the price 
that they would need to produce it. The Billion-Ton 
Report by the DOE did not consider these risks that 
can affect the price at which risk-averse, present-
biased, and credit-constrained farmers would be 
willing to supply biomass. Miao and Khanna153 
consider these factors and their impacts for the 
supply of feedstocks. These estimated supply curves 
are available in Appendix A.


Miao and Khanna find that there is almost no 
biomass production when biomass price at the 
farmgate is lower than $30/MT. When biomass price 
is at $40/MT, almost all biomass production is from 
corn stover because corn stover is economically 
viable at this price as a by-product of corn. In most 
cases, miscanthus and switchgrass production does 
not commence until the biomass price is higher than 
$50/MT. The supply of corn stover becomes fairly 
vertical as the price of biomass increases above $40/
MT because its production is constrained by acreage 
under corn. The acreage under corn is unlikely to 
be affected by a market for corn stover since corn 
stover profit only accounts for a small portion of 
profit from corn. As biomass price increases, corn 
stover faces increasing competition from miscanthus 
and switchgrass and thus in some cases corn stover 
production may decrease as biomass price increases. 
Miao and Khanna show that a high discount rate, 
high risk aversion, and credit constraint significantly 
discourage miscanthus production due to its long 
establishment period and high establishment cost. 



https://onlinelibrary.wiley.com/doi/abs/10.1093/aepp/ppx031
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10.6 ALGAE BIOFUELS 
Algae emcompass a range of organisms that can 
be broadly classified into two main categories: 
microalgae (microscopic photosynthetic eukaryotic 
organisms and cyanobacteria) and macroalgae 
(seaweed). Whereas seaweeds are marine 
organisms, microalgae are phytoplankton found in 
both freshwater and marine systems. Algae have 
much higher solar energy conversion efficiency than 
most terrestrial crop species and can provide the 
inputs for a range of low-carbon products, from food 
to bioproducts and bioenergy. The algae market is 
growing significantly in diverse areas ranging from 
food, plant-based proteins, fertilizers, and animal 
feed to cosmetics and pharmaceuticals. Microalgae 
is appealing for biofuel production because it 
grows rapidly, and has a high lipid content and CO2 
absorption rate. According to the U.S. Department of 
Energy, microalgae have the potential to synthesize 
100 times more oil per acre of land than any other 
plant, including soybeans. Several firms have 
been working to establish the economic feasibility 
of microalgae-based biofuels, but commercial 
production has yet to occur. Similarly, seaweeds, 
or macroalgae, have high biomass growth rates 
and high content of organic compounds such as 
polyunsaturated fatty acids; commercial production 
of macroalgae for biochar, biogas, and biofuel 
continues to be investigated.154


154   Hochman and Palatnik, 2022


10.7 SUMMARY 
Biofuel production, in the form of ethanol and BBD, 
has grown dramatically in the U.S. in the last two 
decades. Biofuels are currently using 40% to 45% of 
the corn and soybeans produced. This has caused 
some parties to raise concerns about the potential 
effects of biofuels production on food crop prices 
and on its impact on land being converted from non-
crop uses to crop production with resulting loss in 
ecosystem services from that land. 


These concerns are partially mitigated by:


1. Steady improvements in the per-acre yields 
of corn and soybeans, enabling increasing 
production of these crops while total U.S. crop 
acres have actually declined since the start of 
the RFS;


2. Approximately one-third of the corn utilized 
as ethanol feedstock is returned to the feed 
market in the form of DDGS, a high-protein feed;


3. Oil used as biofuel feed represents only 20% 
of the weight of a soybean—the rest of the 
soybean (soybean meal) is a widely used high-
protein animal feed with steadily increasing 
demand; and 


4. U.S. exports of corn and soybeans have 
steadily increased since the start of the RFS, 
indicating that growing biofuels demand has 
not come at the expense of food supplies to the 
rest of the world compared to the level in 2007.


There is a large body of literature analyzing the 
magnitude of changes to food crop prices and land 
use and the extent to which they can be directly 
attributed to biofuel production. These studies 
show that the impact of biofuels on crop prices has 
varied over time and ranged between 10% and 30% 
over the past two decades. Studies also show that 
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corn ethanol production has led to indirect land use 
change of 0.47 million acres per billion gallons of 
corn ethanol on average while the corresponding 
estimate for soy BBD is about twice as large. Further 
increases in domestic U.S. ethanol demand are 
limited by market and regulatory constraints on 
demand for E15 and E85. This “blend wall” has 
largely limited consumption to 10% blend with 
gasoline as E10 because current policy design of the 
RFS does not provide sufficient incentives to lower 
the price of higher blends like E85 to levels at parity 
with E10 on an energy equivalent level. In the past, 
this, together with the tax credit for BBD and the 
CWC, has created incentives to increase production 
of BBD; these incentives can be expected to change 
as these policies are phased out and replaced by 
the CFPC. Projections of biofuel production in 
the coming decades indicate that corn ethanol 
production is expected to ramp up very slowly, 
and the percentage blended with gasoline will stay 
around 10% unless the favorable RVP treatment 
currently offered to E10 is extended to E15; if that 
were to occur, the ethanol content of the U.S. 
gasoline pool could increase towards 15% over the 
course of several years. However, production of BBD 
is expected to increase more substantively, and the 
blend rate with BBD is expected to increase from 6% 
currently to 8% by 2050 with a rising share of BBD 
being in the form of RD.


There are several new non-crop feedstocks that 
are under research and development to potentially 
convert to biofuels in the future. These include 
various types of cover crops that can be grown on 
cropland while the land is fallow, between crop 
production cycles and produce oilseeds which can 
be used to produce biomass-based diesel (BD and 
RD) and aviation fuel. Carinata, pennycress, and 
camelina are among the promising feedstocks due 
to their high oil content and yields; each of these is 
suitable for production in certain regions of the U.S. 
In addition to these, crop residues and high-yielding 
dedicated energy crops can be converted to produce 
cellulosic biofuels.  


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Studies show conditions under which the U.S. 
has the potential to produce over a billion tons 
of biomass as well as the price and land use 
requirements to produce the cellulosic feedstocks 
needed to meet the 16-billion-gallon cellulosic 
biofuel target set by the RFS in 2007. About half of 
this mandate could be met by harvesting agricultural 
residues, and the remaining half by producing 
energy crops. Miscanthus, as a high-yielding 
perennial crop, has the potential to meet a large 
share of the mandated volume. Miscanthus and 
other energy crops can be produced on marginal 
land without diverting productive cropland.


There are several risks and uncertainties that 
need to be considered in assessing the land use 
requirements, the spatial pattern of production, and 
the cost of producing biomass for cellulosic biofuels. 
These include the riskiness and upfront costs for 
the establishment of energy crops, the absence 
of assured demand for biomass and uncertainties 
related to the availability of land, and biofuel policy 
and oil prices that affect both supply and demand 
for biomass. Biomass markets are yet to emerge, and 
these risks and uncertainties need to be addressed 
in order for a cellulosic biofuel industry to develop.  
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The mix of biofuels has historically 
been largely determined by the RFS 
and dominated by corn ethanol. Future 
renewable and low-carbon policies 
could take several forms. 
One option is extension of the RFS in its current 
form with slower growth in targets for the various 
types of biofuels currently included under the 
program. The RFS may also be expanded to include 
renewable electricity as an additional renewable fuel 
as currently proposed by the EPA.155 Another policy 
option that may be considered in the future is a 
transition from the RFS to a national LCFS. Unlike the 
RFS, which sets volumetric targets for different types 
of biofuels based on their carbon intensity being 
below a threshold level, a national LCFS would set 
an overall goal for the carbon intensity of fuel in the 
country. It is designed to be a fuel-neutral 


155   Federal Register Vol. 87 No. 250 / Renewable Fuel Standard (RFS) Program: Standards for 2023-2025 and Other Changes.


156   Chen, Xiaoguang, H. Huang, M. Khanna, and H. Önal / Alternative transportaion fuel standards: Welfare effects and climate benefits.


157   Huang, Haixiao, M. Khanna, H. Önal, and X. Chen / Stacking low carbon policies on the renewable fuel standard: Economic and greenhouse gas implications.


and technology-neutral policy that allows blenders 
the flexibility to select the mix and quantity of low-
carbon fuels to blend with, or substitute for, gasoline 
or diesel to achieve compliance with the policy, 
based on the carbon intensity of alternative choices 
and their relative costs. Alternatively, a national 
LCFS could be stacked on an RFS but would create 
significant complexity for market participants. Unlike 
the RFS, an LCFS creates much greater incentives to 
produce lower carbon intensity ethanol and BBD. It 
can also incentivize renewable fuels beyond those 
produced from biomass, such as EVs. Chen et al.156 
and Huang et al.157 show that an LCFS by itself or 
stacked on the RFS would significantly change the 
mix of biofuels towards the higher cost but also less 
carbon-intensive cellulosic biofuels. 


In the sections that follow, we discuss potential 
adjustments to these programs and how they might 
impact the markets for low-carbon biofuels.


Regulatory Future


TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS



https://www.govinfo.gov/content/pkg/FR-2022-12-30/pdf/2022-26499.pdf

https://www.sciencedirect.com/science/article/pii/S0095069613001277

https://www.sciencedirect.com/science/article/pii/S0301421512005046 
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11.1 POTENTIAL LOW-CARBON FUEL STANDARD ADJUSTMENTS


The California LCFS is the most significant nonfederal program promoting low-carbon fuels in the U.S. Its 
significance comes from a combination of the size of the California transportation fuel market, the innovative 
and ambitious nature of the program, and the influence which it exerts on policies in other U.S. states and  
even other countries globally. The scope of the LCFS encompasses all transportation fuels and is managed as 
part of a suite of California policies aimed at driving the state to carbon neutrality by 2045. The LCFS has had 
a profound impact on the composition of ICEV fuels marketed in the state as the key driver of reduced GHG 
emissions from the on-road fleet and this effect is expected to continue in the coming years.


Figure 52 below illustrates the growing role of low-carbon fuels in the California market since the start of 
the LCFS in 2011. It illustrates how ethanol’s energy share of the market has held nearly steady since the 
beginning of the program while the share of BD and RD has grown considerably from a nearly invisible share 
in 2011 to being the major contributors today. It can also be seen that the CNG and LNG market has shifted 
from fossil-based to renewable-based over that timeframe while the contribution of NGVs has steadily grown. 
The contribution of electricity, both on-road and off-road, has grown significantly in recent years but remains 
small compared to the contribution of biofuels used in ICEVs. A more detailed discussion of the individual 
fuels and feedstocks is presented in the following subsections.


FIGURE 52. SHARE OF LOW-CARBON FUELS IN CALIFORNIA SINCE THE START OF THE LCFS


© 2022 Stillwater Associates LLC.  All rights reserved.
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11.1.1 ASSOCIATED SUPPLY AND  
DEMAND SHIFTS


The volumetric displacement of fossil fuels by low-
carbon alternatives can most readily be analyzed by 
considering the three major fuel/vehicle platforms 
(light-duty vehicles fueled with gasoline-ethanol 
blends; heavy-duty vehicles fueled with diesel/BD/
RD blends; and natural gas vehicles fueled by fossil 
or renewable natural gas) individually.


Light-Duty Vehicles (LDVs) – The current 
LDV fleet in California is dominated by engines 
fueled with gasoline-ethanol blends. EVs currently 
represent a small but rapidly growing share of the 
LDV fleet and the state has mandated that all new 
LDVs sold in the state after 2035 be ZEVs. Gasoline 
demand in California is nearly all in the form of 
blends containing 10% ethanol (E10) as meeting 
CARB gasoline standards with E0 is not practical  and


158   CARB and representatives of the U.S. ethanol industry are currently working on the Multimedia Evaluation (MME) which state law requires before E15 could be 
approved for use. If that MME is successfully completed with a finding that E15 does not create significant environmental, health, or safety concerns compared with E10, the 
state may then move to permit the use of E15 consistent with restrictions imposed by EPA regulations.


E15 is currently not permitted.158 A small but growing 
share of the LDV fuel supply comes from E85 used in 
FFVs; this will ultimately be limited by the population 
of FFVs in the state. In-state demand for CARBOB 
(California blendstock for oxygenate blending, or the 
unfinished hydrocarbon gasoline prior to blending 
with ethanol) peaked at 14.1 billion gallons in 2017 
and totaled 12.4 billion gallons in 2021; demand for 
ethanol has declined proportionately. Displacement 
of gasoline with electricity has only been a small 
factor in this timeframe as electricity demand by 
LDVs has increased from 32 million GGE in 2017 to 70 
million GGE in 2021; bigger factors have been steady 
improvements in the fuel economy of the on-road 
fleet and reductions in VMT (vehicle miles travelled)  
for commuting and other purposes since the onset 
of COVID-19. The recent trend in the fuel mix of the 
California LDV fleet is illustrated in Figure 53 below.
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FIGURE 53. CALIFORNIA LDV FUEL MIX


Source: CARB, Stillwater analysis
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FIGURE 54. DEMAND FOR HEAVY-DUTY FUELS IN CALIFORNIA


Source: CARB, Stillwater analysis


Heavy-Duty Vehicles (HDVs) – The current 
HDV fleet in California (excluding NGVs, which will 
be discussed separately) is dominated by diesel 
engines consuming blends of petroleum diesel 
with BD and RD. Demand for these fuels peaked 
in 2017, bottomed with COVID-19 in 2020, and has 
since recovered. They are expected to slowly grow 
going forward as GDP-driven growth in heavy-duty 
fuel demand is partially offset by a growing share 
of that demand being supplied, near term, by NGVs 
and, in the longer term, by electrification. Historical 
demand for these fuels from the start of the LCFS in 
2011 through 2021 (the last full year for which data 
are available) is illustrated in Figure 54. Notably, 
the share of petroleum-derived diesel fuel in this 
mix has declined from 99.6% in 2011 to 67.1% in 
2021, while BD has grown from 0.3% to 7.7% and 


159   CARB / Advanced Clean Trucks Fact Sheet.


RD has grown from 0.1% to 25.1%. Data for the 
first half of 2022 show even further displacement 
of petroleum diesel, primarily through continued 
growth in RD’s share. The RD share of the diesel pool 
is expected to continue growing for the next several 
years as available supply grows and LCFS standards 
grow increasingly stringent. RD is also expected to 
displace some BD in the mix as both fuels compete 
for the same feedstocks and RD plants are expected 
to have more favorable economics once built. Over 
the longer-term, California’s Advanced Clean Truck 
rule159 seeks to transition the heavy-duty fleet away 
from liquid fuels to ZEVs (EVs and FCEVs); by 2035 
ZEVs are required to comprise 55% of new sales in 
classes 2b-3, 75% of new sales in classes 4-8 (straight 
trucks), and 40% of truck tractor sales.



https://ww2.arb.ca.gov/resources/fact-sheets/advanced-clean-trucks-fact-sheet
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Natural Gas Vehicles – While NGVs nationally 
represent only a small portion of the heavy-duty 
fleet, they play a much larger role in California as 
it is home to nearly half of all U.S. NGVs. California 
demand for natural gas fuels (both compressed 
natural gas, CNG, and liquified natural gas, LNG) has 
more than doubled since the launch of the LCFS, 
from 75 million diesel gallon equivalent (DGE) in 
2011 to a high of 180 million DGE in 2019, even as 
LNG volumes declined from 22.9 million DGE in 2011 
to 16.3 million DGE in 2021. Demand dropped in 2020 
with COVID-19 but recovered to nearly 2019 levels 
in 2021, with future growth expected. As illustrated 
in Figure 55, the composition of this demand has 
shifted significantly over this time. In 2011, CNG and 
LNG were almost entirely supplied from fossil natural 


gas. By 2020, fossil LNG had nearly all been replaced 
with LNG produced from RNG. The corresponding 
transition for CNG vehicles started later, but 97.5% of 
CNG was derived from RNG in 2021. A key contributor 
to the shift from fossil to renewable natural gas in 
this segment is the fact that fossil LNG and CNG 
shifted from small credit generators at the beginning 
of the LCFS to small deficit generators as the LCFS CI 
reduction standards have become more stringent. 
Simultaneously, production of RNG in the U.S. has 
grown markedly over this timeframe and the LCFS 
regulations, which allow the use of book-and-claim 
accounting for RNG, enable RNG produced nearly 
anywhere in the U.S. to claim LCFS credits as low as 
-280 gCO2e/MJ.
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FIGURE 55. DEMAND FOR NATURAL GAS FUELS IN CALIFORNIA


Source: CARB, Stillwater analysis
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Ethanol - corn


Ethanol - other


11.1.2 ASSOCIATED FEEDSTOCK SHIFTS 
The mix of feedstocks utilized for the highest volume 
alternative fuels (ethanol, BD, RD, and natural 
gas) have evolved since the start of the LCFS and 
are expected to continue to do so going forward. 
This mix change comes in response to the need to 
continuously reduce the CI of the fuel mix enabled 
by continuing investment by suppliers into new 
production technologies. Each of these four fuels are 
discussed individually in the following paragraphs.


Ethanol – The evolving mix of ethanol feedstocks 
in California is illustrated in Figure 56. As is the case 
for the U.S. as a whole, corn is the primary ethanol 
feedstock for California, ranging from a low of 76% 
of the mix in 2020 to a high of 92% in 2017 and 2018. 
It was originally thought that imported sugarcane 
ethanol from Brazil would be a major component 
of the mix due to its lower CI, but that has not been 
realized on any consistent basis due to demand for 
ethanol in Brazil, competing demands for sugar, and 


the extended logistics required to enable consistent 
supplies. It was also thought that cellulosic ethanol 
would be a major component, but the technology 
has taken much longer to develop. Since 2019, 
cellulosic ethanol from corn kernel fiber has been a 
growing contributor to the mix and can be expected 
to grow further in the coming years, particularly 
if EPA begins approving RFS registrations for corn 
fiber ethanol producers. The contribution of grain 
sorghum (milo) ethanol (the major contributor to the 
“Other” category in Figure 56) has slowly decreased 
over the years. This evolving mix of ethanol feed-
stocks has resulted in the CI of the California ethanol 
pool (indicated by the line in Figure 56) declining 
from over 87 in 2011 to less than 60 in 2020 and 2021; 
the drop from 81.6 in 2015 to 71.0 in 2016 is largely 
explained by the 2016 adoption of an updated 
CA-GREET model which assesses a lower indirect 
land use change (ILUC) penalty for corn ethanol 
production.
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FIGURE 56. ETHANOL FEEDSTOCKS FOR CALIFORNIA MARKET AND CI TREND
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Biodiesel – BD supplied to California comes from 
a somewhat different mix of feedstocks than BD 
supplied to the rest of the U.S. as feedstock is the 
primary driver of CI, and the California market offers 
a premium for the lowest CI sources of BD. Figure 57 
presents the evolving mix of BD feedstocks used to 
supply California and the trend in the composite CI. 
Used cooking oil (UCO) has been a major feedstock 
for California BD since the start of the LCFS, and corn 
oil’s share has grown with the available supply from 
corn ethanol plants. Tallow has played a growing 
role in recent years as an increasing share of the 
biofuel plants supplying California have added the 
capabilities required to produce tallow-based BD. 
Canola and soy have been smaller and more variable 
contributors to the California BD pool, despite their 


160   As virgin oils derived from crops, the CI of fuels derived from these feedstocks are assed an ILUC factor in the CI calculation.


larger share of the U.S. BD market, due to their 
higher CI.160 The composite CI of the California BD 
pool has generally run close to 30 gCO2e/MJ in recent 
years, well below the 50+ CI values associated with 
soy- and canola-derived BD. Going forward, the mix 
of feedstocks available for California BD production 
will be impacted by the rapid increase in U.S. RD 
production as the two fuels compete for the same 
feedstocks. Due to the larger scale economies and 
the deeper pockets of RD plant owners compared 
to BD plant owners, it is expected that RD plants 
will be able to disproportionately attract the lowest 
CI feedstocks, and the share of the California BD 
pool sourced from soy and canola oils will increase, 
resulting in a gradual increase in the composite CI.


BD - UCO
BD - corn oil


BD - tallow
BD - canola


BD - soy
BD - other


Biodiesel CI (righthand side)


FIGURE 57. BIODIESEL FEEDSTOCKS FOR THE CALIFORNIA MARKET AND CI TREND


Source: CARB, Stillwater analysis
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RD - tallow
RD - UCO


RD - corn oil
RD - soy


RD - fish oil
RD - other


Renewable diesel


Renewable Diesel – California, due to the LCFS, 
has always been the primary market for RD supplied 
to the U.S. market. The initial RD plants were 
built with the capability of processing tallow and, 
through 2018, tallow was always the feedstock for 
greater than 50% of RD supplied to California. As 
a by-product of meat production, tallow-derived 
biofuels achieve favorable CIs. As production of RD 
has grown and BD producers began competing for 
tallow supplies, producers diversified their feedstock 
mix, with UCO playing a growing role (surpassing 
tallow in 2021). Corn oil has also grown as an RD 
feedstock with growing supply as a coproduct of 


corn ethanol production. Despite its higher CI, soy-
derived RD was first supplied to California in 2021, 
as new RD plants started up before they could install 
the pretreaters necessary for them to process the 
lower-CI feedstocks. Going forward, soy-derived 
RD is expected to remain and potentially grow its 
share of the feedstock mix as combined BD and RD 
production pushes the limit of feedstock availability. 
If that occurs, it is likely that the composite CI of 
RD supplied to the California market will gradually 
increase from recent values between 35 and 40. The 
historical trend for the RD feedstock mix to California 
and the associated CI is presented in Figure 58. 
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FIGURE 58. RENEWABLE DIESEL FEEDSTOCKS FOR THE CALIFORNIA MARKET AND CI TREND


Source: CARB, Stillwater analysis
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Renewable Natural Gas – As discussed above, 
RNG has almost completely supplanted fossil 
natural gas as the fuel utilized in California NGVs. 
This trend occurred first in the smaller LNG segment 
of the market before moving into the larger, and 
more diverse, CNG market segment. Initially, the 
supply of RNG came primarily from landfills, which 
have been collecting and utilizing their biomethane 
production for many years. RNG produced by 
anaerobic digestion of food waste and wastewater 
plant sludges began entering the market in 2013, 
and RNG from anaerobic digestion of dairy and 
swine manure began entering the market in 2017. 
These sources receive more favorable CIs as they are 
credited with reducing methane (a potent GHG with 
a global warming potential 25 times greater than 
CO2) emissions which would occur were these wastes 
allowed to naturally decompose.161 As a result, these 


161   Dairy and swine digester RNG is typically credited with a CI of -300 gCO2e/MJ or less. Thus, even a small volume of these fuels earns a substantial number of LCFS credits.


162   This is occurring because the largest fleets which are appropriate for use of NGVs have already made that conversion, and the state is adopting policies to transition 
these same fleets to ZEVs as the technology becomes commercially available and cost-effective.


163    EPA’s current proposal for eRINs in the proposed 2023-2025 RFS Set rule, if finalized, will enable electricity produced from combustion of RNG or biogas to generate RINs. 
Those RINs, referred to as eRINs, can only be separated by EV manufacturers up to the estimated electricity demand of their branded EVs on the road in the 48 contiguous states.


new sources of RNG are beginning to displace landfill 
gas in the California RNG pool (primarily in the CNG 
portion of the pool) as demand for CNG and LNG 
begins to level out.162 Going forward, it is likely that 
production of RNG from dairy and swine digesters 
as well as food waste will continue to increase as 
California seeks to displace food waste from landfills 
and reduce methane emissions from dairy and swine 
operations. As a result, fossil natural gas’s share of 
the pool will continue to be small and landfill gas will 
increasingly need to find other markets.163 The CI of 
the LNG pool has been slowly increasing in recent 
years as it is commonly supplied by older landfill gas 
generators, while the CI of the CNG pool is rapidly 
decreasing as the share of dairy and swine digester 
RNG (with highly negative CIs) displaces landfill gas 
in these applications. These trends are illustrated in 
Figure 59.


North American fossil gas
North American landfill gas


HSAD/food waste & waste water
Dairy digester/animal waste


Renewable CNG CI (righthand side)
Renewable LNG CI (righthand side)


FIGURE 59. RNG FEEDSTOCKS FOR THE CALIFORNIA MARKET AND CI TRENDS


Source: CARB, Stillwater analysis
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11.1.3 ASSOCIATED MARKET ADJUSTMENTS


The value of LCFS credits has been steadily declining 
since early 2020 as fuel demand dropped and has 
only slowly recovered since the onset of COVID-19, 
RD supply to the California diesel pool has steadily 
grown, the CI of RNG has rapidly decreased, and 
the EV share of the California light-duty fleet has 
rapidly grown. This decrease in credit prices from 
highs around $220/MT to recent values of $68/
MT has put a damper on new investments in the 
supply of low-carbon fuels for the California market. 
Simultaneously, California has adopted policies 
seeking to achieve a 40% statewide reduction in 
GHG emissions compared to 1990 levels by 2030 
and achieve net carbon neutrality by 2045. As 
transportation fuels represent approximately 40% 
of the state’s GHG emissions, CARB is now moving 
to adopt more stringent CI reduction requirements 
for the LCFS. As part of the regulatory development 
process, CARB is currently evaluating scenarios 
requiring 25%, 30%, or 35% CI reductions by 2030 
instead of the 20% CI reduction currently in the 
regulations. These proposed reductions would go 
even further by 2035 and beyond. Once CARB settles 
on a new regulatory framework and issues formal 
proposals to begin the amendment process, it is 
expected that LCFS credit prices will strengthen and 
developers of low-carbon fuel projects will have 
greater success in securing the required investments.


164   2022 was the last year for which the statute set annual volume targets. The statute gives EPA general guidelines on how they are to set these values for years after 2022. 
Due to the large shortfall in production of cellulosic biofuels since the very beginning of the RFS, EPA has effectively used its waiver authority to set annual targets below the 
statutory levels for a number of years.


11.2 POTENTIAL RENEWABLE FUEL 
STANDARD ADJUSTMENTS


On December 1, 2022, EPA issued a proposal that 
included the RFS targeted volumes for 2023, 2024, 
and 2025. This proposal also addressed how the RFS 
standards would be set after 2022164 and proposed 
how a new eRIN program would work starting in 2024. 


After 2022, there are no statutory volume 
targets; EPA is instead charged with setting the 
annual volume requirements based on several 
criteria. EPA’s proposed 2023-2025 rule is the first 
rulemaking of this new era.  While EPA’s justification 
process will now change, the actual targeted 
volume-setting process will remain very similar to 
EPA’s prior process and the targeted volumes are 
likely to remain consistent with EPA’s previous RFS 
rulemakings.


The new targeted volumes expect increased volumes 
for RNG and BBD,, while ethanol and other advanced 
biofuels are expected to have little to no growth in 
volumes.  


11.2.1 ASSOCIATED SUPPLY AND  
DEMAND SHIFTS


The RFS volumetric displacement of fossil fuels 
by biofuels is best analyzed by examining the 
three major fuel/vehicle platforms (LDVs fueled 
with gasoline-ethanol blends; HDVs fueled with 
diesel/BD/RD blends; and NGVs fueled by fossil or 
renewable natural gas) individually.
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Light-Duty Vehicles – The current LDV fleet in the U.S. is dominated by engines fueled with gasoline-
ethanol blends. As in California, EVs currently represent a small but rapidly growing share of the LDV fleet in 
the U.S. as a whole. Gasoline demand in the U.S. is primarily E10, although there are small volumes of E15 
and E0 dispensed as well. A small share of the LDV fuel supply comes from E85 used in FFVs; this fuel has 
a low CI but is limited by the population of FFVs in the U.S. Figure 60 shows that ethanol demand is likely to 
slowly increase through 2050. Figure 61 shows that most of the growth in ethanol usage will be through the 
growth of E15.
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FIGURE 60. U.S. GASOLINE AND ETHANOL DEMAND FORECAST (AEO 2022)


FIGURE 61. U.S. ETHANOL DEMAND FORECAST BY GASOLINE ETHANOL CONTENT (AEO 2022)
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Heavy-Duty Vehicles – The current HDV fleet in the U.S. (excluding NGVs, which will be discussed 
separately) is dominated by diesel engines consuming blends of petroleum diesel with BD and RD. Demand 
for diesel fuel peaked in 2017, bottomed with COVID-19 in 2020, and has since recovered. Diesel fuel demand is 
expected to slowly decline through 2035 and then to grow as GDP-driven growth in heavy-duty fuel demand 
continues. The RFS will drive small demand increases in BD throughout the U.S. except for California, Washington,  
and Oregon, where LCFS-style programs drive more BD and RD usage than the RFS requires. RD demand will be 
minimal in the U.S. except for these three LCFS states. Figure 63 shows that the EIA is projecting that RD demand 
will increase about 0.6 billion gallons per year (BGY) in the 2022-2023 time period while BD demand will drop 
about 0.6 BGY in the same time period. The RD demand increases will occur mainly in the three LCFS states. 


From 2023 through roughly 2037, RD and BD demand will remain roughly constant. After 2037, the demand 
for both RD and BD generally increases through 2050. 
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Natural Gas Vehicles – While NGVs nationally 
represent only a small portion of the heavy-duty 
fleet, California is the home to nearly half of all U.S. 
NGVs. In the rest of the U.S., the RFS will be the 
primary driver of increases in natural gas fuels (both 
CNG and LNG). EPA is projecting the generation of D3 
cellulosic biofuel RINs to grow at a 13.1% rate for the 
years 2023, 2024, and 2025.  EPA will therefore set 
the RFS mandated volumes for the cellulosic biofuels 
category at the values shown in Table 14. Assuming 
that these mandated volumes are met, EPA will 
then use the 13.1% in their future cellulosic biofuel 
calculations. In California, most of the fossil LNG will 
be replaced with RNG. Once the California demand 
for RNG has been met, the RFS cellulosic biofuel 
standard will be the main driver for additional  
RNG volumes. 


TABLE 14. PROJECTED GENERATION OF CELLULOSIC 
BIOFUEL RINs FOR RNG (ETHANOL EQUIVALENT 
GALLONS)


YEAR DATE TYPE GROWTH 
RATE


VOLUME (MIL L ION 
R INS)


2021 Actual N/A 561.8
2023 Projection 13.10% 719.3


2024 Projection 13.10% 813.9


2025 Projection 13.10% 920.9


Source: Table III.B.1.a-2 from EPA RFS Proposal for 2023-2025


State-level LCFS 
programs are driving 
low-carbon fuel 
innovation: LCFS-
style programs  have 
accelerated the use of 
renewable fuels beyond 
what is required by the 
federal RFS. 
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11.2.2 ASSOCIATED MARKET ADJUSTMENTS


RIN prices have shown significant volatility over the years due to both fundamentals (supply and demand, 
volatility in the prices of petroleum products and agricultural commodities) and political uncertainty (EPA 
under different presidential administrations has taken different approaches to managing the program). 
Historical RIN prices from 2012 through 2022 are presented in Figure 64 below, and the following paragraphs 
summarize the issues which impact the individual RIN categories. 
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D3 and D7 RINs – D3 RINs (60% required GHG 
reductions), representing cellulosic biofuels, and 
D7 RINs, representing cellulosic biofuels which can 
also be used as a substitute for diesel fuel, are the 
smallest portion of the RIN market. As discussed 
above, when the EISA was enacted, it was expected 
that this category would be composed primarily of 
cellulosic ethanol and would be the largest category 
of RINs by 2022. Cellulosic ethanol, however, has 
not yet been commercialized at material scale.165 
Approximately 99% of D3 RIN production comes 
from RNG. D7 RIN production is currently minimal. 
Because this category was designed around the 
commercialization of new technologies, the annual 
volume requirement is set by EPA forecasting 
expected production for each compliance year. In 
order to preserve orderly markets and pricing if 
production falls short of this forecast, obligated 
parties have had the option to comply by purchasing 
CWCs (cellulosic waiver credits) from EPA at a price 
set by a formula in the statute.166 In Figure 64, the 
price curve for D3/D7 RINs is a series of straight lines 
representing the CWC price until production of RNG 
became sufficient to generate market sales of D3 
RINs starting in 2016. Fundamentally, D3 and D7 
RINs have a floor price set by the value of D5 RINs 
(as surplus D3 and D7 RINs can be used instead of D5 
RINs towards meeting an obligated party’s advanced 
biofuels obligation; the market approached this floor 
price in mid-2019) and a ceiling set by the CWC price. 
Large price moves have historically corresponded 
to announcements of EPA proposals and rumors 
about potential policy changes. D3 RIN prices were 
exceptionally volatile in 2022 due to uncertainty over 
EPA’s post-2022 volume-setting process and rapid 
growth in the availability of D3 RINs from RNG. As 
currently proposed by EPA, the issuance of eRINs is 
expected to begin in 2024, and nearly all eRINs are 
expected to be D3s (as over 99% of RNG qualifies for 


165   A number of firms made substantial investments in cellulosic ethanol technology following enactment of the EISA but only two commercial-scale plants were ever 
brought into production (POET-DSM and DuPont), neither of which ever achieved commercially sustainable operations, and neither are currently in operation. There 
is a limited volume of cellulosic ethanol being produced from corn kernel fiber at several corn starch ethanol plants; EPA has not yet processed most of their pathway 
applications, so associated RIN generation is minimal. Some plants are producing despite the lack of RINs in order to capture California LCFS credits.


166   In the proposed rule, published on December 1, 2022, specifying annual volume requirements for 2023, 2024, and 2025, EPA has proposed discontinuing CWCs.


D3s with the balance being D5s). With the availability 
of eRINs, nearly all the proposed year-on-year 
growth in RFS volume obligations in 2024 and 2025 
comes from EPA’s estimate of eRIN generation. 
Given anticipated growth in the EV population and 
substantial potential for biogas and RNG production 
to surpass any future growth in the NGV fleet, it is 
likely that eRINs will be the fastest growing element 
of the RFS for at least the next several years. The 
impact of that eRIN growth on the valuation of RINs 
will depend on how accurately EPA can match the 
annual volume standards with realized growth in 
eRIN generation. If EPA underestimates eRIN growth, 
the value of all RIN prices may be reduced; if EPA 
significantly overestimates eRIN growth, there is a 
risk that the resultant RIN shortage will require EPA 
to issue waivers to prevent RIN values from reaching 
unacceptably high prices.


D4 RINs – D4 RINs (50% required GHG reductions), 
representing BBD, fundamentally reflect the 
difference in the marginal cost of production of 
BD (the largest component of the BBD category) 
and petroleum diesel–i.e., the value of the D4 RIN 
compensates the blender for the additional cost 
incurred by sourcing BD instead of petroleum diesel 
to supply their customers. This calculation also 
reflects the value of the $1.00 per gallon federal 
biomass-based diesel blenders tax credit (BTC). As 
soybean oil, a by-product of crushing soybeans to 
produce soybean meal (a high-protein animal feed), 
is the marginal feedstock for production of BD, the 
price spread between soybean oil and diesel fuel 
(often referred to in the market as the heating oil-
bean oil, or HOBO, spread) is the major driver of D4 
RIN price. As can be seen in Figure 64, this price was 
high in 2012 (due to tight soybean inventories and 
low crude prices) and has regularly varied with price 
fluctuations in these commodities as well as the 
temporary lapses which have been allowed to occur 
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in the BTC. In 2021, D4 RIN prices hit all-time highs, 
due again to tight soybean inventories; D4 prices 
eased somewhat with the fall 2021 soybean harvest 
and then again rose as global vegetable oil markets 
were roiled by the Russian invasion of Ukraine.


D5 RINs – D5 RINs (50% required GHG reductions) 
represent advanced biofuels (which are neither 
cellulosic biofuels nor BBD). This category was 
created to allow a space for new types of biofuels to 
be brought into the RFS. It was originally envisaged 
that sugarcane ethanol imports from Brazil would 
also be a major component of this category. As 
surplus D4, D3, and D7 RINs can also be used to fulfil 
the implied D5 RIN obligation, D4 RINs (typically 
lower cost than D3/D7 RINs) create a price ceiling 
for D5s. As surplus D5 RINs can be used towards the 
implied D6 RIN obligation, the value of D6 RINs acts 
as a floor for D5 RIN prices. In 2012, soybean prices 
were relatively high, supporting D4 RIN prices, and 
there were material imports of sugarcane ethanol 
from Brazil, so surplus D4 RINs were not used to 
meet the implied D5 RIN obligation. Since 2012, 
however, D5 RINs have closely tracked D4 RINs.


D6 RINs – D6 RINs (20% required GHG reductions, 
although existing facilities are exempted) represent 
conventional biofuels (i.e., biofuels which are not 
advanced biofuels). This category is predominantly 
composed of cornstarch ethanol. Ethanol, regardless 
of feedstock, is most commonly used in gasoline 
in a 10% by volume blend (E10). A small amount of 
ethanol is sold in the U.S. as E85, a blend of 51% to 
85% by volume of ethanol with gasoline which can 
only be used in FFVs. EPA has also approved the use 
of blends of E15 in all light-duty vehicles produced 
since 2001 (motorcycles, heavy-duty gasoline 
vehicles, marine engines, and other non-road 
equipment are excluded). As all U.S. automobile and 
gasoline infrastructure has long been compatible 
with E10, and corn ethanol has generally priced 
below wholesale gasoline, the value of D6 RINs was 
very low (approximately $0.02-$0.03) during the 
early years of the RFS program when the market-
driven use of ethanol exceeded RFS requirements. 
This began to change in 2013 as the implied RFS D6 
RIN obligation approached levels equivalent to all 
U.S. gasoline being sold as E10. As the market share 
of E85 and E15 has not been sufficient to bring the 
average ethanol content of U.S. gasoline to the levels 
required by the implied D6 RIN obligation, the value 
of D6 RINs since 2013 has generally tracked the value 
of D4 RINs. This is because D4 RINs in excess of that 
required to satisfy the BBD and advanced biofuels 
obligations have been required to cover the shortfall 
in D6 RIN generation. Deviation from this general 
trend was seen in 2015 when EPA issued the long-
delayed proposed renewable volume obligations for 
2014, 2015, and 2016. The D6 RIN price also dropped 
below the D4 price starting in early 2017 due to 
market speculation on how the then new Trump 
administration would enforce the RFS. This gap 
closed in late 2017 with issuance of the final RVO rule 
for 2018. There have also been deviations since then 
due to the market impact of actual and rumored 
small refinery exemption (SRE) issuances and in 2020 
due to market uncertainty over COVID-19 impacts on 
the gasoline market.







Market 
Transition 
Requirements
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Overview of Current 
Fleet and Fuels


A primary foundational element of 
the U.S. economy and society is the 
mobility afforded—to individuals 
and commerce—by an efficient and 
ubiquitous transportation system. 
At the heart of this transportation 
system is on-road transportation, 
which is based on fuels, vehicles, and 
interconnected roadway systems 
developed since the early 20th century. 
As we have entered the 21st century, the 
prevalent fuels and vehicle technologies 
employed—petroleum-based gasoline 
and diesel fuel coupled with the 
internal combustion engine (ICE)—have 
been found to contribute a significant 
percentage of the anthropogenic carbon 
dioxide (CO2) emissions contributing to 
increased concentrations of CO2 in the 
atmosphere. CO2 is the greenhouse gas 
(GHG) primarily attributed with causing 
climate change. 


167   EPA / Fast Facts on Transporation Greenhouse Gas Emissions.


168   This report focuses on internal combustion engine vehicles (ICEVs) and their fuels. As electricity and hydrogen are not used in ICEVs, their production, logistics, fuel 
delivery and vehicle technology are not covered in this report.


According to the EPA, in 2020 GHG emissions from 
transportation fuels make up about 27% of U.S. 
anthropogenic GHG emissions,167 making transport 
the largest sector source of GHG emissions in 
the country, with on-road transportation making 
up 83% of the anthropogenic GHG emissions. A 
transition has begun toward on-road transportation 
fuels and vehicle technologies which reduce 
transportation carbon emissions. The first step 
to reduce the carbon intensity of transportation 
fuels has been to replace fuels from nonrenewable 
sources with fuels from renewable sources as 
this has the effect of immediately reducing GHG 
emissions from those vehicles which are already 
in use. To best understand the context of the 
challenges to reducing carbon emissions from 
transportation fuels, this section will describe the 
fuel and vehicle systems that supply the existing 
on-road transportation system.168 


By providing this context, we aim to highlight the 
scale, complexity, and successes of the current 
fuel and vehicle systems and, depending on the 
transitional fuel, the extent to which a system of 
similar scale will need to be developed to support 
the transportation energy transition. 



https://www.epa.gov/greenvehicles/fast-facts-transportation-greenhouse-gas-emissions





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


128


12.1 FUEL PRODUCTION 
Fuel production is the first step in the process 
of supplying transportation energy. Until the 
last couple of decades of the 20th century, 
transportation fuels were almost entirely fossil-
derived. That trend has shifted in recent decades 
for reasons including increased energy security, 
lowering dependence on imported energy, and 
support for domestic agriculture in addition to the 
desire to reduce GHG emissions from transportation. 
The production of traditional and emerging fuels 
used in ICEVs has been discussed in some depth in 
previous sections of this report. We provide a brief 
general overview of fuels production here as a basis 
for the discussion that follows.


Gasoline and diesel represented 87% of the 
energy used as on-road fuel in the U.S. in 2021.169 
The 130 operable crude oil refineries located 
across the U.S. produce petroleum gasoline 
and diesel in excess of that used in the country, 
with the balance exported. The crude oil used in 
these refineries comes from both domestic and 
international sources. Since crude oil is a fossil 
resource, the products produced from it are 
considered nonrenewable and high carbon intensity. 
Of the total volume of products that the refining 
industry produces, gasoline and diesel make up 
approximately 78%, which makes the petroleum 
refining industry very intertwined with on-road 
transportation fuels. 


With gasoline and diesel making up the vast majority 
of on-road fuel energy used in the U.S., the balance 
is made up of ethanol (5%), biodiesel (0.3%), 
renewable diesel (0.1%), fossil and renewable 
natural gas (0.3%), liquid petroleum gas (<0.1%), 
electricity (0.1%), and hydrogen (<0.1%).170


169   Approximately 130 billion gallons of petroleum gasoline and 47 billion gallons of petroleum diesel were used in the U.S. in 2021.


170   Stillwater analysis of petroleum supply and AEO 2022 data.


171   EIA / U.S. Renewable Diesel Fuel and Other Biofuels Plant Production Capacity. 


Ethanol (EtOH)  can be produced from most 
any sugar, starch, cellulose, or plant fiber or can 
be produced synthetically from natural gas or 
petroleum. Ethanol from starches and sugar 
are considered renewable as their feedstock is 
renewable. EtOH produced from petroleum, natural 
gas, or coal is not considered renewable. Almost all 
the ethanol used in transportation fuels in the U.S. 
is produced from corn. Some EtOH used is produced 
from other grains, sugarcane, and other sources 
of sugar. In the U.S., ethanol is produced in 201 
production facilities concentrated in the corn belt 
states in the Midwest.


Biodiesel (BD) is produced from fats, oils, and 
greases like tallow, used cooking oil (UCO), and 
vegetable oils and is a fatty acid ester that can be 
used in a diesel-fueled ICEV. As the feedstocks 
used are considered a renewable resource, BD is 
considered a renewable fuel. Because of poor cold 
weather flow properties and material compatibility, 
its use is usually limited to up to a 20% blend with 
other diesels. In the U.S., BD is produced in 72 
production facilities with most of the capacity in 
the Midwest. These domestic facilities produce 
BD in excess of the U.S. demand, and the surplus 
production is exported.


Renewable diesel (RD) is produced from the 
same feedstocks as BD, thus RD is renewable and 
competes with BD production for feedstocks. Unlike 
BD, RD is made up of only hydrocarbons and is 
compositionally very similar to petroleum diesel. 
Domestically, RD is produced in 11 facilities with 
most of the capacity along the U.S. Gulf Coast or 
in the Western U.S.,171 but there are many other RD 
projects being developed in North America. There 
is significant RD capacity internationally, and a 
significant volume is imported. 



https://www.eia.gov/biofuels/renewable/capacity/
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Fossil natural gas is produced from geologic 
formations, oftentimes along with crude oil. The 
natural gas is processed to meet the specifications  
of the natural gas grid that covers most of the 
country. As a fossil source, it is not considered a 
renewable fuel.   


Renewable natural gas (RNG)  is methane 
produced by the biodigestion of waste material such 
as animal manure, food waste, or wastewater. Raw 
gas produced by biodigestion (often referred to as 
biogas) is upgraded to meet the specifications of the 
natural gas grid and therefore can be used as a direct 
substitute for fossil natural gas.


Liquid petroleum gas (LPG) is typically propane 
and butane that is recovered from fossil natural gas 
production or from the refining process. Also known 
as natural gas liquids (NGL), the LPG from these 
sources is not considered renewable. LPG produced 
as a by-product of RD production is considered a 
renewable fuel. 


12.2 FUEL DELIVERY LOGISTICS 
Each transportation fuel may be distributed from 
its respective production facility or import point via 
various methods. We discuss these in turn below.


Petroleum gasoline and diesel are normally 
transported from the refinery to fuel distribution 
terminals by multiproduct pipelines. These pipelines 
can transport different types of petroleum fuels in 
sequential batches, with each type of fuel routed to 
a specified tank at a terminal. From the terminals, 
the fuel is loaded into tanker trucks for delivery 
to retail service stations or to end users. Much of 
the final biofuel blending occurs at the terminal or 
when the fuel is loaded onto a tanker truck. Many of 
the product pipelines are owned and operated by 
non-refining companies that specialize in operating 
pipelines and service the refineries in a geographic 
area in transporting the fuels. Fuel terminals are 
often owned and operated by third-party pipeline 
companies and service multiple marketing 
companies.


In the U.S., there are approximately 230,000 miles of 
product pipelines that transport most of the gasoline 
and diesel to the marketplace. There are 1,300 fuel 
terminals across the U.S. that supply gasoline and 
diesel to 145,000 retail sites. Pipelines represent the 
most efficient and lowest cost method to deliver 
large quantities of liquid over long distances. In 
addition to pipelines, some gasoline and diesel fuels 
are transported by water (barge and tanker), rail (in 
tanker cars), or over long distances by tanker truck.


Ethanol is not sold to end users as a neat (100% 
undiluted or blended) product; it is blended with 
gasoline. Since EtOH will naturally separate from 
gasoline into an aqueous phase in the presence 
of water, and water may exist in the gasoline 
pipeline system, EtOH is not blended into gasoline 
prior to transport in the pipelines. EtOH could be 
transported in dedicated pipelines, but few of these 
are operating in the U.S. Instead, EtOH is transported 
to the terminals by rail tank cars and/or tanker trucks 
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and stored in dedicated tanks. The common 10% 
ethanol/90% gasoline blend (E10) is made when the 
tanker truck that delivers to the retail site is loaded 
at the terminal rack. 


BD is usually transported by rail tank cars, tanker 
trucks, and/or barge to terminals in the marketplace 
where it is blended with petroleum diesel prior to 
delivery. Some BD is blended with petroleum diesel 
at the BD production facility and delivered directly. 
Typically, BD can be blended to 5% and shipped 
in the pipeline system. However, BD is generally 
forbidden on pipelines that also transport jet fuels  
as jet fuel specifications have very low limits on  
BD content.


RD use in the U.S. is highly concentrated in California 
as it is incentivized under the LCFS regulation. With 
much of the RD production capacity either inland 
in the West, on the Gulf Coast, or imported, RD 
is delivered by rail tank cars, water, and/or truck 
or pipeline to the terminals in the marketplace. 
Since RD is almost identical to petroleum diesel 
in composition, it can be blended at refineries or 
terminals or sold as R100/R99 (100% or 99% RD).172 
RD can be shipped in the pipeline system; when 
blended with petroleum diesel, however, it is limited 
to 5% due to labeling requirements.


Fossil natural gas and RNG used in 
transportation share the same logistics system 
with natural gas destined for non-transportation 
uses since both are injected into the natural gas 
pipeline grid for delivery to market. In fact, on-road 
transportation use is a very small fraction of the 
volumes carried in the natural gas pipeline grid. 
Some RNG is not injected into the pipeline grid and 
is used directly to fuel vehicles, but most RNG used 
in transportation is injected into the grid. Since 
the methane in RNG is chemically identical to the 
methane in fossil natural gas, transportation of RNG 


172   RD and BD are most often blended with small amounts of petroleum diesel fuel enabling the blender to capture the biomass based diesel blender’s tax credit (BTC) at 
$1 per gallon and separate the corresponding RINs.


 


from supply to user essentially occurs virtually—the 
RNG is injected into the natural gas pipeline system, 
and a like quantity of natural gas is withdrawn 
and delivered to the marketplace and deemed to 
be RNG via book-and-claim accounting. This RNG 
is delivered directly to a centralized liquefaction 
or compression plant where liquified natural gas 
(LNG) or compressed natural gas (CNG) is created 
for delivery to fueling equipment. Because RNG 
prevents methane emissions from entering the 
atmosphere and displaces fossil fuels, RNG carbon 
intensities are often significantly net negative.


LPG, like natural gas, has many uses beyond 
transportation fuel, and the volumes used for 
transport are small compared to the other uses. 
Thus, LPG used in transportation piggybacks on 
the LPG logistics in place to supply household and 
commercial uses. LPG is typically transported from 
the production facilities to marketplace terminals by 
rail, truck, and/or water. 
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12.3 FUELING LOGISTICS 
Gasoline and diese—including any blended amounts 
of EtOH, BD, and RD—are dispensed into the vehicle 
fuel tanks at retail and fleet fueling outlets. There 
are 145,000 retail fueling sites across the country, 
with an average capacity to fuel approximately 
12 vehicles simultaneously. At these sites, fuel is 
delivered to vehicles using fuel dispensers with 
hoses and standardized nozzles that are matched 
to the vehicle (gasoline or diesel). The dispensers 
offer the fuel type, grade selection (commonly three 
octane grades—regular, mid-grade, and premium 
for gasoline), and payment processing, and meter 
the amount of fuel dispensed. The fuels typically 
offered are E10 and diesel. Depending on the site, E0, 
E15, and E85 may be offered as alternatives to E10, 
and B5 to B20, B20+ to B99, and R5 to R99 may be 
offered as alternatives to regular diesel. In addition 
to retail sites, cardlock sites and private fueling 
sites dispense gasoline and diesel. The gasoline and 
diesel (including the various blends) are delivered 
to the retail and non-retail sites into tanks (typically 
underground) from terminals by tanker truck.


173  Glpautogas.info / LPG Stations in USA.


Fossil and Renewable Natural Gas utilize the 
same dispensing system, although CNG (whether 
fossil or renewable) is delivered slightly differently 
than fossil or renewable LNG. Natural gas is usually 
delivered to the CNG fueling site by pipeline from the 
natural gas grid. At the site it is compressed to over 
4,000 pounds per square inch prior to dispensing 
into the vehicle tank. LNG is usually compressed and 
liquified at a central site and delivered into tanks at 
the fueling site for dispensing into the vehicle tanks. 
There are 1,200 CNG and 160 LNG fueling sites in the 
country, serving both public and private fleets. For 
both CNG and LNG, dispensers meter the fuel and 
have hoses with standardized nozzles for a secure 
connection to the vehicle.


LPG used in transportation is transported to the 
fueling site by tank truck into on-site storage. From 
storage, the LPG can be used to fuel vehicles or 
can be used for filling cylinders that are used by 
households or commercial establishments. The 
dispensers meter the fuel and have hoses with 
standardized nozzles for a secure connection to 
the vehicle. As of this writing, there are over 1,200 
refueling stations offering LPG for sale to the public.173
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https://www.glpautogas.info/en/lpg-propane-stations-usa.html 
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12.4 VEHICLE TECHNOLOGY 
The primary technologies used in on-road 
transportation are variations of the ICE. ICEs have 
proven to be a reliable source of mobile power 
that functionally suits their use in transportation 
vehicles. The primary conventional ICE technologies 
are adapted to use either gasoline or diesel fuel 
and provide different characteristics. The gasoline 
ICE is spark-ignited and utilizes the characteristics 
of the fuel to provide a high-speed, responsive 
performance. The diesel ICE is compression-ignited 
and utilizes the characteristics of the fuel to provide 
a high-torque performance that is suitable for heavy 
loads, high efficiency, and long service life.


The common characteristics of the fuels used in 
these conventional engines are that they are liquid 
at ambient temperatures and can be carried in the 
vehicle in non-pressurized fuel tanks. These liquid 
fuels also offer a high energy density that provides a 
favorable fuel-volume-to-vehicle-range ratio. These 
characteristics also apply throughout the logistics 
and fuel delivery of these fuels.


The conventional fuel-vehicle technology system has 
developed and evolved since the early 20th century 
as the ICE technology was developed along with 
the fuels available. Late in the 20th century, vehicle 
technology and the required fuel specifications 
developed hand-in-hand as the requirements to 
reduce criteria pollutants required cleaner-burning 
fuels coupled with advanced vehicle technology. 
Thus, the conventional transportation fuel system 
and the vehicle technology are closely coupled.


In addition to these conventional fuel and vehicle 
technologies, ICEVs have been modified to use 
alternative fuels such as CNG, LNG, LPG, and EtOH 


blends up to E85. The ICEV modifications necessary 
to use CNG, LNG, and LPG involve installation of 
pressurized or insulated fuel tanks and fuel delivery 
and control systems. E85 is used in FFVs, which 
are special ICEVs that can run on E85 and whose 
materials in the fuel system and engine control 
mechanisms are compatible with E85.


12.5 SUMMARY OVERVIEW OF FLEET  
AND FUELS 
In summary, the existing fuel production, transport, 
and dispensing systems are closely coupled with 
existing ICEV technologies. This fuel-vehicle coupling 
has evolved over more than a century into a highly 
efficient system that provides abundant and highly 
available fuel to compatible vehicles for passenger 
and commercial transportation. With some 
adjustments to reduce the carbon intensity of fuels 
and existing vehicle technologies, this legacy system 
can be part of the climate solution. Furthermore, 
carbon-reducing adjustments to the existing 
system can be executed immediately even as new 
systems, such as those supporting electrification 
of transportation, are built out over the coming 
decades.


Any discussion of reducing the carbon emissions of 
ICEV has two primary dimensions: 1) the potential 
reduction in carbon intensity of the various ICE-
compatible liquid fuels, and 2) the efficiency of 
the fuel in the vehicle, often measured in miles 
per gallon (mpg). In the sections that follow, we 
discuss the requisite scale, efficiency, and transition 
challenges of any lower carbon fuel’s production, 
storage, and delivery. We also discuss the potential 
fuel-vehicle coupling options to reduce the carbon 
emissions from ICEVs. 
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In this section we identify, categorize, 
and discuss low-carbon fuels with 
potential to materially reduce the 
carbon emissions of the ICEV fleet 
along with the expected transition 
hurdles and consumer acceptance 
issues of the identified fuels. 
Besides the technical challenges 
of commercializing production, 
successful low-carbon ICEV fuels  
must be able to develop the  
required scale, achieve efficient 
deliverability, be able to couple  
with an ICEV, and be acceptable  
to the consumer.


174   In 2011, EPA approved E15 for use in light-duty conventional vehicles of model year 2001 and newer, through a Clean Air Act waiver request, based on significant testing 
and research funded by the U.S. Department of Energy. E15 is prohibited for use in motorcycles, non-road, and heavy-duty applications.


13.1 CURRENT DROP-IN FUELS FOR 
GASOLINE AND DIESEL ICEVs


A number of renewable fuels currently supplied 
to the transportation fuels market are used in 
the prevalent gasoline and diesel ICEVs. For this 
purpose, the term “drop-in fuels” will be used to 
describe fuels that can be blended with other fuels 
or used neat (i.e., without blending) in conventional 
ICEVs. There are four fuels that fit this category: 
EtOH, BD, RD, and renewable gasoline (RG).


13.1.1 ETHANOL 
EtOH is a drop-in fuel that can be used in all existing 
on-road gasoline ICEVs174 in an up-to-10% blend 
with petroleum gasoline and an up-to-15% blend 
for the majority of vehicles on the road. Although 
blends greater than 15% will power existing 
gasoline engines, the 15% limit is set by the limits 


Identification of Low- 
Carbon ICEV Fuels
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of the vehicle’s fuel system material compatibility 
and engine calibration. As discussed above, EtOH 
produced from starches and sugars are low-
carbon renewable fuels. The enhanced 45Q tax 
credit for carbon capture, utilization, and storage 
(CCUS) established with the IRA may provide an 
additional incentive for ethanol produced at plants 
incorporating CCUS.


13.1.2 B IODIESEL 
BD is a chemically dissimilar drop-in fuel that can 
be used to power diesel engines in concentrations 
up to 100%. However, due to limitations set by 
engine manufacturers, diesel specifications, 
concerns about material compatibility, and poor 
cold flow properties, BD is limited to 20% in diesel 
blends. Additionally, BD concentrations over 5% in 
blend must be labeled at the pump, causing some 
resistance to BD blends over 5%.175 The new 45Z 
CFPC established with the IRA and taking effect in 
2025 will provide an additional incentive for BD 
produced from non-crop feedstocks such as inedible 
tallow, UCO, and DCO.


13.1.3 RENEWABLE DIESEL 
RD is produced from the same feedstocks as BD. 
Unlike BD, however, RD’s chemical composition 
very closely mimics petroleum diesel and is 
compatible with diesel engines and specifications 
at all concentrations. Thus, it is a fully drop-in (or 
replacement) fuel; it may be used in diesel ICEVs at 
up to R100 (i.e., without blending with petroleum 
diesel). RD may be considered a premium diesel as 
its cetane number is much higher than petroleum 
diesel. Similar to BD, RD has labeling requirements 
that may provide some resistance to blends over 
5%. The new 45Z CFPC established with the IRA 
and taking effect in 2025 will provide an additional 
incentive for RD produced from non-crop feedstocks 
such as inedible tallow, UCO, and DCO.


13.1.4 RENEWABLE GASOLINE 
RG is produced as a by-product of RD production.  


175   DOE Alternative Fuels Data Center / Biofuel Blend Dispenser Labeling Requirement.


It is a drop-in fuel when blended with gasoline or can 
be processed further to improve its qualities.  
RG may be of low octane quality, which limits its 
direct use in gasoline. Since it is produced from the 
same feedstock as RD, RG is a low-carbon renewable 
fuel. The new 45Z CFPC established with the IRA 
and taking effect in 2025 will provide an additional 
incentive for RG produced from non-crop feedstocks 
such as inedible tallow, UCO, and DCO.


13.1.5 F ISCHER-TROPSCH DIESEL 
FT diesel can be produced from several feedstocks 
that are converted to syngas (a mixture of carbon 
monoxide and hydrogen) that is the raw material 
for the Fischer-Tropsch reaction that produces FT 
diesel and a range of coproducts. The resultant FT 
diesel product is a high-cetane drop-in replacement 
for petroleum diesel. All the current production of 
FT diesel is outside the U.S., using natural gas or 
coal as a feedstock. Essentially all the production is 
used in Europe and elsewhere. Since fossil materials 
are used in its production, the current FT diesel is 
not considered renewable or low-carbon. To make 
FT diesel renewable and low-carbon, a low-carbon 
renewable feedstock such as RNG, municipal solid 
waste (MSW), or wood waste must be used. The 
new 45Z CFPC established with the IRA and taking 
effect in 2025 will provide an additional incentive for 
FT diesel and coproducts produced from non-crop 
feedstocks such as RNG, MSW, or wood waste.


13.2 CURRENTLY AVAILABLE 
ALTERNATIVE FUELS FOR GASOLINE 
AND DIESEL ICE-AFVs


Alternate fueled vehicles (AFVs) that use ICEV tech-
nology are compatible with low-carbon alternative 
fuels. The low-carbon fuels used in ICE-AFVs are:


13.2.1 RENEWABLE NATURAL GAS 
RNG is used as CNG or LNG with the respective 
fueling systems. Its use requires a natural gas  
vehicle (NGV).



https://afdc.energy.gov/laws/6537
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Immediate carbon 
reductions yield both short- 
and long-term benefits. 
Near-term options for 
reducing the carbon 
intensity of ICEV fuels will 
have near-term reductions 
in carbon emissions, and 
improvements to ICEVs’ 
fuel economy amplify these 
carbon reductions.
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13.2.2 RENEWABLE PROPANE 
RP is a form of LPG that is a by-product of RD 
production. It shares the same low-carbon and 
renewable characteristics as RD and RG. Its use 
requires an AFV that is designed to use LPG. The new 
45Z CFPC established with the IRA and taking effect 
in 2025 will provide an additional incentive for RP 
produced from non-crop feedstocks such as inedible 
tallow, UCO, and DCO.


13.2.3 E85 
E85 is a hydrocarbon and ethanol blend of 51%-83% 
ethanol that can be used in FFVs. E85 is produced 
by blending ethanol with gasoline, low-octane 
petroleum, or natural gasoline streams. It can also 
be blended with renewable gasoline, thus making a 
100% renewable fuel. E85 must be used in vehicles 
designed for its use, must be stored in tanks that are 
compatible with its high ethanol content, and must 
be delivered to the vehicle in a fuel delivery system 
compatible with its high ethanol content.


13.3 POTENTIAL DROP-IN AND 
ALTERNATIVE FUELS FOR GASOLINE 
AND DIESEL ICEs AND ICE-AFVs


In previous sections of this report, we identified 
potential fuels that are yet to be introduced into the 
transportation fuels marketplace that could lower 
the carbon emissions of ICEVs. These fuels are for 
use as drop-in fuels or as fuels for AFVs with ICEs that 
are designed to use that fuel. The fuels identified are:


13.3.1 PYROLYSIS FUELS (GASOLINE,  
DIESEL,  AND PROPANE) 
Pyrolysis fuels are produced from the pyrolysis 
or thermal decomposition of biomass. Thermal 
decomposition of biomass can produce a wide mix 
of liquid, gaseous, and solid products that contain 
carbon, hydrogen, and oxygen. This mix can be 
processed to produce hydrocarbons like gasoline, 
diesel, LPG, and natural gas. To the extent they meet 
the specifications, these are low-carbon, drop-in 
renewable fuels.


13.3.2 B IOMASS TO L IQUIDS (BTL ) 
BTL uses partial oxidation, or gasification, of 
biomass or waste to produce a syngas (primarily 
carbon monoxide and hydrogen) that can be the 
raw material for the Fischer-Tropsch reaction 
that produces FT diesel or can use a methanol to 
gasoline process to produce renewable gasoline. BTL 
produces FT diesel, but since it is from renewable 
feedstocks, the products are low-carbon, drop-in 
renewable fuels.


13.3.3 ELECTROFUELS (GASOLINE, DIESEL, 
PROPANE, AND METHANE) 
E-fuels, also referred to as synthetic fuels, are a type 
of drop-in replacement fuel. They are manufactured 
using carbon dioxide, together with hydrogen 
(electrolyzed water) obtained from low-carbon 
electricity sources such as wind, solar, and nuclear 
power. The carbon dioxide may be sourced from an 
industrial source or from direct air capture (DAC). 
Carbon monoxide may be used in addition to carbon 
dioxide. The products are low-carbon, drop-in 
renewable fuels. The new clean hydrogen (45V), 
enhanced CCUS (45Q), and CFPC (45Z) tax credits 
established with the IRA may provide additional 
incentives for these fuels subject to limitations on 
stacking these credits.


13.3.4 ALTERNATIVE ICE FUELS (HYDROGEN) 
Hydrogen is typically considered a transportation 
fuel utilizing fuel cell technology. However, hydrogen 
can also be used to power an ICEV. A renewable 
hydrogen-ICEV coupling would offer a low-carbon, 
renewable ICEV option. Low-carbon hydrogen, 
including green hydrogen (produced via electrolysis 
using low-carbon power) and blue hydrogen 
(produced through reforming of natural gas coupled 
with CCUS), is eligible for additional incentives from 
the clean hydrogen (45V) and CCUS (45Q) provisions 
of the IRA. Importantly, the same fuel is not eligible 
to claim both the 45V and 45Q tax credits.
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Expected Transition, 
Hurdles, and 
Consumer Acceptance 
of Identified Fuels


In this section, we explain the transition 
of all fuels and fuel technologies 
identified above from concept to practical 
application to achieve a measurable 
reduction in transportation carbon 
emissions from specific fuels coupled with 
specific vehicle technologies. 
This will include an analysis of the specific hurdles 
(economic, technological, and consumer acceptance) 
for each fuel-vehicle pairing to get to meaningful 
market penetration, as well as the various ways to 
reduce the carbon intensity of petroleum gasoline  
and diesel. Petroleum gasoline and petroleum diesel 
were not included in the previous section as they 
are not low-carbon fuels but are instead the current 
conventional fuels which are to be displaced by 
lower carbon fuels. Petroleum gasoline and diesel 
will, however, be discussed in this section as they 
will remain a large part of the fuel mix as the energy 
transition proceeds. The discussion of petroleum 
fuels in this section will include measures which 
could reduce the petroleum fuels’ carbon intensities. 
Measures to reduce carbon emissions from ICEVs 
via improved fuel economy will be addressed in the 
following section.


In general, there are three methods of reducing 
life cycle carbon emissions using gasoline and 
diesel vehicles: 1) reducing carbon emissions in the 
production and supply of petroleum gasoline and 
diesel fuels, 2) using blended or neat fuels with lower 
carbon intensities, and 3) vehicle improvements. 
We will discuss vehicle improvements below. In this 
section, we will focus on the opportunities to reduce 
the carbon emissions from fuels used in ICEVs, as well 
as the challenges.


14.1 PETROLEUM AND CURRENT DROP-IN 
FUELS FOR GASOLINE AND DIESEL ICEVs


In the near term, gasoline and diesel vehicles 
present the greatest opportunity for reducing carbon 
emissions in the U.S. since the fueling infrastructure 
currently exists and consumers continue to purchase 
gasoline- and diesel-powered ICEVs. Similar to the 
transition to reformulated gasoline three decades ago, 
when reductions in criteria emissions were gained in 
existing vehicles through modification of the fuels’ 
composition, immediate carbon emissions reductions 
can be gained by reducing the carbon intensity of the 
fuel. In this section, we discuss the reduction in the 
carbon intensity of petroleum fuels along with the 
current drop-in fuels that can contribute to reducing 
the carbon emissions from gasoline and diesel ICEVs.
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14.1.1 PETROLEUM GASOLINE


Petroleum gasoline is the most common 
transportation fuel in the U.S.—approximately 
99% of the light-duty vehicles used by American 
families are powered by gasoline176—and improving 
the fuel efficiency of gasoline-powered vehicles 
has reduced carbon emissions over the past two 
decades by more than any other carbon-reduction 
method. Given that gasoline demand in the U.S. 
peaked in 2019 (i.e., demand has begun to decline), 
the existing petroleum infrastructure, described 
above, is sufficient to meet future supply needs. 
Consumer acceptance of gasoline is nearly universal, 
with the only major concerns being those of 
tailpipe carbon emissions and criteria pollutants. 
These concerns have been partially addressed by 
auto manufacturers and fuel suppliers meeting 
increasingly stringent fuel efficiency and pollution 
emission standards over the past few decades, and 
progress continues into the future. 


According to the GREET model, approximately 
22% of life cycle emissions from gasoline-powered 
vehicles are created in the upstream production 
of crude oil, transport of crude oil to refineries, 
the refining process, and transport of gasoline 
to market.177 The opportunities for emissions 
reductions within these activities are significant. 
One primary way to reduce production, refining, and 
transportation carbon emissions is to reduce the 
carbon intensity of the energy used in the associated 
processes. Emissions from crude production come 
from the combustion of natural gas and distillates to 
generate steam and electricity. These emissions can 
be reduced by using renewable energy from solar 
and wind sources. Additionally, flaring and fugitive 
methane emissions contribute 13% of all GHG 
emissions from crude production and transport. 


176   EIA / AEO 2022 Table 39.


177   About 71% of the life-cycle carbon emissions of gasoline in the U.S. projected by the GREET model are in the combustion of gasoline. The rest are from the supply of 
crude, refining and supply of the gasoline to consumers.  


178   CARB / Calculation of 2021 Crude Average Carbon Intensity Values.


179   While CARB does increase the LCFS CI reduction requirements in California when the pool of crudes used in-state increases from historical levels, this pooling does not 
provide direct incentives to reduce consumption of high CI crudes since the additional costs are shared by all fuel providers into the California market.


These emissions sources are being reduced by 
regulations worldwide which should maintain or 
reduce carbon emissions from crude production and 
transport even as production shifts to more energy-
intensive crude production.    


Some very heavy crude oils require substantial 
amounts of energy to be extracted in usable form. 
For example, while the average carbon intensity 
of crude oil processed in California in 2021 was 
12.80 g/MJ, the carbon intensities of individual 
crude oils varied from 1.59 g/MJ to 48.13 g/MJ.178 
The differences in the range of carbon intensities 
of individual crude oils can be extreme enough 
to change life cycle emissions of fuels produced 
by nearly 50%.179 Refineries worldwide lack 
financial incentives to process lower carbon crude 
oils. California’s LCFS regulation provides some 
incentives for crude producers to reduce carbon 
emissions while extracting crude oils with carbon 
capture and sequestration (CCS), but the reduced 
emissions from the crude production process simply 
generate LCFS credits for the producer without 
directly impacting the assessed CI of the gasoline 
and diesel produced by refiners using this crude. 


Similarly, the carbon emissions required to refine 
gasoline from very heavy crude oils are much higher 
than for lighter crude oils because heavy crudes 
contain larger volumes of heavy gasoils and residues 
that require energy-intensive processes such as 
fluid catalytic cracking and delayed coking  in order 
to be converted to gasoline.  Since these heavy 
crudes are more difficult and costly to convert into 
light products, they are generally less expensive 
than lighter crudes. Hence, refineries that have the 
complexity to process these heavy crudes and can 
thus offset their higher capital and operating costs 
can often be more profitable than simpler refineries. 



https://www.eia.gov/outlooks/aeo/data/browser/#/?id=49-AEO2022&cases=ref2022&sourcekey=0

https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/crude-oil/2021_crude_average_ci_value_final.pdf
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As discussed in the Life Cycle portion of this report, 
there are many ways that refineries can lower their 
GHG emissions. These include:


1. Using more-efficient equipment – The 
efficiency of refining equipment and energy 
efficiency have steadily improved over the past 
century, and continued improvements will 
be forthcoming as refiners continue to invest 
in, develop, and employ new technologies 
designed to lower GHG emissions.


2. Deploying carbon capture and sequestration 
– Incentives for CCS increase with CO2 
concentration in effluent streams and scale. 
Dozens of CCS investments are being developed 
throughout the U.S.—78 were announced 
between 2021 and 2022180—with several 
announced projects for aggregating CO2 
streams from ethanol plants for sequestration. 
The enhanced CCUS incentives included in 
the IRA are available to refiners deploying this 
technology.


3. Utilizing renewable or low-carbon hydrogen 
– Using RNG to produce refinery hydrogen is an 
alternative encouraged in California, but since 
it can also be used to directly fuel vehicles, 
as discussed previously, and decarbonize 
power generation, it is not clear if there will 
be sufficient supply to contribute to lowering 
gasoline fuel CI. Production of low-carbon 
hydrogen used in refining may be eligible for 
the clean hydrogen (45V) tax credit established 
with the IRA.


4. Switching to renewable feedstocks – We will 
discuss this option in detail in the sections 
on renewable gasoline and renewable diesel 
below. Fuels produced from renewable 
feedstocks which are co-processed with 


180   Akin / Notable US Carbon Capture and Storage Projects.


petroleum are not eligible for the CFPC (45Z) 
tax credit provision of the IRA. 


Taken together, these four improvements are expected 
to enable continued reduction in carbon emissions 
from producing and delivering gasoline to consumers. 


CONCLUSION: Transitioning to a reduced-
carbon petroleum gasoline should be 
comparatively simple as the production 
capacity, logistics, fuel delivery, and vehicle 
technology exist. Since any change would 
be transparent to the consumer —barring 
probable fuel price increases to support carbon 
emissions reductions in crude production, 
transportation, and refinery operations—
consumer acceptance would be high. The 
challenges to reducing the carbon intensity of 
crude oil and refined gasoline would fall on 
the upstream oil and gas production, tanker, 
and refining industries. As these are global 
industries, reducing carbon emissions would 
require widespread adoption to eliminate 
gas flaring; increasing the use of renewable 
energy in production, transportation, and 
refining; and improving energy efficiency in 
each area. These are the types of changes 
currently being pursued in the fuels industry 
and could quickly produce significant 
reductions at low to medium costs. The 
majority of economic projects required to make 
these changes could probably be developed 
in less than 10 years with incentives similar to 
those provided to renewable fuels producers. 
However, global initiatives would also likely 
be required to obtain the maximum benefits 
because of the global nature of the crude 
oil supply chain.  Widespread adoption of 
environmental, social, and governance (ESG) 
measures by the oil and gas industry and 
marine industry would further reduce the 
carbon intensity of petroleum gasoline.



https://www.akingump.com/en/experience/industries/energy/speaking-energy/notable-us-carbon-capture-and-storage-projects.html
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14.1.2 PETROLEUM DIESEL


Petroleum diesel is the second most common 
transportation fuel in the U.S. Like gasoline, it is 
an established fuel that has been used for over 100 
years and is produced and supplied to all parts of 
the U.S. While gasoline is the dominant fuel in the 
light-duty vehicle fleet, diesel is the primary fuel 
for the medium- and heavy-duty vehicle fleets and 
railroad locomotives that are used to haul goods 
across the country.  Diesel’s high energy density 
combines with the high thermal efficiency and high 
torque produced from diesel engines to make it the 
preferred fuel for this segment of the transportation 
sector. It is also important to note that this 
segment is much more difficult to decarbonize by 
electrification—as opposed to other options—since 
new heavy-duty EVs need additional onboard battery 
storage to achieve the range required for long-haul 
trucking, and heavy-duty EVs cost two to three times 
as much as similar diesel models, compared to 20-
30% more for light-duty vehicles. 


The factors impacting ongoing use for diesel are 
similar to those relating to gasoline: 


1. The existing infrastructure for diesel is 
sufficient to meet future supply needs,


2. Consumer acceptance of diesel is widespread 
with the only major concerns being those 
of tailpipe carbon emissions and criteria 
pollutants, and 


3. Truck manufacturers must meet increasingly 
stringent fuel efficiency and pollution emission 
standards.


Reducing carbon emissions in the production 
and supply of diesel is similar to that of gasoline, 
except that significantly less carbon is emitted 
in the production of diesel than gasoline. While 
22% of life cycle emissions for gasoline come from 
production and supply, only 16% of emissions from 


diesel come from these factors. This difference is 
due to the significant amounts of gasoline that are 
produced from cracking and coking operations, 
which require large amounts of energy. However, the 
same opportunities listed for gasoline—lower carbon 
crude oils, refinery efficiency, CCS, lower carbon 
hydrogen, and renewable feedstocks—can be used 
in principle for diesel production. How directly each 
of these applies to the diesel produced is estimated 
by models such as GREET. 


CONCLUSION: Similar to petroleum 
gasoline, transitioning to a reduced 
carbon petroleum diesel may be possible 
as the production capacity, logistics, fuel 
delivery, and vehicle technology exist. 
Since any change would be transparent 
to the consumer—barring probable fuel 
price increases to support carbon emissions 
reductions in upstream crude production, 
transportation, and refinery operations— 
consumer acceptance would be high. The 
challenges to reducing the carbon intensity 
of crude oil would fall on the oil and gas 
production, tanker, and refining industries. 
As these are global industries, reducing 
carbon emissions would require widespread 
adoption to eliminate gas flaring; increasing 
the use of renewable energy in production, 
transportation, and refining; and improving 
energy efficiency in each area. To make 
these changes, strong global initiatives 
would likely be required, although domestic 
initiatives could be helpful. Widespread 
adoption of ESG measures by the energy 
and marine industries would further reduce 
the carbon intensity of petroleum diesel. As 
with gasoline, if the proper incentives were 
in place, most of the economic projects could 
be developed in the next 10 years at a low 
to medium cost compared with  
other alternatives. 
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14.1.3 ETHANOL (E10 AND E15 BLENDS) 
 
Ethanol is a renewable alcohol fuel that can reduce 
oil dependence and carbon emissions. Most gasoline 
in the U.S. is E10, and all 2001 model year and newer 
cars are legally compatible with blends up to E15, 
although not all of these vehicles are warranted by 
their manufacturer for E15.181,182 Acceptance of E10 
is nearly universal in the U.S., and E15 should be 
similarly accepted by consumers. The infrastructure 
for E10 is ubiquitous and sufficient for future 
demand but will require some modifications to 
enable E15 to achieve the same level of acceptance. 
Terminals might require minor investments in 
pumps and/or tanks to offer E15 efficiently since it 
would increase blended ethanol volumes by 50% for 
a complete transition. In addition, even though new 
equipment in retail sites can be rated for up to E25, 
E40, or E85, this does not apply to all new equipment 
nor legacy equipment that may only be listed as 
compatible with blends up to E10. Similarly, while 
there is excess ethanol production capacity in the 
U.S., new capacity may need to be built  if there were 
to be universal adoption of E15. 


Here and below we will discuss the opportunities to 
reduce the overall carbon intensity of gasoline fuel 
through increasing the blend percentage of ethanol 
(E10 and E15 will be discussed in this section while 
blends beyond 15% will be discussed afterwards. 
Options for reducing the carbon intensity of ethanol 
itself will be discussed futher on.)


Although E15 was approved for use by EPA under 
a partial waiver of the Clean Air Act (CAA) in 2011, 
there have been hurdles to its use. One such hurdle 
was temporarily removed in 2022 via an emergency 
waiver from EPA granting E15 the same 1 psi RVP 
waiver that E10 enjoys during the summer months but 


181   Consumer Reports / Can Using Gas with 15 Percent Ethanol Damage Your Car?.


182   DOE AFDC / E15. 


183   EPA / Re: August 30, 2022, E15 Reid Vapor Pressure Fuel Waiver.


184   DOE AFDC / E15.


185   EPA has approved E15 for use in light-duty conventional vehicles of model year 2001 and newer. E15 is still prohibited for use in motorcycles, non-road, and heavy-duty 
applications. As such, the volume excluded from E15 use is much smaller than the volume which is allowed.


which E15 had previously not had.183 Without the RVP 
waiver applied, E15 would have to have a lower RVP 
than E10 during the summer months, and a different 
gasoline blendstock would be required for E15 than 
E10. This hurdle has limited E15 availability in the 
marketplace. Even with this waiver, E15 may be slow 
to develop since the temporary basis of the emergency 
waiver creates uncertainty about E15’s future and 
therefore discourages investment. To eliminate this 
uncertainty, the CAA would need to be amended or a 
permanent E15 RVP waiver adopted by EPA.


A second, lesser hurdle for E15 is the nature of the 
EPA E15 waiver in 2011. In its waiver, EPA excluded 
approval for E15 use in motorcycles, vehicles with 
heavy-duty engines such as school buses and 
delivery trucks, off-road vehicles such as boats 
and snowmobiles, engines in off-road equipment 
such as chain saws and gasoline lawn mowers, and 
conventional vehicles older than model year 2001.184 
Because the E15 waiver does not cover all the same 
uses as E10, both fuels would need to be supplied 
to the marketplace separately.185 For a fuel retailer, 
the choice might be selling E15 in place of an existing 
grade. Although the exclusion of E15 from some 
gasoline uses is not a high hurdle, it could slow  
E15 adoption.


On the consumer acceptance side, there is little 
change except that E15 would have about 2% less 
energy per gallon than E10. Although this is small, it 
generally takes a slight price discount for consumers 
to choose E15.  Therefore, retailers currently offer 
E15 for $0.05-$0.10 per gallon less than E10.  In 
addition, E15 has an octane rating higher than 
traditional regular grade E10, and consumers often 
think buying gasoline with a higher octane rating at a 
lower price is a competitive value.



https://www.consumerreports.org/cars/car-repair-maintenance/can-using-gas-with-15-percent-ethanol-damage-your-car-a7855829511/

https://afdc.energy.gov/fuels/ethanol_e15.html

https://www.epa.gov/system/files/documents/2022-08/extensionof-nationwide-fuel-waiver-allowing-e15-gasoline082622.pdf

https://afdc.energy.gov/fuels/ethanol_e15.html
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While there are regulatory and consumer perception 
hurdles to widespread E15 adoption, ethanol has 
no economic hurdles to continue to be sold at 10% 
levels. Ethanol has at times been both more and 
less expensive on an energy basis than gasoline,186 
but it is subsidized by the RFS to ensure it will be 
continuously economical to fuel suppliers and 
consumers. E15 has minor economic hurdles for 
low levels of adoption in certain retail sites, but 
larger costs would be incurred to have it completely 
replace E10 in the market.  


Ethanol could also reduce the carbon intensity of E10 
and E15 by becoming lower in carbon intensity itself.   
Almost all the ethanol used in transportation fuels 
in the U.S. is produced from corn, and increasing 
the share of ethanol from sugarcane (SCE) that is 
used will decrease the average carbon intensity of 
ethanol. Increasing the share of SCE is challenging 
for several reasons, including: 


1. Most SCE is produced in Brazil, which uses 
ethanol in its transportation fleet and does not 
consistently have a surplus available 
to export.


186   Ethanol is generally cheaper than gasoline on a volume basis, but it has only two-thirds the energy content of gasoline. As a result, it can price higher or lower than 
gasoline on an energy basis.


2. Getting some of this SCE to the U.S. and 
away from Brazil would require increasing 
and prioritizing exports over domestic 
transportation in Brazil.


3. Brazilian ethanol production varies widely 
from year to year with rain and weather, and 
SCE production primarily occurs during the 
sugarcane harvest season, making production 
highly unratable.


4. The long transport distance from Brazil to 
much of the U.S. exposes the importer to price 
fluctuations which cannot readily be hedged. 


These factors, in addition to the high value of cane 
sugar as food , make a substantial increase in SCE 
use impractical.  


There are three ways that are currently progressing 
to reduce the corn ethanol carbon intensity. The 
first two leverage the fact that a large percentage 
(33-50%) of corn ethanol’s carbon intensity is related 
to corn production, primarily energy and fertilizers. 
Thus, the first way to reduce corn ethanol’s 
carbon intensity is by continuing to increase corn 
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yield per acre without increasing the energy and 
fertilizer inputs.187 A second way is by changing 
the agricultural practices of farming to reduce 
the carbon intensity of the corn used to produce 
ethanol.188 These practices include no-till farming 
aimed at greater carbon and nutrient sequestration 
in the soil and reduced chemical fertilizer use. A 
third option for reducing the carbon intensity of 
ethanol is to capture the carbon dioxide produced 
from fermentation and sequester it in underground 
formations that would offset emissions when used in 
the vehicles. 


As fermentation produces a highly concentrated 
stream of carbon dioxide, capturing this carbon 
dioxide from the atmosphere and permanently 
sequestering it underground could be credited to  
the carbon intensity of the ethanol.


CONCLUSION: The carbon intensity of 
corn ethanol has been decreasing and will 
continue to decrease as yields increase, 
agricultural practices are improved, and 
CCS is implemented on ethanol production 
facilities. Wider use of E15 will reduce the 
carbon intensity of gasoline. With the RFS in 
place, cost would be minimal unless there 
is wholesale replacement of E10. Logistics 
and fuel delivery impacts will be minimal, 
and the fuel is compatible with post-2001 
vehicles. Thus, E15 is a viable means to 
reduce the carbon intensity of gasoline 
ICEVs. The challenges it faces are regulatory 
and legislative, which keep it from being a 
true replacement for E10 in most on-road 
ICEVs. If these challenges were addressed,  
a near-complete transition to E15 could  
be accomplished in as little as five years.  
Without significant regulatory and 
legislative efforts, this transition could  
take considerably longer.


187   Green Car Congress / Argonne study finds 23% reduction decrease in carbon intensity of ethanol from 2005 to 2019.


188  DOE Office of Energy Efficiency & Renewable Energy / Ethanol vs. Petroleum-Based Fuel Carbon Emissions.



https://www.greencarcongress.com/2021/05/20210526-ethanol.html

https://www.energy.gov/eere/bioenergy/articles/ethanol-vs-petroleum-based-fuel-carbon-emissions
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FIGURE 65. DEVELOPMENT OF GLOBAL BIODIESEL CONSUMPTION


Source: OECD-FAO, OECD-FAO Agricultural Outlook, OECD Agriculture Statistics (database).
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14.1.4 B IODIESEL (B5 AND B20)


As noted in the Life Cycle section of this report, BD 
use in the U.S. peaked in 2021 and is not projected 
by the EIA to return to that level in the next 25 
years because it is being displaced by RD. The 
disadvantages that BD has versus RD include:  


1. Production at smaller scale,


2. Owned by smaller, less financed companies,


3. Chemical dissimilarity to petroleum diesel, and


4. A 20% “blend wall” in existing diesel 
infrastructure due to poor cold flow properties 
and material compatibility concerns.


Combined with the fact that BD and RD compete 
for the same feedstocks, these disadvantages  
have caused U.S. RD production to increase by over 
500 million gallons and BD production to decrease


189   Organization for Economic Cooperation and Development (OECD) / OECD-FAO Agricultural Outlook 2023-2030, Section 9. Biofuels.


by the same amount, respectively, between 2021 
and 2022, and have led the EIA to not project growth 
for BD.  In fact, if demand for gasoline and diesel 
declines significantly, sufficient shuttered refinery 
equipment might become available for conversion 
to RD production to displace BD beyond what is 
currently predicted by the EIA.  EIA’s projection on 
BD and RD demand reflected in the 2022 AEO is 
discussed further in the Life Cycle section of  
this report.


Globally, BD has enjoyed widespread growth—
the production technology is of low complexity 
and feedstock has been easily procured. The U.S. 
consumption of BD has been just a fraction of the 
global consumption. According to the Food and 
Agriculture Organization (FAO) of the United Nations, 
it is expected that global BD consumption will level 
off through the rest of this decade. This is shown in 
the global history and projection from FAO below.189 
(Figure 65)



http://dx.doi.org/10.1787/agr-outl-data-en

https://www.oecd-ilibrary.org/sites/89d2ac54-en/index.html?itemId=/content/component/89d2ac54-en
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In the U.S., BD production capacity was 2,255 million 
gallons per year in 72 facilities at the beginning of 
2022.190 Most of these facilities are in the Midwest 
where much of the oilseed crops which comprise 
the bulk of BD feedstocks are grown. Domestic BD 
production capacity exceeds the domestic use of 
1,710 million gallons in 2021.191 Most BD moves from 
the production facility to terminals in the market via 
rail. Local markets can be supplied by tanker trucks 
and barging can be part of the delivery logistics. 
As mentioned above, BD may be transported in 
pipelines in up-to-B5 blends, but usually is not 
allowed at any concentration if the pipeline also 
carries jet fuel. BD may be blended to B99 at the 
production facility, enabling the production facility 
to capture the $1.00 per gallon biomass-based diesel 
blenders tax credit and separate the associated 
RFS RINs. BD is normally blended to its final 
concentration at the terminal or as the tanker truck 
is loaded for delivery to the retail station  
or customer.


BD is made up of mono-alkyl ester fatty acids which 
give it unique fuel properties such as poor cold flow, 
which can cause problems at low temperatures. 
BD is incompatible with jet fuel even at low 


190   EIA / U.S. Biodiesel Plant Production Capacity.


191   EIA / 2021 Supply and Disposition.


concentrations and also reduces particulates but 
increases NOx emissions compared to petroleum 
diesel. Generally, BD is allowed up to B20 in diesel 
by vehicle manufacturers. Consumer acceptance of 
BD is generally good, and higher-level blends should 
find the same consumer acceptance.


CONCLUSION: BD has production capacity, 
logistics, and fuel delivery systems that 
could be used to increase its concentration 
in the diesel pool, thus lowering the 
carbon intensity of diesel fuel. It has some 
challenges because of its unique properties 
and economics that are apparent since the 
BD industry operates at 75% capacity. The 
most prevalent challenge for BD is RD, which 
uses the same limited feedstocks as BD and 
produces a product without the limitations 
of a mono-alkyl ester fatty acid. Without 
feedstock competition with RD, increasing 
BD blending to approach B20 in much of the 
U.S. could be accomplished in 5-10 years 
with exceptions made to allow B5 in colder 
climate locations. Since existing systems 
are mostly compatible with B20, the overall 
nonsubsidized cost is low to medium.  



https://www.eia.gov/biofuels/biodiesel/capacity/

https://www.eia.gov/dnav/pet/pet_sum_snd_d_nus_mbbl_a_cur.htm
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14.1.5 RENEWABLE DIESEL


Unlike BD, discussed above, RD is composed 
of hydrocarbon molecules, as is petroleum 
diesel. Thus, the properties of RD meet all the 
specifications of diesel. Other than potential labeling 
requirements, RD can be blended with petroleum 
diesel and/or BD in any proportion. The ability to 
replace BD and diesel with no changes to vehicles or 
fuel infrastructure is the basis for expected ongoing 
growth in RD production and usage. The technology 
is well-developed, and very well regarded in the 
marketplace, and RD may capture a premium retail 
price compared to diesel fuel due to its low-carbon 
nature and high-cetane properties even though it 
has slightly less energy per gallon. 


As of January 2023, there are 14 RD production 
facilities with a total capacity of 2,381 million gallons 
per year.192 Three of those production facilities 
are petroleum refineries that produce RD by co-
processing RD feedstocks along with petroleum 
diesel. Most of the capacity is located on the U.S. 
Gulf Coast. Additionally, a large volume of RD is 
imported to the West Coast from one of the first large 
RD production facilities located in Singapore. 


RD production capacity is growing rapidly, with 
dozens of projects being developed in the U.S Gulf 
Coast, California, Western U.S., Canada, Europe, 
and Singapore that will triple current production 
capacity over the next two to three years. A good 
portion of this new capacity will target the European 
market. Notably, two of the existing production 
facilities are repurposed petroleum refineries, and 
two new projects are very large-scale conversions of 
petroleum refineries in California. The development 
of these projects suggests that if sufficient feedstock 
can be found, growth in RD production could be 
greater than what is discussed in the Life Cycle 
section of this report. Supporting this hypothesis is 
the strong growth of RD to 37% of California's diesel 
pool in the second quarter of 2022. This trend shows 


192  Stillwater analysis of publicly available information.


no signs of receding. In fact, declining petroleum 
gasoline and diesel demand could create additional 
opportunities to repurpose refineries to produce RD. 


To date, because of the LCFS, a large majority of 
the domestic RD use has been in California. With 
much of the RD production capacity either inland 
in the West or on the Gulf Coast, RD is delivered by 
rail tank cars, or by water and/or truck or pipeline 
to the terminals in the marketplace despite high 
transportation costs. Since RD is almost identical to 
petroleum diesel in composition, it can be blended 
at the refineries or terminals and sold as R100/R99. 
RD can be shipped in the pipeline system; in blends 
with petroleum diesel, however, it is limited to 5% 
due to labeling requirements. A challenge for RD 
produced outside of California is that, as California’s 
diesel becomes primarily RD, additional markets 
will have to be developed, preferably local to the 
production facilities or markets that are served by 
pipelines from the Gulf Coast. The addition of LCFS-
style programs in Oregon, Washington, and British 
Columbia will provide some of the incentives to use 
RD in those markets. According to the Transportation 
Energy  Institute, an increasing number of publicly 
traded companies have begun sourcing RD for 
use outside of LCFS states to improve their ESG 
emissions reporting.


CONCLUSION: RD is compatible with the 
existing logistics, fuel delivery, and vehicle 
technology systems that are used for diesel 
fuel. It has very good customer acceptance 
in any blend. The only challenges to RD are 
the FTC labeling requirements for biomass-
based diesel. RD is a fast-growing method of 
decarbonizing the fleet of diesel vehicles and 
is likely the greatest way to reduce carbon 
emissions in the heavy-duty fleet over the 
next 10 years. While it is considerably more 
expensive than petroleum diesel, the 
economics for RD growth is positive with 
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the current set of regulatory subsidies in 
place, and the limit on its growth over this 
timeframe is more likely to be feedstock 
availability rather than capital availability.  
If the agricultural and waste fats, oils, and 
grease sector of the U.S. economy can 
increase feedstock collection and production 
sufficiently, RD will make reductions of 50% 
to 70% in carbon emissions in the overall 
U.S. heavy-duty transport sector in the  
next 15 years.   


14.1.6 FT DIESEL (CTL AND GTL) 
Production of fuels via Fischer-Tropsch (FT) was 
mainly developed by Germany during the Second 
World War and by the South African Company 
SASOL two decades later. Historically, feedstocks 
used to produce the syngas that is reacted to FT 
product were coal and natural gas. Today, FT diesel 
is primarily produced from natural gas-derived 
synthesis gas using the FT reaction. These natural 
gas-to-liquid (GTL) production facilities are located 
in Malaysia, Qatar, Nigeria, and South Africa. There 
are also coal-to-liquid (CTL) facilities that produce FT 
diesel in South Africa. The FT diesel produced is used 
locally and in Europe. FT diesel is a high-quality, 
high-cetane drop-in fuel. However, since GTL diesel 
is made from fossil natural gas, it nonrenewable and 
has a high carbon intensity (over 100 g/MJ).193


Although the FT diesel produced to date does not 
contribute to the reduction of carbon emissions, 
the history of FT illustrates some of the primary 
challenges of utilizing FT processes to produce 
diesel and other fuels from low-carbon renewable 
feedstocks. The FT reaction is a polymerization 
technology converting a carbon monoxide and 
hydrogen syngas into a waxy liquid product of 
straight-chain normal paraffins. The product is 
further upgraded to fuels such as diesel via  


193   Argonne National Lab / Life Cycle Analysis of Electrofuels: Fischer-Tropsch Fuel Production from Hydrogen and Corn Ethanol Byproduct CO2.


194   Most of the existing GTL facilities also produce a significant portion of their output as very high valued specialty oils and waxes.


195   Argonne National Lab / Life Cycle Analysis of Electrofuels: Fischer-Tropsch Fuel Production from Hydrogen and Corn Ethanol Byproduct CO2.


hydrocracking and isomerization, which are 
commercial refinery processes.  


For over 50 years, there has been significant ongoing 
interest in FT technology as a way to utilize coal 
and stranded natural gas reserves. In spite of all 
these efforts to commercialize FT technology, 
the challenge has been and continues to be an 
acceptable capital cost to produce fuels that achieve 
reliable, scalable operations.194 


For FT technology to contribute to decarbonization, 
feedstocks other than coal and natural gas will 
need to be used since the CI of FT diesel produced 
from both coal and natural gas is higher than that 
of petroleum diesel.195  RNG is a possible feedstock, 
but competition for its use with other applications 
is likely to be intense. Cellulosic feedstocks that are 
nonfood based and include crop residues, wood 
residues, dedicated energy crops, and industrial and 
other wastes are also possible. None of these have 
yet been proven at commercial scales. 


CONCLUSION: The FT process produces 
fuels that are compatible with the existing 
logistics, fuel delivery, and vehicle 
technology systems that are used for diesel 
fuel. The properties are very similar to RD, 
and if made with biomass would have the 
same FTC labeling requirements as biomass-
based diesel. The challenge for FT is cost 
and economics. FT technology has long 
been used to generate liquid fuels from 
coal and gas, but this pathway has never 
been as economical as petroleum fuels. 
Furthermore, when used with coal and fossil 
natural gas as feedstocks, FT does not help 
to decarbonize transport fuels—in fact, it 
increases the carbon intensity of fuels



https://pubs.acs.org/doi/10.1021/acs.est.0c05893

https://pubs.acs.org/doi/10.1021/acs.est.0c05893
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ICEV improvements 
can complement ZEV 
deployment.
A portfolio approach 
will maximize the 
reductions in on-road 
transportation carbon 
emissions in both the 
near and long term.
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compared to petroleum diesel. Accordingly, 
FT diesel from natural gas (GTL) and coal 
(CTL) will not be discussed further in  
this report. Low-carbon FT diesel from  
biomass-to-liquid (BTL) sources will  
be discussed below.  


14.1.7 RENEWABLE GASOLINE


As mentioned above, RG is produced as a by-product 
of RD production. Utilizing new technologies, RG 
can also be produced from feedstocks other than 
those used for RD and BD production and in different 
existing refinery units.196, 197, 198, 199, 200 The naphtha 
stream produced as a by-product of RD production 
typically has very low octane and can be processed 
in a catalytic reformer and/or isomerization unit 
to increase its octane and improve other blending 
properties. Since it is produced as a by-product in 
the production of RD and comes from the same 
feedstocks, RG is a low-carbon renewable fuel. Given 
that RG is a by-product, the volume of RG currently 
being produced is much smaller than the volume 
of RD currently being produced. Some refiners are 
trying to figure out how to dramatically increase 
their ability to process renewable feedstocks to 
produce RG in existing refinery equipment without 
large capital investment,201 but it has not yet been 
done at scale. 


Since RG is completely compatible with the existing 
gasoline production and delivery infrastructure, 
there should be few obstacles in these parts of the 
fuel value chain that prevent adoption at scale.


196   Virent / Renewable Gasoline.  


197  Neste / Neste is testing renewable gasoline in Sweden for possible commercialization internationally. 


198   Government Fleet / What is Renewable Gasoline?. 


199   Green Car Congress / Bosch, Shell, and Volkswagen develop renewable gasoline with 20% lower CO2; rollout of Blue Gasoline this year.


200   Reuters / EXCLUSIVE Exxon, Chevron look to make renewable fuels without costly refinery upgrades – sources.


201   Reuters / EXCLUSIVE Exxon, Chevron look to make renewable fuels without costly refinery upgrades – sources.


RG would likely have the same wide-scale 
acceptance as RD since their principles of production 
and use are very similar. It has a CI 60% below that 
of gasoline, so it could contribute carbon reductions 
to the enormous existing gasoline vehicle fleet and 
would be supplied through the existing gasoline 
supply infrastructure. Although it would be more 
expensive to produce than petroleum gasoline, 
like RD compared to petroleum diesel, the existing 
incentives would likely be sufficient to justify large-
scale production. The two key obstacles to RG 
becoming material are lack of technology proven at 
scale and competition for feedstocks with RD in a 
feedstock-limited environment. 


CONCLUSION: RG is compatible with 
the existing logistics, fuel delivery, and 
vehicle technology systems that are used 
for gasoline. It has very good customer 
acceptance in any blend. If RG can be 
produced economically and at scale it could 
be the fastest method of decarbonizing 
the light-duty ICEV fleet. The economics for 
RG are enhanced with the current set of 
regulatory subsidies in place. The greatest 
challenge for RG is developing an economic 
and scalable production technology beyond 
that used for RD.  Overall, modest volumes 
of RG would reduce the carbon emissions of 
the gasoline ICEVs utilizing the fuel by 50-
70% and can be produced at moderate cost 
over the next 5-15 years when producing 
RD. Much larger volumes would be needed 
to displace most petroleum gasoline, and 
this would require commercialization of 
other RG production technologies. 



https://www.virent.com/products/renewable-gasoline/

https://www.neste.com/releases-and-news/renewable-solutions/neste-testing-renewable-gasoline-sweden-possible-commercialization-internationally

https://www.government-fleet.com/353297/what-is-renewable-gasoline

https://www.bosch-mobility-solutions.com/en/about-us/current-news/renewable-gasoline/

https://www.reuters.com/world/middle-east/exclusive-exxon-chevron-look-make-renewable-fuels-without-costly-refinery-2021-08-12/

https://www.reuters.com/world/middle-east/exclusive-exxon-chevron-look-make-renewable-fuels-without-costly-refinery-2021-08-12/
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14.2 CURRENTLY AVAILABLE 
ALTERNATIVE FUELS FOR GASOLINE 
AND DIESEL – ICE-AFVs


In this section, we cover alternative fuels that are not 
currently being used in existing gasoline or diesel 
ICEVs as they require vehicles specifically designed 
for that fuel (i.e., AFVs). These vehicles have modified 
fuel receiving, storage, engine control, and materials 
that are suited for these alternative (i.e., non-
gasoline or non-diesel) fuels. Typically, an alternative 
fuel and its corresponding vehicle are inseparable—
the fuel can only be used in one type of vehicle and 
that vehicle can only run on that specific type of 
fuel. Most AFVs are part of centrally fueled fleets, 
which minimizes the challenge of minimal retail 
fueling availability. Since these fuels require vehicles 
specifically designed for them, an inherent challenge 
to increasing their use is increasing the size of the 
fleet of vehicles that use the fuel. These alternative 
fuels and vehicles include RNG and renewable 
propane, as well as higher blends of ethanol and BD 
in the gasoline and diesel pools, respectively.   


14.2.1 RENEWABLE NATURAL GAS


According to the GREET model, some RNG has the 
lowest CIs of any fuel. RNG can be produced from 
landfills, digestion of wastewater sludge, food 
scraps, agricultural waste, and livestock manure. 
RNG produced from swine manure has a CI of  
-338 g/MJ, which reduces carbon emissions by 527% 
versus fossil natural gas. RNG from dairy manure, 
food scraps, and other organic waste also has very 
low CIs, which create enormous economic incentives 
for production to be placed in states with LCFS 
programs. The very low (and sometimes negative) 
CI values are thanks to the fuel being credited for 
reducing methane emissions (“methane has 80 times 
the warming power of CO2 over the first 20 years after 
it reaches the atmosphere”) that would otherwise 


202  Environmental Defense Fund / Methane: A crucial opportunity in the climate fight. 


203  EIA / Natural Gas. 


204  NGV America / Vehicles for Every Route.


occur and being cleaned up so that it can be used 
in place of fossil natural gas.202 Natural gas is used 
in vehicles in the form of CNG and LNG; combined, 
these transport fuels made up less than 0.1% of the 
total natural gas used in the U.S.203 RNG generates 
RINs, and in California and Oregon, generates so 
much value by generating LCFS credits that over 
95% of the CNG and LNG used in these states is RNG. 
The two states represent 55% of the RNG used for 
transportation in the U.S.


In 2022, 360 million GGE of RNG were used as a 
transportation fuel in a NGV fleet of over 175,000 
vehicles.204 Fueling of these vehicles is supported by 
1,740 CNG and LNG fueling stations. Not all the CNG 
and LNG used is RNG; much of the U.S. volume is 
fossil natural gas. The growth of RNG by feedstock is 
shown in Figure 66.


The challenge to increasing RNG use is the 
limited number of NGVs (compared to the total 
vehicle fleet), the comparatively small scale of 
RNG production, and the limited fuel dispensing 
system for CNG and LNG. Specifically, the fleet of 
175,000 NGVs is dwarfed compared to about 276 
million total registered vehicles; there are about 
130 billion gallons of gasoline used each year in the 
U.S. compared to the 360 million gallons of RNG; 
and there are 145,000 gasoline retail outlets in the 
country compared to 1,740 natural gas fueling sites. 
The logistics to deliver RNG to market, however, 
are available since the U.S. natural gas grid delivers 
natural gas nationwide. 


Because of the additional costs of NGVs and fueling 
sites to support them, NGVs have been primarily 
used for high-use urban services such as transit 
buses, shuttle buses, refuse trucks, delivery  
vehicles, etc.  



https://www.edf.org/climate/methane-crucial-opportunity-climate-fight

https://www.eia.gov/dnav/ng/ng_sum_lsum_dcu_nus_a.htm

https://ngvamerica.org/vehicles/
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The NGV fleet could grow rapidly if heavy-duty NGV 
applications become more widely accepted.  


Increasing the total production capacity of RNG 
is challenging because each production site has 
a small production volume relative to the scale of 
other biofuel production facilities. One advantage 
that RNG can have over other biofuels, however, is 
the fact that it uses waste feedstocks that otherwise 
would contribute methane and CO2 emissions if 
left to break down naturally. Methane has 16 times 
the GHG impact as CO2, so use of the feedstock to 
produce RNG has great leverage in reducing the 
carbon intensity of ICEVs.


CONCLUSION: RNG can use the existing 
national natural gas grid to reach markets. 
Growth in RNG use as a transportation 
fuel, however, will be limited to the size 
of the NGV fleet and the availability of 
fuel dispensing system for NGVs.205 Hence, 
the challenges for RNG are growing the 


205   Note that RNG could be used to replace fossil natural gas and reduce GHG emissions anywhere that natural gas is used in the economy, not just for transportation 
purposes. As such, the total potential uses for RNG are not limited to the NGV fleet.


NGV fleet and fueling sites. For customers 
who have elected to purchase an NGV, 
acceptance of RNG versus fossil natural 
gas should be high as there should be no 
noticeable change for the customer. RNG has 
an extremely high leverage on the carbon 
intensity of the ICEV fleet since it can have 
carbon intensities that are very low (even 
negative) due to elimination of methane 
emissions from RNG feedstocks. However, 
prospects for wide-scale adoption to 
displace the existing vehicle fleet are small 
since it is not compatible with the existing 
fueling system and delivery logistics, 
requiring investment in new vehicles and 
fuel delivery in addition to production. Used 
in its existing transportation niche, RNG will 
continue to provide more than 100%  
carbon reduction.


Landfill RNG Agricultural RNG Other RNG


FIGURE 66. U.S. RNG PRODUCTION FOR TRANSPORTATION


Source: Stillwater analysis and Renewable Natural Gas Database, Argonne National Laboratory



https://www.anl.gov/esia/reference/renewable-natural-gas-database





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


152


14.2.2 RENEWABLE PROPANE


RP (also known as biopropane) is a nonfossil 
fuel that is produced from 100% renewable raw 
materials. It must be used in a vehicle dedicated 
to propane fuel or that can receive, store, and use 
propane as an optional fuel. RP is produced as a 
by-product of RD production at about 5% of the 
RD volume and has the same chemical structure 
and physical properties as conventional propane. 
Because it is produced from renewable feedstocks, 
RP has a CI of about 30 g/MJ versus 80 g/MJ for 
fossil propane, which is a carbon reduction of more 
than 60%.206 Only some of the RP being produced 
is captured to be delivered to market because most 
of it is consumed to provide energy and/or produce 
hydrogen at RD production facilities, thus lowering 
the CI of the produced RD and eliminating the need 
for equipment and logistics to transfer the relatively 
small stream of product to market.207 


While much more RP could be captured, segregated, 
and moved to market, propane use in the 
transportation sector is relatively small. There are 
only 60,000 on-road LPG vehicles in the U.S., and 
many are used in fleet applications.208 Since this 
makes up only 0.02% of the 276 million registered 
vehicles in the U.S., major growth of RP will be 
limited by the growth of the LPG-ICEV fleet. If this 
fleet grows, another limit could be the limited 
production of RP since its yield is relatively fixed as 
it is linked to RD production capacity. Logistics will 
have to be developed to facilitate transfer of RP from 
the production facilities to the fuel delivery sites. 
Unlike many other alternative fuels, however, RP can 
utilize the same fueling equipment as conventional 
propane, like household tanks, portable propane 
tanks, etc.


206  Roush Clean Tech / Renewable Propane: The Near-Zero Solution.


207  National Propane Gas Association (NPGA) / The Big Question for Renewable Propane: Can it Scale?.


208  DOE AFDC / Propane Vehicles.


CONCLUSION: RP for use in ICEVs can use 
the existing LPG fueling network, but that 
may be its sole advantage. The challenge 
for additional use is the size of the LPG-ICEV 
fleet; if that grows rapidly the remaining 
challenge is to develop technology and 
production facilities to provide RP volumes 
beyond what is produced at RD plants. For 
customers who have elected to purchase 
an LPG-ICEV, acceptance of RP versus fossil 
propane should be high as there should 
be no noticeable change for the customer. 
Since production as an RD by-product is 
growing rapidly, supplying this niche could 
be accomplished in the next five years—the 
period of time required for infrastructure 
improvements—at a similar low to medium 
cost to produce RD.  However, similar to 
RNG vehicles, increasing scale to displace 
gasoline and diesel vehicles is not practical 
in the long run. 


     



https://www.roushcleantech.com/renewable-propane-the-near-zero-solution/

https://www.npga.org/impact/environment/the-big-question-for-renewable-propane/

https://afdc.energy.gov/vehicles/propane.html
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14.2.3 HIGHER ALCOHOL BLENDS OF 
ETHANOL (E15+ TO E85)


In this section, we discuss ethanol blends of greater 
than 15% (E15). We divide this discussion into two 
sections: high-level blends which include E85 used 
in FFVs, and mid-ethanol blends from 16% to 50%. 
These higher ethanol blends have the potential to 
significantly reduce the amount of carbon emissions 
from gasoline vehicles by displacing a larger portion 
of petroleum gasoline. Unlike lower blends like E10 
and E15, however, these fuels have considerably 
greater obstacles to overcome before achieving 
widespread use. The primary obstacle is that the 
vast majority of existing vehicles are compatible with 
ethanol blends up to E15 but are not compatible 
with higher ethanol blend levels. Higher alcohol 
blends are compatible with the existing ethanol 
production and logistics system, but modifications 
would be required to handle the increased volume. 
The primary challenge for implementation of 
higher alcohol blends is downstream of the logistics 
system, specifically at retail sites where additional 
underground storage tanks, upgraded piping, and 
upgraded dispensers may be required.


E85 and Flexible-Fueled Vehicles


E85, also known as flex fuel, is a bit of a misnomer 
as it does not contain 85% ethanol; it contains 


209   DOE AFDC / E85 (Flex Fuel).


210   Flexible fuel vehicles (FFVs) are defined as cars that are capable of operating on any blend of gasoline and ethanol up to 83%.


51% to 83% ethanol depending on geography and 
season.209 The balance of the fuel is gasoline or 
could be a low-octane hydrocarbon, as the ethanol 
portion has a very high octane rating.  FFVs have 
material compatibility with high alcohol blends and 
can operate on fuels with any level of ethanol up 
to 83%, hence the usage of “flexible” in the name. 
E85 is normally produced in the tanker truck or as 
the tanker truck is loaded and delivered to the retail 
site. The retail site’s tanks and equipment must have 
material compatibility with the high ethanol content. 
At the retail site, the fuel is normally dispensed in 
a dedicated dispenser. At some sites, the ethanol 
portion could be delivered directly, and blender 
pumps—dispensers that draw and blend fuel from 
two tanks—can be used to blend the E85 from the 
ethanol and gasoline on-site.


As of this writing, there are about 21 million FFVs 
in the U.S. which are capable of handling gasoline 
blends up to 83% ethanol (E85). Of the over 
115,000 gas stations in the U.S., only 2.5% (3,900) 
carry flex fuel. This is, in large part, because most 
of the gasoline fueling infrastructure has been 
designed to handle blends of ethanol up to 15% 
but not higher blends. This particular fleet arose 
as automakers were given credits toward meeting 
corporate average fuel efficiency (CAFE) standards 
by FFVs.210 The rules for calculating fuel efficiency 



https://afdc.energy.gov/fuels/ethanol_e85.html
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for FFVs were so favorable211 that automakers 
found FFV production to be an efficient way to 
meet CAFE standards rather than improving the 
fuel efficiency of their entire fleet. Hence, FFV 
production grew dramatically. Eventually the CAFE 
rules were changed such that most FFV production 
was discontinued. Today, about 7% of the over 280 
million registered vehicles in the U.S. can use blends 
up to E85, and only three manufacturers—Chevrolet, 
GMC, and Ford—continue to produce FFVs in limited 
quantities.212 This means that the number of FFVs in 
use has begun to decline, reducing the incentive to 
expand the fueling infrastructure. 


The additional cost of producing an FFV213 is low and 
was reported to be about $200 in 2011.214 Today, 
the costs are likely higher but remain nominal. The 
challenge to E85 use is the cost of adding E85 to 
existing retail sites to make the fuel more widely 
available. In a study by the National Renewable 
Fuel Laboratory215 performed 15 years ago, the 
total average cost was found to be about $20,000 to 
convert existing equipment and $70,000 to install 
new equipment, but some estimates were almost 
twice as high. 


Another challenge is that consumer acceptance of 
E85 has been low, primarily because of the lower 
energy content per gallon, which reduces the 
vehicle’s range,216 and the limited availability of 
E85 fueling sites. Furthermore, most FFV drivers 
are unaware of their vehicle’s capability. While 
manufacturers received CAFE credits for production, 
they and their dealers had no obligation to promote 
consumption of E85. When the CAFE credit was 
changed to be conditional on FFV use of E85, most 
manufacturers ceased production of FFVs. According 
to EIA, about 400 million gallons of E85 were 


211   Energy Institute at HAAS / Automakers Complain, but CAFE Loopholes Make Standards Easier to Meet.


212  Better Fuel for Minnesota / 2021 Flex Fuel Vehicles. 


213   There are also associated costs with certifying the vehicle to meet emissions standards on various levels of ethanol blend. This certification is done on a model-by-
model basis but adds cost.


214   Consumer Reports / Ethanol (E85) fuel alternative. 


215   National Renewable Energy Laboratory (NREL) / Cost of Adding E85 Fueling Capability to Existing Gasoline Stations: NREL Survey and Literature Search.


216  DOE Office of Energy Efficiency & Renewable Energy / Ethanol.


dispensed into the 21 million FFVs in the U.S. last 
year—that’s less than 20 gallons of E85 per FFV  
per year.


CONCLUSION: E85 and FFVs can 
significantly reduce carbon intensity through 
the higher proportion of ethanol. E85 shares 
much of the production and logistics systems 
with conventional E10 gasoline; aside 
from modifying for additional volume, few 
challenges are posed in these areas. There 
are challenges in the fuel dispensing, vehicle 
production, and consumer acceptance 
areas. Retail sites that offer E85 need to be 
expanded significantly at potentially high 
costs. Incentives for FFVs will need to be 
implemented so that a greater proportion of 
vehicles could be classified as FFVs. Lastly, 
consumer awareness and acceptance of 
E85 must be improved such that consumers 
use E85 when available. This may require 
pricing E85 at a discount over gasoline to 
overcome customer concerns. Converting the 
current light-duty fleet to FFVs fueled with 
E85 would require changing incentives for 
automakers, 30 years or more to turn over 
the fleet, a significant expansion of ethanol 
production, and resolution of consumer 
awareness and acceptance issues to enable 
a 45% reduction in carbon emissions. Given 
these challenges, E85 should be viewed as 
one solution in a larger portfolio of options 
for decarbonizing ICEV fuels.



https://energyathaas.wordpress.com/2016/04/11/automakers-complain-but-cafe-loopholes-make-standards-easier-to-meet/

https://www.mnfuels.com/blog/flex-fuel-vehicle/2021-flex-fuel-vehicles

https://www.consumerreports.org/cro/2011/01/the-great-ethanol-debate/index.htm

https://afdc.energy.gov/files/pdfs/42390.pdf

https://www.fueleconomy.gov/feg/ethanol.shtml
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Intermediate Alcohol Blends


Intermediate alcohol blends—E25, E30, E40217— have 
been investigated as fuels to increase the renewable 
content of gasoline, similar to E85. Unlike E85 and 
FFVs, however, these mid-alcohol blends would 
produce higher octane fuels that potentially could 
improve mpg in higher compression ICEVs. These 
intermediate alcohol blends would face the same 
challenges as E85, with the additional challenge of 
developing and growing a new ICEV fleet. Although 
an intermediate ethanol blend could improve 
mpg, the addition of a new fuel and a new ICEV 
technology to the marketplace would make the fuel 
dispensing and vehicle landscape more complex. 
An intermediate ethanol blend would probably not 
provide the carbon reduction of E85 used in an FFV 
since E85 has a much higher content of  
renewable ethanol. 


CONCLUSION: It is difficult to envision 
an intermediate ethanol blend as a viable 
alternative to the established E85 and FFV 
fuel-vehicle combination to reduce carbon 
emissions from ICEVs.   


 
14.2.4 HIGHER BLENDS OF  
B IODIESEL (B20+)


BD is an established low-carbon fuel for use in 
diesel ICEVs—with blends of 5% or up to 20% as 
described above. Higher blend levels of BD could 
further reduce the carbon emissions from diesel 
ICEVs, but there are some significant hurdles to 
overcome, including the development of an ASTM 
fuel specification standard for higher blends of 
BD. Most existing diesel vehicles have material 
compatibility issues at concentrations over 20%, and 
in some cases even at 5%, based on manufacturer 


217   DOE AFDC / Ethanol Blends.


218   DOE AFDC / Biodiesel Blends.


representations. In some vehicles, BD-compatible 
material for certain parts (such as hoses and gaskets) 
have allowed B100 to be used in some engines 
built since 1994. In higher BD blends, the poor cold 
flow properties associated with BD are intensified, 
presenting a challenge for the current fleet.


There are additional challenges for the usage of high 
BD blends, as B100 has a solvent effect. On initial 
use, it can clean a vehicle’s fuel system and release 
deposits accumulated from petroleum diesel use. 
The release of these deposits may initially clog filters 
and require frequent filter replacement in the first 
few tanks of high-level blends.218


On the plus side, the existing production and 
logistics and a portion of the fuel dispensing systems 
may be compatible with higher level BD blends.


CONCLUSION: BD can utilize existing 
production capacity, logistics, and 
fuel dispensing systems to increase its 
concentration in diesel fuel to higher level 
blends, thus lowering the carbon intensity of 
diesel fuel. There may be some challenges in 
material compatibility of the existing vehicle 
fleet; resolving this will likely require future 
vehicle production to be manufactured for 
compatibility with higher BD blends.  This 
would mean that it would take 30 years 
or more to turn over the existing fleet to 
achieve a 40-60% reduction in carbon 
emissions. Like B5 and B20, the most 
prevalent challenge for BD is RD, which 
uses the same limited feedstocks as BD 
but produces a product without the same 
limitations. 



https://afdc.energy.gov/fuels/ethanol_blends.html

https://afdc.energy.gov/fuels/biodiesel_blends.html
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FIGURE 67. CELLULOSIC BIOFUEL AND NON-CELLULOSIC RENEWABLE FUELS UNDER THE RFS 


14.3 POTENTIAL DROP-IN AND 
ALTERNATIVE FUELS FOR GASOLINE 
AND DIESEL ICEVs AND ICE-AFVs 
In this section, we discuss the renewable and low-
carbon ICEV fuels which are still in various stages 
of development and are not yet commercialized. 
Implementation of these fuels may not require a 
change to the fuel logistics, fuel delivery, or vehicle 
technology if they are drop-in fuels. If the fuels are 
not compatible with existing logistics, fuel delivery, 
and current vehicle technology, however, changes 
will be required to use these fuels. The potential 
future low-carbon fuels discussed in this section do 
not require feedstocks that are also part of the food 
supply. As such, these fuels avoid the food versus 
fuel debate altogether.  


14.3.1 CELLULOSIC FUELS


Cellulosic fuels are derived from cellulosic 
feedstocks that are nonfood based and include crop 
residues, wood residues and biomass, dedicated 
energy crops, and industrial and other wastes. These 
feedstocks are composed of cellulose, hemicellulose, 


and lignin that are converted to fuels. The RFS, 
as expanded by the Energy Independence and 
Security Act of 2007 (EISA), set high expectations for 
the development of a cellulosic fuels industry as a 
replacement for petroleum fuels. Figure 67 illustrates 
the RFS targets for cellulosic fuels and non-cellulosic 
fuels under the RFS. 


Only about 4% of the volume of cellulosic fuels 
called for under the RFS in 2022 was produced. Of 
that volume, more than 99.7% was in the form of 
RNG. The inability to meet the RFS cellulosic targets 
illustrates the major challenge to cellulosic fuels, 
breaking down cellulose into sugars or organic 
molecules that can be converted to ethanol or 
converted to other fuels. The primary obstacle 
has been economics, as costly enzymes and/or 
chemicals are required to break down the cellulose, 
making it uneconomical to produce these fuels with 
the current level of RFS incentive and the $1.01/
gallon cellulosic biofuels production tax credit. 
Overcoming the challenges of this step is the key to 
widespread production of cellulosic biofuels outside 
of pyrolysis or FT production.


Source: Stillwater analysis and Title II, Subtitle A, Energy Independence and Security Act of 2007, PL 110-140, December 19, 2007



https://www.congress.gov/110/plaws/publ140/PLAW-110publ140.pdf
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Cellulosic Ethanol


Cellulosic ethanol is currently being produced 
in limited quantities in ethanol plants. Cellulase 
enzymes are used to convert the cellulose in the 
kernel fiber to sugars that are then fermented to 
ethanol. According to the life cycle analysis report 
submitted as part of the LCFS Tier 2 pathway 
application for POET Biorefining – Big Stone:


  Kernel fiber represents the most readily accessible 
cellulosic biofuel feedstock and holds the 
potential to provide over 1.8 billion gallons of 
cellulosic ethanol annually. Because the kernel 
fiber is a feedstock that is already being delivered 
commensurate with starch to the existing grain 
biofuel production facilities, kernel fiber ethanol 
production also represents the fastest route to 
commercialization for cellulosic biofuels.219


The volume of cellulosic ethanol potentially 
produced via this route is significant—1.8 billion 
gallons of ethanol represents about 10% of the 
current U.S. ethanol production capacity. Conversion 
of kernel fiber has advantages over other cellulosic 
ethanol routes as the feedstock is already at the 
ethanol production facility, synergistically shares 
utilities, and utilizes the same equipment as corn 
starch ethanol.


CONCLUSION: The challenge to expanding 
the volume of cellulosic ethanol so that 
it could be used to reduce the carbon 
intensity of ethanol blended into gasoline 
is the development of economically viable 
production from other cellulosic feedstocks. 
Despite the significant incentives provided 
by the RFS and LCFS, these have been slow 
to develop. The true obstacle for cellulosic 
ethanol is cost, and developing technologies 
that are competitive could take 30 years 
or more. If this economic obstacle could be 
overcome, however, cellulosic ethanol could 


219   POET Biorefining – Big Stone / Low Carbon Fuel Standard Tier 2 Pathway Application No. B0174.


replace  or supplement starch-based ethanol 
as a lower carbon fuel in the gasoline pool 
or to supply E85 to FFVs. The challenges 
to blends above E10 were discussed in the 
sections covering E15, intermediate ethanol 
blends, and E85. 
 
 
 
 
 
 
 
 
 
 
 
 


Cellulosic Diesel


Cellulosic diesel could be produced in several ways, 
including via pyrolysis or FT or in a process similar 
to the production of cellulosic ethanol, which adds 
further processing to form hydrocarbon molecules 
in the diesel fuel range. This cellulosic diesel route 
has not developed because of the high costs of the 
conversion processes. The challenges to cellulosic 
diesel are the same as those faced by cellulosic 
ethanol. The advantages are the same as RD since 
the fuel is compatible at all blend levels.


CONCLUSION: Cellulosic diesel has great 
potential to reduce the carbon intensity 
of ICEV fuels. The primary challenge is 
development of the processes that can 
produce cellulosic diesel economically. If that 
happens, the production is easily compatible 
with the current logistics, fuel delivery, 
and ICEV technology, resulting in reduced 
carbon intensity. However, developing this 
technology could take 30 years or more.



https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/fuelpathways/comments/tier2/b0174_cover.pdf
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14.3.2 REPURPOSING REFINERIES FOR 
RENEWABLES PRODUCTION


We discussed the carbon intensity of petroleum 
fuels above relative to the carbon intensity of the 
crude delivered to refineries. In the GREET model, 
29% and 17% of life cycle carbon emissions for 
gasoline and diesel, respectively, are from crude oil 
production and delivery, the refining process, and 
product delivery; the rest is from tailpipe emissions. 
The refining process itself contributes a relatively 
small portion to the product’s carbon emissions, 
but refineries could produce a lower carbon fuel if a 
renewable feedstock were used. With a renewable 
feedstock, the carbon intensity of the fuel would be 
dependent on the carbon intensity of the feedstock.


Refining technology and equipment are very similar 
to that used in the production of renewable fuels. 
Many existing or planned RD facilities repurpose 
hydrotreating and hydrocracking units within 
petroleum refineries. These RD operations use the 
same fats, oils, and grease feedstocks that stand-
alone RD and BD facilities use. One advantage of an 
existing refinery is that it would have the infrastructure 
required to support a renewable fuels operation: 
tankage, receiving facilities, product delivery facilities, 
pipeline connections, utilities, and such.


Using existing refineries would be a logical way 
to convert the material produced by pyrolysis or 
other renewable conversion process that does not 
produce a finished fuel suitable for direct use into 
a final product. In this way, a repurposed refinery 
would become the finishing step, using its cracking 
and upgrading processes in the renewable fuel 
chain and reducing the cost of implementing the 
supply of renewable fuel to the market. While 
this is happening for RD production, it has not 
yet happened for FT, pyrolysis, or cellulosic fuels 
because the costs of these technologies are still too 
high to allow the production of the intermediates 
that can be processed in refineries.  However, if 


220   U.S. Department of Agriculture Biomass Pyrolysis Research at the Eastern Regional Research Center / What is Pyrolysis?.


production technology breakthroughs lower the costs 
of these fuel components, existing refineries have 
equipment that could efficiently produce the finished 
products that could be used to power the existing 
fleet of ICEVs.   


CONCLUSION: Refineries can be great 
assets to convert low-carbon renewable 
liquid feedstocks that are produced by 
primary renewable conversion processes. 
Once the low-carbon feedstock production 
is established, repurposing of refineries to 
low-carbon ICEV fuel production could occur 
within a short time of between 5 and 10 
years, depending on how closely the low-
carbon feedstock aligns with current  
refinery streams.  


14.3.3 PYROLYSIS FUELS (GASOLINE,  
DIESEL,  PROPANE, AND METHANE) 
There are two primary routes for producing trans-
portation fuels from biomass and waste: pyrolysis 
and gasification. Each is discussed separately as the 
differences in production present different challenges 
to commercialization. Feedstock challenges are 
similar for the two routes. Gasification (BTL) was 
discussed above; this section covers pyrolysis.


Pyrolysis fuels can be generated from biomass or 
waste stream feedstocks by heating in the absence 
of oxygen to temperatures that cause the thermo-
decomposition of the feedstock (around 500°C 
and above). Pyrolysis of biomass produces three 
products: liquid bio-oil, solid biochar, and gaseous 
syngas. Under conditions optimized for liquid, bio-oil 
yields of 60-70 wt% can be achieved from a typical 
biomass feedstock, with 15-25 wt% yields of biochar. 
The remaining 10-15 wt% is a syngas mixture of 
carbon dioxide, carbon monoxide, hydrogen, and 
light hydrocarbons.220 Fast pyrolysis has the most 
promise for the pyrolysis-to-fuel pathway as it has 
high liquid yields. 



https://www.ars.usda.gov/northeast-area/wyndmoor-pa/eastern-regional-research-center/docs/biomass-pyrolysis-research-1/what-is-pyrolysis/
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The primary pathway envisioned for pyrolysis 
fuels is for the bio-oil to be upgraded to a bio-
crude or biointermediate that can be processed to 
transportation fuels in existing refineries. To achieve 
this, a major technical challenge with the quality 
and characteristics of bio-oil from pyrolysis must be 
overcome. Pyrolysis bio-oil is a mixture of hundreds 
of oxygenated organic compounds (carboxylic 
acids, ketones, aldehydes, furans, sugars) and 
water that is very different than the hydrocarbons 
and oxygenated compounds found in current 
fuels. Because it is so highly oxygenated, the raw 
bio-oil’s fuel value (energy content) is only 50-70% 
of petroleum fuel’s. Bio-oil is also acidic (pH 2-3), 
unstable, and corrosive, which presents challenges 
in subsequent processing as well as transportation, 
piping, and storage.221


Bio-oil's composition and acidity are major 
challenges to producing a stable and upgradable 
version that can be processed further into 
transportation fuels. Development of a stabilization 
technology to assist in producing an upgradable bio-
oil has been a major challenge to commercialization 
of pyrolysis as a renewable fuel pathway.222 Usually 
the technology for this first step involves the 
addition of hydrogen. 


If commercial stabilization technology can be 
established and sufficient pyrolysis and stabilization 
technology capacity is installed, pyrolysis might 
become a major supply source of feedstock for 
existing refineries, reducing the carbon intensity 
of the fuels they produce. If biocrude and 
biointermediate can fully replace crude oil, then 
existing petroleum refineries would be able to 
produce renewable fuels. With this pathway, the 
low-carbon products would be nearly identical to 
today’s conventional fuel and should be true drop-
in fuels. As such, pyrolysis fuels are compatible 
with the current logistics, fuel delivery, and vehicle 


221  These comments are general as exact chemical composition of bio-oil and its properties are dependent on the pyrolysis feedstock and the pyrolysis conditions.


222  Biofuels Digest / The Pyromaniax, Class of 2015: The Top 10 Pyrolysis projects in renewable fuels.


223  Note that pyrolysis of waste plastics would not qualify for RINs under the RFS under the current law.


technology. Because the switch from petroleum 
fuels to pyrolysis can be done without changes 
downstream of fuel production, consumer 
acceptance should be high.   


There is much current interest in pyrolysis as a 
means to recycle waste plastics. Pyrolysis of plastics 
is nearly identical to pyrolysis of biomass, but the 
resulting liquid product has fewer undesirable 
characteristics since the feedstock contains less 
oxygenated material. Thus, the liquid is easier to 
stabilize to a product suitable for refinery processing. 
Depending on how the life cycle  of the feedstock is 
determined, fuels from pyrolysis of plastics might 
be considered a low-carbon fuel.223 The same 
characteristics downstream of the production facility 
would apply.


There are a few small-scale pyrolysis production 
facilities operating with renewable feedstocks. 
These facilities often produce a bio-oil that is used in 
electricity production or heating. Two such facilities 
are Ensyn in Canada and Empyro in the Netherlands.


CONCLUSION: Pyrolysis holds promise to 
convert renewable or waste feedstocks into 
liquids that can be further upgraded to low-
carbon gasoline and diesel for use in ICEVs. 
To date, however, this has not been done 
at scale, perhaps reflecting that economics 
are not favorable. If these processes become 
economical, and true drop-in fuels are 
produced either directly from the biofuels 
facility or indirectly through a repurposed 
petroleum refinery, the production can easily 
fit within the current logistics, fuel delivery, 
and ICEV system, resulting in reduced  
carbon intensity.


 



https://www.biofuelsdigest.com/bdigest/2015/08/03/the-pyromaniax-class-of-2015-the-top-10-pyrolysis-projects-in-renewable-fuels/
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14.3.4 FT DIESEL (BTL )


As discussed above, fuels can be produced via FT 
synthesis from many feedstocks. The technology 
can also be used to convert agricultural residues, 
wood waste, and municipal solid waste (MSW) into 
fuels, primarily diesel. As a drop-in fuel like RD, FT 
diesel has the potential to substantially decarbonize 
the difficult-to-electrify heavy-duty fleet. The fuel 
would use existing fuel supply logistics, existing 
fuel delivery, and current vehicle technology; be 
readily acceptable to the public; and have the major 
advantage of a potentially enormous supply of 
feedstocks if conversion of the waste feedstocks 
could be done economically. 


The primary difference between biomass-to-liquid 
(BTL) and gas-to-liquid (GTL) or coal-to-liquid (CTL) 
production of FT diesel is the feedstock and syngas 
production technology. There are two routes to low-
CI FT diesel: the primary method is from biomass 
and the second is from RNG. 


FT diesel from RNG is essentially GTL producing a 
low-carbon product. This pathway has two primary 
challenges. The first is that its feedstock (RNG) is 
already a low-carbon ICEV fuel, and the energy loss 
in the conversion to a liquid diesel greatly favors 
using the feedstock itself to fuel vehicles.224 


224   Ultimately, RNG usage as a transport fuel is limited by the population of NGVs. With that market in the U.S. nearing RNG saturation, there is potential opportunity for 
RNG to spill over into competing RNG uses.


225   Fulcrum BioEnergy / Fulcrum BioEnergy Successfully Starts Operations of its Sierra BioFuels Plant.


Secondly, to achieve scale for a GTL plant, large 
quantities of feedstock are required, as it takes 
approximately 10,000 standard cubic feet of RNG to 
produce one barrel of FT diesel. 


The first step in the BTL process—biomass partial 
oxidation or pyrolysis gasification—produces syngas 
for the FT reaction step. This is virtually identical to 
the third step in the processes for GTL or CTL. This 
gasification step is where either oxygen is used to 
partially combust the feedstock at high temperatures 
(~1100°C) or external heat is used to decompose 
the feedstock into primarily carbon monoxide and 
hydrogen. Other products are carbon dioxide, ash, 
oils, and tars. 


The primary technical challenges for BTL diesel 
are dealing with the by-product tars and oils  and 
the high capital cost per unit of production for the 
syngas production and FT synthesis. A secondary 
challenge, especially using MSW as a feedstock, is 
the wide range of potential contaminants and its 
inherent variability.


The firm which has achieved the greatest progress 
to date towards commercial operation is Fulcrum 
Bioenergy, which recently achieved commercial 
operation of the gasifier unit at their Sierra BioFuels 
Plant in Reno, Nevada, utilizing MSW feedstocks.225 
While this is an essential milestone, this is only the 
first step in the process as they will also need to 
achieve commercial operation on their FT process 
unit (which converts syngas from the gasifier to  
FT syncrude) and upgrading units (which convert the 
FT syncrude to salable products) in order to produce 
diesel fuel. The plant is rated for 11 million gallons 
of renewable, low-carbon transportation fuels 
annually.


If Fulcrum or other firms developing this technology 
are successful at achieving reliable commercial 
and profitable operations at an acceptable cost 



https://www.fulcrum-bioenergy.com/news-resources/sierra-successful-operations-2
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and scale, the potential production of BTL diesel 
will be well beyond BD and RD potential given the 
constraints on the supply of fats, oils, and greases 
for feedstock, which are expected to limit growth of 
BD and RD. Incentives provided by the RFS, IRA, and 
LCFS programs will play a significant role in bridging 
the cost spread between BTL diesel and petroleum 
diesel. As BTL diesel has the potential to be a truly 
drop-in fuel which can be used in blends of up to 
100%, it will be possible to displace a very large 
fraction of petroleum diesel demand over the time 
required as production capacity grows. 


CONCLUSION: FT diesel produced from 
biomass (BTL) holds promise to convert 
renewable feedstocks into liquids that 
can be further upgraded to low-carbon 
gasoline and diesel for use in ICEVs. If the 
BTL process becomes economical, the drop-
in fuels that are produced, either directly 
from the biofuels facility or indirectly 
through a repurposed refinery, can easily 
fit within the current logistics, fuel delivery, 
and ICEV technology, resulting in reduced 
carbon intensity. Since the technology is 
not yet economical, the costs are very high 
and the time required to both develop and 
implement is unknown but will be quite 
long. Potential carbon reductions could 
also vary significantly depending on the 
technology and feedstocks used. Fuels 
produced from most biomass would likely 
reduce carbon emissions by  
25-75%, but fuels produced from RNG 
would likely reduce carbon by more  
than 100%. 


226   HIF Global / Haru Oni Demonstration Plant.


227   Automotive Logistics / Porsche Haru Oni synthetic fuel plant begins production.


228   HIF Global.


229   Siemens Energy / Haru Oni: Base camp of the future.


14.3.5 E -FUELS (GASOLINE, DIESEL, 
PROPANE, AND METHANE)


E-fuels are synthetic fuels produced from renewable 
energy instead of renewable feedstocks. The 
potential for e-fuels is limited by the ability to 
generate renewable energy and use it in the 
production of fuels. The production and use of 
e-fuels somewhat mimics the carbon cycle, as e-fuels 
are synthetically produced from CO2 (preferably from 
DAC) and hydrogen from water using renewable 
energy, and the use of the e-fuel returns the CO2 
and water to the environment. Because the energy 
is renewably sourced and the CO2 is removed from 
the atmosphere (or from a CO2 emitting source), the 
resulting fuel’s carbon intensity is very low— as low 
as zero if the energy used is generated from solar, 
wind, nuclear, or hydro. Depending on the specific 
fuel products synthesized, e-fuels can be drop-in 
fuels or may be fuels that require specific logistics, 
fuel delivery, and vehicle technology. 


One e-fuel production facility has recently begun 
operation in Chile. Located in Punta Arenas, the 
plant uses wind-generated electricity as its energy 
input and DAC for CO2. The Haru Oni project is the 
world’s first integrated, commercial, industrial-
scale plant for making synthetic climate-neutral 
fuels.226,227,228,229 It was developed by HIF with 
technology and engineering support from various 
providers, including cofounder and product offtaker 
Porsche. The plant includes a 3.4 MW wind turbine 
that generates the power for a proton exchange 
membrane (PEM) electrolysis unit to produce 
hydrogen from water and a dry amine solid state 
sorbent to capture CO2 from the air. The CO2 and 
hydrogen are converted to methanol in a synthesis 
reactor, and the final step is conversion of the 
methanol via the methanol-to-gasoline process. 
In all, the power generated by the wind turbine 



https://hifglobal.com/location/haru-oni/

https://www.automotivelogistics.media/news/porsche-haru-oni-synthetic-fuel-plant-begins-production/43781.article

https://haruoni.com/#/en

https://www.siemens-energy.com/global/en/news/magazine/2022/haru-oni.html
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is converted to 750,000 liters (195,000 gallons) of 
methanol per year, part of which is converted to 
130,000 liters (34,000 gallons) of synthetic gasoline 
per year via a methanol-to-gasoline (MTG) process. 
With this production scheme, the gasoline produced 
is a drop-in fuel which can utilize existing logistics, 
fuel dispensing systems, and current vehicle 
technology. The fuel would also be carbon neutral.


The process sequence used at Haru Oni is one of 
several that are conceptually possible for producing 
e-fuels. Other process sequences that might be used 
to produce e-fuels have a similar front end; that is, 
production of renewable power and capture of CO2 
via DAC or from an emitting source. At this point, 
some potential e-fuel routes are:


1. E-gasoline via conversion of CO2 and hydrogen 
produced from electrolysis of water to 
methanol and conversion of the methanol to 
gasoline via the MTG process.


2. FT diesel via conversion of CO2 to carbon 
monoxide via a reverse water-gas shift reaction, 
combining with hydrogen from electrolysis of 
water, and then to a FT reactor and product 
finishing unit to produce e-FT diesel.


3. RNG via hydrogenation of the CO2 with 
hydrogen produced through electrolysis of 
water. This will produce a carbon-neutral RNG 
that can be used in NGVs. 


4. E-gasoline and e-diesel via conversion of CO2 
and hydrogen to ethylene and polymerization 
of the ethylene to gasoline or diesel.


5. E-ethanol via conversion of CO2 and hydrogen 
to ethylene and hydration of the ethylene with 
water to form e-ethanol.


Note that each of these e-fuel routes generates 
building-block carbon containing molecules (CO, 
methanol, ethylene) as a process step that is further 


processed to produce the higher carbon molecules 
that comprise the fuels. Since it is possible to 
produce almost any carbon-containing building-
block molecule with power and CO2, there are 
probably other possible e-fuel routes in addition to 
those listed.


There are challenges to e-fuels in both the 
technological and economic dimensions. For the 
technology, moving from the concept stage to 
the actual production stage is just in its infancy. 
Production of e-fuels will need to achieve sustained 
and safe operation producing on-specification 
e-fuels. The steps involved with e-fuels are, for the 
most part, proven at commercial scale, but some 
steps (such as FT and MTG) are not widely practiced. 
The probable major challenge that e-fuels must 
surmount is the economic one—either high capital 
costs or low-margin economics. The low-margin 
economics are enhanced by current subsidies and 
may be further enhanced by additional subsidies. 
An additional challenge may be the efficiency of 
converting renewable power to liquid fuels since 
the prime energy feedstock that is used, renewable 
energy, will also be in demand to decarbonize the 
electricity grid.


CONCLUSION: As e-fuels are just in 
their infancy and there are multiple 
pathways, each with different challenges 
and economics (and variable future 
subsidies), the assessment of e-fuels can 
only be conceptual at this time. Perhaps 
in several years a clearer picture will 
evolve. Notwithstanding this uncertainty 
in concept, e-fuels present an almost ideal 
way to decarbonize the ICEV fleet, as e-fuels 
are carbon neutral while also compatible 
with logistics, fuel delivery, and vehicle 
technology. E-fuels are valuable in the 
transition as they can be used as a drop-in 
fuel along with all the other liquid drop-in 
fuels previously discussed. 
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14.3.6 HYDROGEN 
Hydrogen for ICEVs would be available from the 
same sources used for fuel cell electric vehicles 
(FCEVs). The hydrogen for FCEV is envisioned to be 
from electrolysis of water using renewable power. 
Carbon-negative, as determined by CARB in the LCFS 
program, transportation hydrogen is currently being 
produced in California. Hydrogen-fueled ICEVs would 
use the same production, logistics, and fueling 
infrastructure as hydrogen supplied to FCEVs.


Hydrogen ICEVs would require engine modifications 
to operate on hydrogen, and the vehicle will need to 
have a fuel receiving and storage system designed for 
hydrogen. The hydrogen ICEV is a slightly modified 
version of the traditional gasoline ICEV. These 
hydrogen engines burn fuel in the same manner 
that gasoline engines do; the main difference is the 
exhaust product. Gasoline combustion results in 


emissions of mostly carbon dioxide and water, while 
the main exhaust product of hydrogen combustion is 
water vapor. 


The biggest challenge to hydrogen ICEVs may be 
the perception that they are not as environmentally 
friendly as other other types of ZEVs. The other 
challenge is that using hydrogen as an ICEV fuel 
requires a vehicle designed for hydrogen, and the 
range of such vehicles may be small since the space 
required to store liquid hydrogen is much greater 
than that for gasoline. 


CONCLUSION: Although hydrogen 
ICEVs are viable and can share the same 
production, logistics, and fuel delivery 
systems as FCEVs, the most probable 
continued vehicular use of hydrogen will  
be FCEVs.
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The transportation carbon emissions from ICEVs 
might be reduced in four primary ways: 


1. Use lower carbon fuels as discussed in the 
sections above,


2. Improve vehicle fuel efficiency, 


3. Reduce use of vehicles, and


4. Capture CO2 from vehicle exhaust.


Of these four methods, the last two are not included 
as part of this analysis since reducing use of vehicles 
is not a technical issue but a social engineering 
one, and capturing CO2 onboard the vehicle is a 
nonstarter.230 In this section, we discuss efforts and 


230   Adding the equipment to each vehicle to capture and store CO2 from the tailpipe and recover for sequestering or use would be very costly and much less economic that 
other ways of CO2 capture. Vehicle technology challenges include the fact that the CO2 would add a significant amount of weight compared to the gasoline used; per EIA, 
a gallon of gasoline produces 19.37 pounds of CO2 compared to gasoline which produces about 6 pounds per gallon. In addition, CO2 would need to be stored as a liquid, 
requiring compression, liquification, and pressurized storage onboard the vehicle; this increases the weight and complexity of the vehicle. This mode of CO2 capture would 
be far less cost effective than capture from other CO2 emission sources or from direct air capture. 


231   DOE Office of Energy Efficiency & Renewable Energy / FuelEconomy.gov.


methods to improve the efficiency of ICEVs that 
result in improved fuel economy, thus reducing  
transportation carbon emissions without reducing 
usage (at constant fuel carbon intensity).


15.1 IMPROVED FUEL ECONOMY


Improving fuel efficiency has historically been the 
most significant way to reduce carbon emissions 
from gasoline- and diesel-powered vehicles. 
EPA rates average mpg for all new vehicles using 
predetermined driving conditions to provide 
consumers with reasonable estimates of how much 
fuel will be required for everyday service.231 This 
rating is an estimate of the combined impacts of 
engine efficiency, vehicle weight, use of hybrid 
technology, and recovering energy from braking 
using hybrid technology.   


Options for ICEV 
Improvements
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Historical improvement in average fuel economy of light-duty vehicles has been over 70% in the last 50 years, 
as shown in Figure 68 below. Efficiency advancements have enabled this improvement despite the large 
growth in average vehicle weight (due in part to more and larger light-duty trucks in the vehicle population).     


Figure 69 below shows the simultaneous increases in mpg, engine horsepower, and vehicle weight in the U.S. 
between 1975 and 2021.  
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Source: The 2022 EPA Automotive Trends Report
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FIGURE 69. LIGHT-DUTY VEHICLE FUEL ECONOMY, HORSEPOWER, AND WEIGHT CHANGES OVER TIME



https://www.epa.gov/system/files/documents/2022-12/420s22001.pdf

https://www.epa.gov/system/files/documents/2022-12/420s22001.pdf
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These improvements are forecasted to continue. In its 2022 AEO Reference Case, EIA forecasts continuing 
improvements in light-duty vehicle fuel economies, as shown in Table 15 below. 232  
 
 
5 
 
 
 
 
 
 
 
 
 
Similar approaches can be used to improve the fuel economy of diesel-fueled ICEVs, which are the 
primary type of heavy-duty vehicles: improving engine efficiency, lowering vehicle weight, and recovering 
energy from braking using hybrid technology. By design, diesel engines are more efficient than gasoline 
engines because they operate at much higher compression ratios. Modern turbo-diesel engines also use 
electronically controlled common-rail fuel injection as well as other techniques to increase efficiency. 
Engines in large diesel trucks, buses, and newer diesel cars can achieve peak efficiencies around 45%, but 
the maximum efficiency of the current engine technology could be increased to about 60% if cost were not a 
constraint.233 This could potentially increase commercial vehicle fuel economy by over 40%, or nearly double 
the fuel economy of passenger vehicles. Commercially achievable engine efficiencies are constrained not only 
by basic chemistry and physics but also by factors such as cost, consumer driving needs and comfort, need 
for reliability and durability, and environmental regulations. Practical efficiencies will depend heavily on the 
targeted transportation sector since fuel use has the largest impact on commercial truck operating cost.


232   Because EVs do not use fuel, their fuel economy is represented as miles per gallon equivalent (MPGe). This is similar to MPG but represents the number of miles the 
vehicle can go using a quantity of fuel with the same energy content as a gallon of gasoline. One gallon of gasoline has the energy equivalent of 33.7 kWh of electricity.


233  Caton, Jerald A. / Maximum efficiencies for internal combustion engines: Thermodynamic limitations.


TABLE 15. KEY VEHICLE MODELS USED TO QUANTIFY VEHICLE TECHNOLOGY EMISSION DIFFERENCES 


 2021 MPG (GREET ) 2021 MPG (2022 AEO) 2035 MPG (2022 AEO)


FCEV (mpge) 61.48 52.95 51.62
BEV (mpge) 87.42 95.75 100.04
Gasoline 30.08 35.29 37.03
Gasoline Hybrid 36.47 50.64 52.70


Source: 2022 GREET, 2022 AEO Reference Case Fuel Economy



https://journals.sagepub.com/doi/10.1177/1468087417737700
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Historical diesel engine efficiency gains over time are shown in Figure 70 below.234


 


Since most of the diesel consumed is used to move freight, reducing the weight of the vehicles is necessarily 
a secondary consideration. (Vehicle strength to safely carry heavy loads is the primary consideration.) 
However, hybrid technology is an excellent fit for diesel buses used for mass transit in large cities.  Recovering 
the energy used in braking for buses that frequently stop to pick up passengers has been shown to increase 
fuel efficiency by 45%.235 


234  DOE / Quadrennial Technology Review 2015, Chapter 8: Advancing Clean Transportation and Vehicle Systems and Technologies.


235   The New York Times / As Hybrid Buses Get Cheaper, Cities Fill Their Fleets. 
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https://www.energy.gov/sites/default/files/2015/11/f27/QTR2015-8C-Internal-Combustion-Engines.pdf

https://www.nytimes.com/2009/10/22/automobiles/autospecial2/22BUS.html

https://www.energy.gov/sites/default/files/2015/11/f27/QTR2015-8C-Internal-Combustion-Engines.pdf
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The advancements in efficiency have been reflected in the new-vehicle estimated real-world CO2 emissions 
by model year. Figure 71236 is from EPA’s Highlights of the Automotive Trends Report. It shows the 
improvement in CO2 emissions per mile from the 1975 model year through 2021. 


CONCLUSION: The potential impacts of engine efficiency improvements alone can 
potentially increase passenger vehicle fuel economy by 35% to 50% and commercial vehicle 
fuel economy by 30%, with accompanying carbon emissions reductions. An average of 
more than 16 million passenger vehicles with advanced combustion engines are sold each 
year; they offer tremendous potential to improve the fuel economy of the vehicle fleet as 
less-efficient vehicles are replaced and retired. Fuel economy improvements offer direct cost 
savings to the consumer and do not require any changes to consumer driving behavior or 
limit mobility. The recently revised corporate average fuel economy (CAFE) standards and 
the upcoming more stringent emissions regulations (e.g., EPA Tier 3, CARB LEV III)237 are 
expected to motivate accelerating deployment of engine technologies that will improve 
engine efficiency to increase vehicle fuel economy.


236   EPA / Highlights of the Automotive Trends Report.


237   U.S. Department of Transportation (DOT) National Highway Traffic Safety Administration (NHTSA) / Corporate Average Fuel Economy.
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FIGURE 71. REAL-WORLD CO2 EMISSIONS AND FUEL ECONOMY


Source: Highlights of the Automotive Trends Report | US EPA



https://www.epa.gov/automotive-trends/highlights-automotive-trends-report

https://www.nhtsa.gov/laws-regulations/corporate-average-fuel-economy

https://www.epa.gov/automotive-trends/highlights-automotive-trends-report
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15.1.1 GASOLINE HYBRIDS


Widespread adoption of hybrid technology has 
offered a major improvement to the carbon 
emissions of the ICEV fleet in the U.S. Hybrid vehicles 
are powered by an ICE engine and one or more 
electric motors which use energy stored in batteries. 
There are two primary types of hybrids:238 


1. Conventional hybrid vehicles (HEVs) – An 
HEV is a type of hybrid vehicle that combines 
a conventional internal combustion engine 
system with an electric propulsion system. 
These vehicles cannot be plugged in to charge 
the battery. The battery is charged by the ICE 
and through regenerative braking. The extra 
power provided by the electric motor can 
potentially allow for a smaller engine, and the 
battery can also power auxiliary loads and 
reduce engine idling when stopped. Together, 
these features result in better fuel economy 
without sacrificing performance.


2. Plug-in hybrid electric vehicle (PHEVs) – 
These vehicles are a sort of crossover between 
an HEV and an EV. Generally, these vehicles 
operate as EVs when their batteries are charged 
by plugging in and they are operating within 
the range provided by their batteries. Once 
they’ve exhausted their batteries' range, 
PHEVs operate as a HEVs. Note: PHEVs can be 
considered EVs when operating strictly on the 
battery charge stored from external power 
sources, but the following comments and 
discussion related to HEVs apply to PHEVs that 
are beyond their range or are operating with 
depleted battery charge.


238  Progressive / What’s the difference between a hybrid and a plug-in hybrid car?. 


239  CarsDirect / Fuel Economy Comparison: Hybrid vs Diesel vs Gas. 


240   The impact of regenerative braking is small during highway driving where braking is limited.


HEVs have a sizable efficiency advantage over 
conventional ICEVs. References indicate that HEVs 
typically get at least 25% better fuel economy than 
their standard ICEV counterparts.239 The primary 
reason for the hybrid’s improved fuel economy is 
regenerative braking during the city driving cycle.240 
Regenerative braking uses the electric motors as 
generators to recharge the batteries during braking. 
In a conventional ICEV, this energy is absorbed by 
the brake pads and dissipated as heat into  
the environment. 



https://www.progressive.com/answers/plug-in-hybrid-vs-hybrid/ 

https://www.progressive.com/answers/plug-in-hybrid-vs-hybrid/#:~:text=Full%20hybrid%20vs.,-plug%2Din%20hybrid&text=In%20a%20plug%2Din%20hybrid%2C%20the%20electric%20battery%20is%20the,areas%20and%20cities%2C%20for%20example. 

https://www.carsdirect.com/car-buying/fuel-economy-comparison-hybrid-vs-diesel-vs-gas

https://www.carsdirect.com/car-buying/fuel-economy-comparison-hybrid-vs-diesel-vs-gas 
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Hybrids have higher initial costs, but this is typically offset by lower operating costs in the first few years.241 
The attractiveness of lower fuel costs and environmental concerns have driven sales of hybrids in recent 
years, as shown in Figure 72242 below, and hybrid technology has been a significant factor in improving fuel 
efficiency and reducing carbon emissions from gasoline ICEVs.


 


15.1.2 DIESEL HYBRIDS


A diesel-electric hybrid is a vehicle that is powered by both a diesel engine and an electric motor. Trains have 
relied on this technology for decades. Production of on-road diesel-electric hybrid vehicles so far has been 
limited to urban transit bus fleets. Urban bus fleets are ideal for this application since regenerative braking’s 
largest contribution to efficiency is in the urban driving cycle with frequent stops and starts. The main 
challenge is that diesel-electric hybrid vehicles are expensive to produce. 


15.1.3 HYBRID IMPROVEMENTS


Gasoline and diesel hybrids can benefit from the same improvements in engine efficiencies discussed earlier 
by incorporating those technologies in their ICE motor. As noted, hybrid technology may offer an efficiency 
advantage over ICEVs only if the hybrid technology is designed to allow the ICEV to operate in its most 
efficient range. 


241   Consumer Reports / Regardless of Gas Prices, Some Hybrids Pay for Themselves Immediately.


242   EIA / Electric vehicles and hybrids surpass 10% of U.S. light-duty vehicle sales.
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FIGURE 72. EV AND HYBRID SHARE OF LIGHT-DUTY VEHICLE SALES


Electric PHEV Hybrid


Source: Wards Intelligence



https://www.consumerreports.org/hybrids-evs/as-gas-prices-rise-hybrids-make-even-more-sense-a1092610835/

https://www.eia.gov/todayinenergy/detail.php?id=51218
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One potential improvement to hybrid vehicles is 
a switch from batteries and motors to a hydraulic 
system called the hydraulic hybrid:  


  The U.S. EPA worked together with various partners 
to develop a unique hybrid, high-efficiency vehicle 
that uses hydraulic fluid to store and provide energy 
to power the car. The technology dramatically 
improves the fuel economy of sport utility vehicles 
and light trucks. The hybrid system uses hydraulic 
pumps and hydraulic storage tanks to store energy 
in the place of electric motors and batteries used 
in electric hybrid vehicles. In laboratory tests 
conducted in partnership with UPS, the hydraulic 
hybrid showed a fuel economy of 60 to 70% over a 
conventional truck engine.243


CONCLUSION: Hybrid vehicles offer a 
major step up in efficiency over conventional 
ICEVs in most driving conditions except 
highway driving. These vehicles are 
compatible with existing fuels and future 
low-carbon versions of these fuels. Adding 
the plug-in feature of the PHEV allows 
a vehicle to use electricity or gasoline/
diesel depending on the range required. 
The disadvantage of hybrid and PHEV 
vehicles is the higher initial cost. Because 
this technology is in place now, is growing 
in popularity, and is compatible with current 
and future fuels, hybrids and PHEVs can 
be a key component to reduce the carbon 
emissions from ICEVs. 


15.1.4 OTHER FUEL ECONOMY 
IMPROVEMENTS


Because of the current regulatory emphasis on ZEVs 
(e.g., EVs and FCEVs), a number of automakers have 


243   EarthEasy / Hybrid Car Outlook and Other Future Technologies.


244   WikiMotors.Com / What is Engine Efficiency?.


245   Motor Authority / 2020 Mazda 3 prototype first drive: Can spark-less engines ignite our passions?.


246   Mazda / SKYACTIV-X: a revolutionary new combustion engine.


247   Road & Track / Nissan Says It’s Working on an Engine With 50-Percent Thermal Efficiency. 


indicated that they are ceasing development of new 
ICE motors. Despite this change in emphasis, some 
automakers are continuing programs to increase the 
efficiency of their ICEV platforms.


Engine efficiency refers to an engine’s ability to 
transform the available energy from its fuel into 
useful work. The modern gasoline combustion 
engine operates at an average of roughly 20-30% 
engine efficiency.244 With the low engine efficiency 
of current gasoline engines, there is opportunity to 
increase that efficiency which would lead to direct 
decreases in carbon emissions. Improvements in 
ICE efficiency enable improvements in fuel economy 
either directly or when employed as the motor in 
hybrid vehicles.


Mazda has introduced a gasoline engine technology 
“that uses the principle of homogeneous charge 
compression ignition, or HCCI, which has been 
a holy grail for engine designers for decades.”245 
Called SKYACTIV-X,246 Mazda’s technology employs 
both spark and compression ignition technology, 
and Mazda claims that the engine improves fuel 
efficiency up to 20-30% over their standard  
gasoline engine.


Nissan is working on an engine with 50% thermal 
efficiency247 that is designed to operate within a 
very narrow range of speed and load. Nissan is 
developing this engine as a generator for hybrid 
vehicle use, where only an electric motor drives the 
wheels, with no mechanical connection between the 
engine and the wheels. The ICE generates energy to 
charge a battery, and that battery powers the motor. 
Nissan was able to achieve 50% thermal efficiency 
in testing by essentially tuning the engine to operate 
within a very specific range of speed and load. 
Because the engine doesn’t drive the wheels, 



https://learn.eartheasy.com/guides/hybrid-car-outlook-and-other-future-technologies/

https://www.wikimotors.org/what-is-engine-efficiency.htm

https://www.motorauthority.com/news/1112526_2020-mazda-3-prototype-first-drive-can-spark-less-engine-ignite-our-passions

https://www.mazda.com/en/innovation/mazda-stories/engineers/skyactiv-x/

https://www.roadandtrack.com/news/a35646974/nissan-50-percent-thermal-efficiency/

https://www.roadandtrack.com/news/a35646974/nissan-50-percent-thermal-efficiency/ 





TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


172


it doesn’t have to work with the wide parameters 
demanded by varying road and driving conditions.


For HDVs, where diesel ICEVs prevail, engine efficiency 
is higher. Compared to gasoline-fueled ICEVs (which 
have an engine efficiency of 20-30%), diesel-fueled 
ICEVs have a higher engine efficiency of 42%.248,249 In 
the past decade, the efficiency of diesel engines has 
increased, advancing from mechanically controlled 
systems with zero sensors to electronically controlled 
engines and aftertreatment systems with 30-plus 
sensors to monitor and control engine operation. 
In the 1980s, fuel injection pressures were in 
the 2000-3000 PSI range, whereas today’s diesel 
engines develop injection pressures in the 30,000-
40,000 PSI range.250 Higher pressures increase the 
fuel atomization and  thus improve combustion 
efficiency.


Another efficiency improvement has been engine 
downspeeding. By reducing engine operating 
speeds, there is reduced internal friction, resulting in 
increased fuel economy and improved fuel 


248   Large low speed two-stroke marine engines used in marine applications have efficiencies up to 55%.


249   Stillwater analysis of California Air Resources Board New Vehicle and Engine Certification Compression-Ignition and Heavy-Duty Engines and Vehicles (2010-2018 
model years). 


250   Fleet Equipment / The advancements of diesel technology.


251   Fleet Equipment / The advancements of diesel technology.


252  The North American Council for Freight Efficiency (NACFE) works to drive the development and adoption of efficiency enhancing, environmentally beneficial, and cost-
effective technologies, services and methodologies in the North American freight industry.


consumption. For instance, with a typical line-haul 
truck operating at normal highway speeds, for each 
100 RPM drop in engine speed, fuel economy is 
improved by approximately 1%.251


In addition to engine efficiency, other improvements 
to HD trucks can greatly improve fuel economy. 
The North American Council for Freight Efficiency 
(NACFE)252 has assembled 86 currently available 
technologies for lowering fuel consumption in 
heavy-duty trucks. These technologies are in seven 
technology groupings: power train, chassis, tires 
and wheels, tractor aero, trailer aero, idle reduction, 
and practices. Data from reporting companies take 
into account the miles per gallon and the percent of 
the available technologies in these groupings that 
are implemented. Figure 73 illustrates the trend of 
mpg for these fleets, the U.S. average as depicted 
by Federal Highway Administration mpg data, the 
percent adoption of the available technologies, 
and the estimated mpg without the available 
technologies.
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FIGURE 73. AVERAGE FLEET-WIDE FUEL ECONOMY OVER TIME


Source:  NACFE, 2022 Annual Fleet Fuel Study, December 2022
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https://ww2.arb.ca.gov/new-vehicle-and-engine-certification-executive-orders-compression-ignition-and-heavy-duty-engines 

https://ww2.arb.ca.gov/new-vehicle-and-engine-certification-executive-orders-compression-ignition-and-heavy-duty-engines 

https://www.fleetequipmentmag.com/advancements-diesel-technology/

https://www.fleetequipmentmag.com/advancements-diesel-technology/

https://nacfe.org/wp-content/uploads/edd/2022/12/AFFS-2022-Executive-Summary-FINAL.pdf
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In the previous sections, we have 
provided a foundational understanding 
of current ICEV fuel production, 
delivery and fueling logistics, and 
vehicle landscape. Building on that 
foundation, we then outlined the 
fuels that have potential to reduce 
the carbon intensity of ICEVs. We also 
discussed each fuel’s potential to 
contribute to a lower carbon ICEV fleet. 
Finally, we offered an overview of the 
potential to improve the fuel efficiency 
of ICEVs.
In this section, we pull together all the information 
from previous four sections in a systematic fashion 
that allows us to rank the options for decarbonizing 
ICEVs using factors we identified as key in the prior 
sections. Since the error bar of knowledge is small 
for current fuels and very large for aspirational fuels, 
only a qualitative ranking can be made. We have 


made this assessment for various combinations 
of vehicles and fuels in an effort to determine 
which pathways are most likely, in our current 
judgment, to prove beneficial in the short and long 
runs. Some fuel options to reduce ICEV carbon 
emissions which are compatible with current 
ICEVs can be implemented in a short (less than 
five-year) timeframe given the proper incentives, 
while others, where technology is established or 
near established, could be available in the mid-
term (5 to 15 years). The longer term (greater than 
15 years) options face significant technological or 
developmental challenges before they could be 
widely commercialized. 


We also note here that different applications have 
different solutions. For example, hybrid technology 
adds enormous value to a city bus with frequent 
stops but much less for a truck doing long-haul 
deliveries. It is also worth noting that electrification 
faces more challenges in the heavy-duty sector than 
in the light-duty sector, so alternative biofueled 
technologies may have a particularly meaningful 
impact in the heavy-duty fleet.


Ranking of Options


TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS
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16.1 METHODOLOGY


For each fuel and technology discussed above, 
we have evaluated technical feasibility, preferred 
options in the short versus long term, consumer 
acceptance, infrastructure and delivery needs, and 
potential cost to reduce emissions. We qualitatively 
assessed these to provide an overall picture of the 
chances of success for various combinations of 
vehicles and fuels.   


We identified the fuels and corresponding ICEV 
technology paired for analysis and judged each of 
them using the following criteria:


• Status/Potential of Fuel Production – Status, 
potential, or requirement to capture the indicated 
carbon-reduction benefits.


• Compatibility with Current Fuel Delivery 
Logistics – Here, we answer the question: Is the 
fuel compatible with current logistics systems 
for delivery to marketplace or is a new logistics 
system required?


• Compatibility with Current Dispensing System 
– Here, we answer the question: Is the fuel 
compatible with current llast-mile fuel-to-vehicle 
delivery systems? If a new fuel dispensing system 
is required, the answer here is “no.”


• Consumer Acceptance – Here, we answer the 
question: Will the fuel, dispensing experience, 
and requisite ICEV be easily accepted by the 
consumer?


• Shortest Time to Full Maturity – This is our 
qualitative assessment of how soon each fuel 
and corresponding vehicle technology could 
realize their potential as a decarbonizing option 
for ICEVs. We have grouped these fuels into 
four categories: current, near-term, mid-term, 
and long-term. Current options are already at 
maturity. Near-term options have potential to be 
fully mature within five years. Mid-term options 
would require at least 5 to 15 years to reach full 
maturity, and long-term options would require 
more than 15 years.


• Relative Unsubsidized Cost of Transition – The 
qualitative cost of transition expressed without 
subsidy. Note that the current low-carbon fuels 
are economical with subsidies (RPS, LCFS, CFPC, 
BTC, etc.) and mandates.  


• Carbon Emissions Reduction versus Current 
Fleet and Fuels – An estimated potential carbon 
emissions reduction of the fuel-vehicle pairing 
compared to the current fleet of ICEV gasoline 
and diesel vehicles fueled with E10 gasoline or 
petroleum diesel.
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16.2 QUALITATIVE COMPARISONS 
OF ALTERNATIVES


Table 16 shows our qualitative analysis of options 
to reduce carbon emissions in the on-road sector as 
described in this report. We begin with the current 
fuels then move to the most common alternatives 
and progress through the potential future fuels being 
developed. Each alternative option is compared to a 
baseline of the current fleet of ICEVs fueled with E10 
gasoline or petroleum diesel.


Given the length of time and investment required 
to convert the on-road fleet to ZEVs, it is both cost-
effective and compelling to do what is possible to 
decarbonize ICEVs in the nearer term as they will be 
on the road for at least the next few decades. Based 
on this study and the comparison of alternatives 
discussed, in this last section we propose a list that 
prioritizes actions to optimize the carbon reduction 
potential of the ICEV fleet based on the parameters 
evaluated. These parameters include potential fleet 
carbon reductions, ease of economic and consumer 
acceptance, technical viability, costs, and timing. 


253  Renewable Diesel (RD) at 100% by volume (R100) can be placed into a vehicle without issue, but the Biomass-Based Diesel Blenders Tax Credit (BTC) requires blending 
of RD with petroleum diesel in order to generate the credit. As such, essentially all RD in the market is blended with at least a small amount of petroleum diesel. 


We have ranked these actions into three tiers in 
order of priority based on these parameters, which 
are designed to maximize carbon reduction of the 
ICE transportation fleet in both the short and long 
term.


The first-tier options in Table 17253 are those 
opportunities that seem obvious based on feasibility 
and relatively low cost-to-benefit ratios. The second-
tier options are opportunities that need more 
time to develop, and the third-tier options require 
a significant breakthrough to become practical 
alternatives. The first four columns of Table 17  
mirror Table 16. The Potential Impact column in  
Table 17 lists our qualitative assessment of the 
possible impact of each option, taking into account 
the portion of the pool that could feasibly be 
satisfied by each fuel-vehicle pairing and the carbon 
reduction achievable. Lastly, all of these options 
require government incentives or initiatives—some 
existing, some modified, and some new—to come 
to fruition. In the Initiatives Required column, we 
identify incentives or market shifts which might help 
each option reach its potential.  







TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


176


TABLE 16. COMPARISON OF ALTERNATIVES TO DECARBONIZE ICEVs 


OPTION


PAIRED 
VEHICLE 
TECH- 


NOLOGY


STATUS/
POTENTIAL 


OF FUEL 
PRODUCTION


COMPATIBLE 
WITH CURRENT 
FUEL DELIVERY 
LOGISTICS?


COMPATIBLE 
WITH 


CURRENT 
FUEL 


DISPENSING 
SYSTEM?


CONSUMER 
ACCEPTANCE


SHORTEST 
TIME 


TO FULL 
MATURITY


RELATIVE 
UNSUBSIDIZED 


COST OF 
TRANSITION


CARBON 
EMISSIONS 
REDUCTION 
VS. CURRENT 
FLEET & FUELS


Current ULSD 
& E10 Gasoline


Current Gas 
ICEV Current Yes Yes Yes Current None base


Reduced CI 
Gasoline & 
Diesel


Current Gas 
ICEVs Current Yes Yes Yes Mid-


Term Low-Med 5-15%


Ethanol (E15) Current Gas 
ICEV 50% ethanol increase Yes, mostly Yes Yes Near-


Term Low 3%


Ethanol (E15)
Plug-in 
Hybrids 
(PHEVs)


50% ethanol increase Yes Yes Yes Mid-
Term Low-Med 20%


Biodiesel (B5) Current Diesel 
ICEV


Requires ~100% 
increase over current 


production
Yes Yes Yes Near-


Term Low-Med <5%


Biodiesel (B20) Current Diesel 
ICEV


Requires ~700% 
increase over current 


production
Yes, mostly Yes


Except 
in colder 
regions


Mid-
Term Med 5-15%


Renewable 
Diesel (R99)


Current Diesel 
ICEV


Requires 20x 
increase over current 


production
Yes Yes Yes Mid-


Term Low-Med 50-70%


Renewable 
Diesel (R99)


Plug-in 
Hybrids 
(PHEVs)


Requires 20x 
increase over current 


production
Yes Yes Yes Mid-


Term Med 55-85%


Renewable 
Gasoline (RG)


Current Gas 
ICEV


Niche fuel, scaling 
challenges w/o 


cellulosic, pyrolysis, 
BTL, or e-fuels 
breakthrough


Yes Yes Yes Mid-
Term Med 50-70%


Renewable 
Natural Gas 
(RNG)


NGV Small No No Risks Near-
Term Med 100+%


Renewable 
Propane (RP) LPG ICEV Small No No Likely Near-


Term Low-Med 60-70%


Ethanol 
(Intermediate 
Blends


Dedicated 
Vehicle


3-4x increase over 
current production Yes No Likely Long-


Term Med 20-30%


Ethanol (E85) FFV 500% ethanol 
increase No Yes Maybe Long-


Term Med 25%


Biodiesel (B20+) Current Diesel 
ICEV 400-2000% increase No No Maybe Long-


Term Med-High 40-60%


Cellulosic 
Ethanol


Current Gas 
ICEVs


Tiny with high 
potential Yes Yes Yes Long-


Term Very High 5-10%


Cellulosic Diesel Current Diesel 
ICEVs


Tiny with high 
potential Yes Yes Yes Long-


Term Very High 60-90%


Pyrolysis Fuels Current Gas & 
Diesel ICEVs


technology not yet 
commercialized; 


sizeable potential
Yes Yes Likely Long-


Term Very High 0-60%


FT Diesel (BTL) Current Diesel 
ICEVs


Tiny with high 
potential Yes Yes Likely Long-


Term Very High 20-100+%


E-Fuels Current Gas & 
Diesel ICEVs


High potential 
technology not yet 


commercialized
Yes Yes Yes Long-


Term Very High? 40-100%


Hydrogen (H2) H2 ICEV FT of RNG No No Challenged Long-
Term Very High 60-100%+


ICEV 
Improvements NA NA Yes Yes Yes Contin- 


uous Low 20-50%







TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


177


254   Renewable Diesel (RD) at 100% by volume (R100) can be placed into a vehicle without issue, but the Biomass-Based Diesel Blenders Tax Credit (BTC) requires blending 
of RD with petroleum diesel in order to generate the credit. As such, essentially all RD in the market is blended with at least a small amount of petroleum diesel.


TABLE 17. TIERED ICEV CARBON-REDUCTION POTENTIAL OF ALTERNATIVE OPTIONS (Table ES-1 in Executive Summary)


IN IT IAT IVES REQUIRED
TIER OPT ION PAIRED VEHICLE 


TECHNOLOGY


CARBON 
REDUCTION 
VS. CURRENT 
FLEET & FUELS 


POTENTIAL 
IMPACT


REGULATORY MARKETPLACE


0 Current ULSD  
& E10 Gasoline


Current Gas ICEV base N/A N/A N/A


1 Biodiesel (B5) Current Diesel ICEV <5% small N/A Increased feedstock generation


1 Ethanol (E15) Current Gas ICEV 3% small Wider EPA approval Infrastructure build-out


1 Renewable 
Gasoline (RG)


Current Gas ICEV 50-70% small Continuation/expansion of existing 
regulatory incentives Scalability of production


1 Renewable 
Natural Gas (RNG)


NGV 100+% small Continuation/expansion of existing 
regulatory incentives


Conversion of vehicles and fueling 
infrastructure


1 Renewable 
Propane (RP)


LPG ICEV 60-70% small Continuation/expansion of existing 
regulatory incentives


Conversion of vehicles and fueling 
infrastructure


1
Reduced CI 
Gasoline & 
Diesel


Current ICEVs 5-15%
small to 
medium


Strengthened regulations on upstream 
flaring and methane emissions; continued 
move to renewable marine fuels; continued 
regulatory incentives for CCUS and use of 
renewable energy at refineries


Refinery investment in CCUS and usage of 
renewable energy


1 Ethanol (E15) Hybrids (HEV & 
PHEV) 20%


small to 
medium


E15 approval and increased incentives for 
hybrid expanded vehicle purchases


Conversion to hybrid vehicle fleet and 
expansion of E15 infrastructure


1 Biodiesel (B20) Current Diesel ICEV 5-15%
small to 
medium


N/A Increased feedstock generation


1 Ethanol (E85) FFV 15-25%
small to 
medium


Increased incentives for FFV production 
and purchase (adjustments to CAFE) 
and potential aftermarket equipment 
certification program for FFV conversions


Fueling infrastructure expansion and 
increased vehicle and fuel availability


1 Renewable 
Diesel (R99)3 


Current Diesel ICEV 50-70% medium Continuation/expansion of existing 
regulatory incentives Increased feedstock generation


1 Renewable 
Diesel (R99)


Hybrids (HEV & 
PHEV) 55-85% medium Increased incentives for hybrid vehicles Conversion to hybrid vehicle fleet and 


increased feedstock generation


2
Ethanol 
(Intermediate 
Blends)


Dedicated Vehicle 5-15% small
New incentives for development of 
dedicated intermediate-ethanol-blend 
vehicle production


Expanded compatible fuel infrastructure


2 Biodiesel (B20+) Current Diesel ICEV 40-60% small Establish ASTM standards
OEM warranty, expanded fueling 
infrastructure, and increased feedstock 
generation


2 ICEV 
Improvements


NA (current fuels) 20-50% medium Technology-neutral testing and CAFE 
standards Broad OEM roll-out


2/3 Hydrogen (H2) H2 ICEV 60-100%+ small Substantial financial incentives


Build-out of hydrogen production 
hubs, expansion of dedicated fueling 
infrastructure, conversion of vehicle fleet 
to H2


3 Cellulosic 
Ethanol (E10)


Current Gas ICEVs 5-10% small Substantial financial incentives for fuel and 
technology development


Technological breakthrough to reduce 
production cost


3 Cellulosic Diesel Current Diesel ICEVs 60-90% medium Substantial financial incentives for fuel and 
technology development


Technological breakthrough to reduce 
production cost


3 FT Diesel (BTL) Current Diesel ICEVs 20-100+% medium Substantial financial incentives for fuel and 
technology development


Technological breakthrough to reduce 
production cost


3 Pyrolysis Fuels Current Gas & Diesel 
ICEVs 0-60% large Substantial financial incentives for fuel and 


technology development
Technological breakthrough to reduce 
production cost


3 E-Fuels Current Gas & Diesel 
ICEVs 40-100% large Substantial financial incentives for fuel and 


technology development
Technological breakthrough to reduce 
production cost
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16.3 CONCLUSION


Decarbonizing the on-road transportation sector 
does not have a one-size-fits-all solution. The 
mounting public policy shift toward ZEVs (i.e., 
PHEVs, EVs, and FCEVs) has much promise to 
decarbonize the sector. However, mandates to 
eliminate ICEVs entirely and in the timeframe 
envisioned for the transition to ZEVs might well 
prove aspirational. ZEV technologies and fueling 
systems face challenges that must be overcome. 
Fuel production, delivery infrastructure, fuel storage 
to address the diurnal cycle, battery material 
availability, fueling site expansion, and vehicle and 
battery production are all significant challenges 
for a full transition to ZEVs. The need to address 
these challenges makes the ZEV solution to carbon 
emissions a long-term one. Since fleet turnover is 
slow, ICEVs will comprise a significant portion of the 
fleet well into the future, and deployment of carbon 
reduction options for ICEVs can provide partial 
solutions in the near and mid-term. 


This study illustrates how carbon emissions from 
the current fleet of ICEVs can be reduced and how 
the future ICEV fleet could have a smaller carbon 
footprint with new renewable fuels production 
and ICEV technologies. Many near-term options for 
reducing the carbon intensity of ICEV fuels will have 
near-term reductions in carbon emissions since 
those ICE fuels will be used in the current fleet of 
ICEVs. As with the development and introduction of 
reformulated gasoline (RFG)255—gasoline specifically 
designed to reduce criteria pollutants when used—
and its acceptance as a fuel,256 which immediately 
reduced emissions across the ICEV fleet, reducing 
the carbon intensity of ICEV fuels today would 
further reduce emissions of the existing fleet that 
uses that fuel.   


255  Los Angeles Times / Arco to Introduce Low-Emission Gas to Replace Leaded Regular on Sept 1.


256  EPA / Gasoline Standards – Reformulated Gasoline.


Just as there are viability and timing uncertainties 
for ZEVs, there are varying degrees of viability and 
timing uncertainties in each of the options for 
decarbonizing ICEVs. Given these uncertainties 
and the fact that some of these alternatives are 
highly aspirational, a portfolio approach to ICEV 
decarbonization is advisable. It is also advisable 
to cast a wide net when it comes to new vehicle 
technologies around which there is also uncertainty, 
especially regarding timing. Such an approach could 
maximize the reductions in on-road transportation 
carbon emissions in both the near and long term. 
A portfolio approach for ICE fuels and future 
vehicle technologies will result in both ICEVs’ (near-
term) and ZEVs’ (longer term) roles in minimizing 
transportation carbon emissions being realized. 


To fully and effectively execute a portfolio approach 
to fleet decarbonization in both the near and long 
term, a comprehensive cost-benefit analysis of all 
options using existing and projected technologies 
and the risks involved should be undertaken. Such 
an analysis would determine the most cost-effective 
way to decarbonize in the shortest timeframe 
practical. This effort should incorporate unbiased 
estimates of costs, timing, degrees of carbon 
reduction, and risks in timing and execution. With 
the results of a cost-benefit analysis available, 
incentives could be aligned with the data to finance 
multiple parallel paths simultaneously in order to 
achieve the most emissions reductions practical over 
the short and long term.



https://www.latimes.com/archives/la-xpm-1989-08-16-fi-662-story.html

https://19january2021snapshot.epa.gov/gasoline-standards/reformulated-gasoline_.html
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APPENDIX A


Next Generation 
Cover Crop 
Feedstocks For 
Biomass-Based 
Diesel
 
PENNYCRESS


Pennycress can yield about 1,500 pounds of seed 
per acre, and this is being improved to reach 2,000 
to 2,200 pounds per acre. It is estimated that with 
these improved yields, CoverCress crop planted  
on half of the rotational hectares in the U.S. Midwest  
corn belt could produce 1.1 billion gallons of oil 
and 7 million metric tons of edible seed meal  


257  CoverCress / Our Story.


258  Markel, Evan, B. C. English, C. Hellwinckel, and R. J. Menard / Potential for Pennycress to Support a Renewable Jet Fuel Industry.


annually. In partnership with Bunge and Chevron, 
CoverCress Inc. (CCI) is going to scale up production 
of CoverCress that Bunge will process at its soybean 
processing plants in Destrehan, Louisiana, and Cairo, 
Illinois.257 Chevron will have the purchase rights for 
the oil to use as a renewable feedstock. CCI plans to 
plant pennycress on 10,000 acres in south-central 
Illinois and portions of Missouri.


There is not yet an established market for 
pennycress, and commercial scale production has 
not yet been established. Cover crop adoption in 
the U.S. has been slow, and cover crops have been 
adopted on only about 4% of cropland acres in 
Illinois, Indiana, and Iowa; farmers are planting 
them on a small number of acres. Whether adoption 
of pennycress as a cover crop and feedstock for 
biomass-based diesel develops will depend on its 
profitability.


As shown in Figure AA-1, a modeling simulation 
conducted by Markel et al.258 using the POLYSYS 
model over the 2016-2039 period showed 
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FIGURE AA-1. AVERAGE ESTIMATED PENNYCRESS AND SAF PRODUCTION (2016-2039)


Source: Markel et al., Potential for Pennycress to Support a Renewable Jet Fuel Industry.
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https://www.covercress.com/our-story.cfm

https://rex.libraries.wsu.edu/esploro/outputs/journalArticle/Potential-for-Pennycress-to-Support-a/99900567701301842

https://www.hendun.org/Journals/EEO/2020-03-27-03-11-51c9qr1pakfl.pdf
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that if pennycress seed received a price of $0.20 per 
pound, it would be profitable enough to encourage 
sufficient feedstock production to produce 800 
million gallons of SAF per year in addition to 
producing RD, naphtha, and LPG as by-products. At 
this price, there would be 22.1 million acres planted 
annually, with a national average yield of 1,193 
pounds per acre. 


Markel et al.259 find that at a price greater than $0.80 
per pound, pennycress production can begin to 
produce substantial supply of SAF. Breakeven price 
of pennycress depends on its yield and is estimated 
to range between $0.06 and $0.12 per pound with 
yields ranging from 800 to 1,600 pounds per acre. 
At $0.20 per pound, the addition of pennycress 
to the corn-soybean rotation is likely to increase 
profitability of corn and soybean production and can 
be expected to increase total harvested crop acreage 
of corn and soybeans by 3% and 5%, respectively, 
over the baseline scenario. This will increase corn 


259   Markel, Evan, B. C. English, C. Hellwinckel, and R. J. Menard / Potential for Pennycress to Support a Renewable Jet Fuel Industry.


260   Alam, Asiful and P. Dwivedi / Modeling site suitability and production potential of carinata-based sustainable jet fuel in the southeastern United States.


and soybean production and reduce prices by 9% 
and 1%, respectively. Despite this, it would increase 
net returns to land. At the $0.20 per pound price of 
pennycress, Markel et al. estimate that 26.3 billion 
pounds of pennycress could be produced and 
converted to 723 million gallons of SAF and 533 
million gallons of other fuels. 


CARINATA


Alam and Dwivedi260 examines the production 
potential of carinata in Georgia, Alabama, and 
Florida based on water storage, soil organic 
carbon, root zone depth, and land availability and 
estimates the portion of U.S. jet fuel demand which 
could be replaced by potential carinata-derived 
fuel. They find that 3.3 million total acres of land 
across Georgia (2.25 million acres), Florida (0.24 
million acres), and Alabama (0.82 million acres) is 
suitable for growing carinata, with 56% of this land 



https://rex.libraries.wsu.edu/esploro/outputs/journalArticle/Potential-for-Pennycress-to-Support-a/99900567701301842 

https://www.sciencedirect.com/science/article/abs/pii/S0959652619326770
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being moderately suitable and 37% being highly 
suitable. The moderately and highly suitable sites 
for carinata in Georgia were located in the southern 
and northern part of the state, respectively. Most 
sites in Alabama that were highly suitable for 
growing carinata were located in the southern 
and northern part of the state, while Florida had a 
range of low suitable sites spread across the state. 
Alam and Dwivedi also find that 2.34 million metric 
tons of carinata could be produced across these 
states at 5% risk level, based on riskiness of frost 
damage and land availability and that 92% of this 
can be potentially sourced from Georgia alone. They 
also estimate that 325 million gallons of carinata-
SAF could be produced from this level of carinata 
production, which could displace 2.4% of total jet 
fuel consumed in the U.S. in 2021. With a 20% risk 
level and assuming a high yield scenario, 2.3% of 
annual jet fuel consumption in the U.S. could be 
displaced by carinata produced in these three states. 
In June 2022, EPA also approved the pathway for 
conversion of carinata to be compliant with the RFS 
for biomass-based diesel.


Alam et al.261 estimate the breakeven price of 
aviation fuel from carinata in the southeastern U.S. 
They find that without including coproduct credits 
or renewable identification number (RIN) credits, 
carinata-based SAF was more expensive than 
conventional aviation fuel. The cost of producing 
carinata-based fuel ranged between $3.20 and 
$4.80 per gallon and was higher than the cost of 


261   Alam, Asiful, M. F. Hossain Masum, and P. Dwivedi / Break-even price and carbon emissions of carinata-based sustainable aviation fuel production in the Southeastern 
United States.


262   Ehrensing, D.T. and S.O. Guy / Camelina.


conventional aviation fuel of $1.90 per gallon. 
After including coproduct credits and RIN credits, 
however, these costs would range between $0.45 
to $2.50 per gallon; this variability in costs was 
driven by variability in the assumed variable costs, 
coproduct credit, and RIN credit. The addition of the 
CFPC could make carinata-based fuel competitive 
with conventional aviation fuel.


CAMELINA


Under dryland conditions (i.e., without irrigation) in 
Montana, camelina is expected to yield 1,800 to 2,000 
pounds of seed per acre (lb/acre) in areas with 16 to 
18 inches of rainfall. Yield is 900 to 1,700 lb/acre with 
13 to 15 inches of rainfall. With irrigation, seed yields 
of 2,400 lb/acre have been reported.262 The cost of 
producing camelina biofuel in Oregon is estimated 
to be $7 per gallon. At a BD wholesale price of $2.50 
per gallon and even after including coproduct credit, 
government subsidies are critical for camelina 
biofuel to break even. The small producer tax 
credit, the Oregon renewable fuels tax credit, and 
the Oregon Business Energy Tax Credit can lead to 
a revenue greater than the cost of producing BD. 
Oregon’s Willamette Valley is estimated to have the 
potential to produce camelina in about 52,520 acres 
and to provide an oil yield of 4.3 million gallons  
a year.



https://onlinelibrary.wiley.com/doi/full/10.1111/gcbb.12888

https://onlinelibrary.wiley.com/doi/full/10.1111/gcbb.12888

https://ir.library.oregonstate.edu/downloads/x633f139q
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APPENDIX B


Cellulosic Biomass 
Feedstocks for 
Biofuels
 
AGRICULTURAL RESIDUES


Agricultural residues for biofuel production come 
mainly from conventional crops, particularly corn 
and wheat, but can also be obtained from barley, 
oats, and sorghum. The yield of the crop residue is 
related to the corresponding grain yield. In the case 
of corn, a grain-to-residue ratio of 1:1 for dry matter 
of crop grain to dry matter of crop residues (with 
15% moisture) is typically assumed. Only a fraction 
of the biomass is harvested to preserve soil organic 
matter and protect soil from wind and water erosion. 
Recommended stover removal rates depend on soil 
characteristics, climate, management  practices 
(tillage), and other factors that determine the loss of 
soil organic matter and runoff. A larger 


263   Lee, Yuanyao, M. Khanna, and L. Chen / Quantifying Uncertainties in Greenhouse Gas Savings and Mitigation Costs with Cellulosic Biofuels (manuscript, under review).


percentage of stover can be removed with no-till 
crop production than with conventional till. Corn 
stover yields are about two metric tons per hectare 
with the highest yields in the Midwest, as shown in  
Figure AB-1.263 


MISCANTHUS AND SWITCHGRASS


Two perennial crops, switchgrass (Panicum 
viragatum) and miscanthus (Miscanthus giganteus), 
have been identified as among the best choices for 
low-input and high dry matter yield per acre in the 
U.S. There has been field research on switchgrass in 
the U.S. since 1991, but research on miscanthus in 
the U.S. wasn’t initiated until 2002 at the University 
of Illinois  Urbana-Champaign. Switchgrass is a 
warm season perennial grass with a stand life of 
10 years or more where production in year one is 
a fraction of the production achieved during the 
remaining production years. There are several 
varieties of switchgrass including the Cave-in-Rock 
cultivar (an upland variety well-suited for the upper 
Midwest) and Alamo and Kenlow (lowland varieties 
most suited for the southern U.S.). Miscanthus is a 
perennial rhizomatous grass; the miscanthus 


FIGURE AB-1. VARIATION IN YIELD ACROSS BIOMASS FEEDSTOCKS AND REGIONS


Lee et al. (in review)[1]


[1] Lee, Yuan-Yao, Madhu Khanna, Luoye Chen, Rui Shi, Jeremy Guest, Elena Blanc-Betes, Chongya Jiang, Kaiyu Guan, Tara Hudiburg and Evan Delucia, 2023 “Quantifying Uncertainties in Greenhouse Gas Savings and Mitigation Costs with Cellulosic Biofuels” manuscript, under review. [1] Lee, Yuan-Yao, Madhu Khanna, Luoye Chen, Rui Shi, Jeremy Guest, Elena Blanc-Betes, Chongya Jiang, Kaiyu Guan, Tara Hudiburg and Evan Delucia, 2023 “Quantifying Uncertainties in Greenhouse Gas Savings and Mitigation Costs with Cellulosic Biofuels” manuscript, under review. 


Source: Lee et al. (in review)



https://experts.illinois.edu/en/datasets/code-and-data-for-quantifying-uncertainties-in-greenhouse-gas-sav
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variety considered for biofuels is the sterile hybrid 
genotype Miscanthus × giganteus. It is non-native to 
the U.S. and has a productive life of about 15 years; it 
has an establishment period of approximately three 
years during which yields are typically lower than 
the maximum. These grasses provide a number of 
ecosystem services, such as high rates of soil carbon 
sequestration and low nutrient runoff.


Recent studies indicate that yields of these perennial 
grasses vary across varieties, location, and age of the 
crop.264 Miscanthus yield is substantially higher than 
that of switchgrass; miscanthus yield increases with 
age until about eight years or so and then declines, 
while switchgrass yields peak at six years of age.265 
Miscanthus is most productive in the Midwest, 
with average yields as high as 20 metric tons per 
hectare while switchgrass is most productive in the 
Southeast, with average yields of about 14 metric 
tons per hectare, as shown in Figure AB-1. 


BIOMASS SORGHUM


Biomass sorghum is a high-yielding annual crop that 
is drought tolerant and can produce more biomass 
in water-limited environments than similar annual 
crops such as corn. It is more productive than corn 
due to a longer growing season and lower sensitivity 
to heat. Its yield is similar to that of miscanthus (16 
to 18 metric tons per hectare), but it requires more 
nitrogen and other inputs than miscanthus and does 
not have the same benefits in terms of soil carbon 
sequestration. 


264   Zhang, Na, B.P. Sharma, and M. Khanna / Determining spatially varying profit-maximizing management practices for miscanthus and switchgrass production in the 
rainfed United States.


265   Zhang, Na, B.P. Sharma, and M. Khanna / Determining spatially varying profit-maximizing management practices for miscanthus and switchgrass production in the 
rainfed United States.


266   Coppicing is a traditional method of woodland management which utilizes the capacity of many species of trees to put out new shoots from their stump or roots if cut 
down. In a coppiced wood, young tree stems are repeatedly cut down to near ground level, resulting in a stool. In theory, coppicing allows for indefinite harvesting of wood 
without the need to replant.


267  Kells, Bradley J. and S. M. Swinton / Profitability of Cellulosic Biomass Production in the Northern Great Lakes Region.


ENERGY CANE


Energy cane is another perennial but with a shorter 
life span than miscanthus and switchgrass; it is 
similar to sugarcane. It is a tropical grass with high-
yield potential across the Gulf of Mexico. It is a low-
sugar, high-cellulose variety of sugarcane that can be 
established, managed, and harvested using existing 
sugarcane industry equipment.  


WOODY CROPS


In addition to these herbaceous sources of biomass, 
there are two short rotation woody crops—hybrid 
poplar and willow—that are also considered to 
have potential for biofuel production. Willow is 
commercialized in the Northeast and in the Great 
Lakes region. Current research suggests that 
coppiced willow production266 is the most efficient 
means of producing biomass from willow, with 
harvests occurring every four years to keep biomass 
growth at its most efficient. Since willow is harvested 
by coppicing, no replanting is necessary. Poplar can 
be grown in Michigan, Minnesota, Wisconsin, the 
Northwest, the Mississippi Delta, and other regions. 
It has a long establishment period, and the first 
harvest is likely to be in the eighth year. It is then 
replanted for a second harvest eight years later. Land 
preparation is the same as for willow, and the poplar 
cuttings are planted with the same equipment. 
Willow yield can be 10 dry metric tons per hectare 
per year over a 12-year period. Poplar yield is eight 
dry metric tons per hectare per year.267  



https://onlinelibrary.wiley.com/doi/full/10.1111/gcbb.13021

https://onlinelibrary.wiley.com/doi/full/10.1111/gcbb.13021

https://onlinelibrary.wiley.com/doi/full/10.1111/gcbb.13021

https://onlinelibrary.wiley.com/doi/full/10.1111/gcbb.13021

https://acsess.onlinelibrary.wiley.com/doi/full/10.2134/agronj2013.0397
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PROJECTED SUPPLY OF CELLULOSIC  
B IOFUEL FEEDSTOCKS


The DOE conducted a study of the potential supply of 
biomass feedstocks over the 2015-2030 period. The 
study, referred to as the 2016 Billion-Ton Report,268 
considered two scenarios—a base-case scenario with 
a 1% annual increase in yield of energy crops and a 
high-yield scenario with a 2% annual yield increase. 
They considered farmgate prices of biomass, ranging 
from $40 per dry U.S. ton to $100 per dry ton with 
long-term contracts for energy crops beginning in 
2019. The results of this study are displayed in Table 
AB-1 and Figure AB-2.


In the base-case scenario, crop residue production 
commences at a farmgate price of $40 per dry ton. 
Total supply of biomass would reach 59 million tons 
with both residues and energy crops in 2030 and 108 
million tons in 2040. Of this, 79% of the supply is 


268   DOE Office of Energy Efficiency & Renewable Energy / 2016 Billion-Ton Report.


from residues in 2030 and 54% in 2040. Herbaceous 
energy crop production grows in later years 
(11% in 2030, 31% in 2040) as these crops reach 
maturity along with woody energy crops (11% in 
2030 and 15% in 2040). At this low biomass price, 
switchgrass is the primary herbaceous energy crop 
that is produced, and there is some production 
of miscanthus, which is a higher cost crop. In this 
scenario, there is less than one million tons of energy 
sorghum by 2040. Woody energy crops contribute 
about half the total energy crop production in 2030 
but decrease to 32% of energy crop production by 
2040 as switchgrass production increases. 


At a farmgate price of $60 per ton, biomass supply is 
388 million tons of residues and energy crops in 2030 
and 588 million tons in 2040. At this price point, 49% 
of total supply is available from herbaceous energy 
crops in 2030, which increases to 58% by 2040. 


TABLE AB-1. PROJECTED LAND ALLOCATION FOR BIOMASS PRODUCTION AT BIOMASS PRICE OF $60 PER TON


Source: EIA. 2016 Billion-Ton Report



https://www.energy.gov/eere/bioenergy/2016-billion-ton-report

https://www.energy.gov/eere/bioenergy/2016-billion-ton-report
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Another 13% is available from woody energy crops in 
2030, which decreases to 12% in 2040. Increasing the 
farmgate price to $80 leads to biomass supply from 
energy crops and residues of 537 and 734 million 
tons in 2030 and 2040, respectively. Of this supply, 
60% in 2030 and 67% in 2040 is from herbaceous 
energy crops, while woody energy crops are limited 
to 10% of the market in 2030 and 8% in 2040, and 
residues make up the rest. 


In the high-yield scenario, energy crop production 
commences at the $40 per ton farmgate price of 
biomass. At the $80 per ton price, total production 
reaches 1.07 billion tons in 2040 and 20% (214 
million tons) of this is from residues. In the high-
yield scenario, miscanthus is the dominant source of 
biomass, followed by corn stover, switchgrass,  
and sorghum.


FIGURE AB-2. BIOMASS SUPPLY FROM ALTERNATIVE BIOMASS SCENARIOS


A. Low yield growth (1% per year) increase scenario


B. High yield growth (2%) increase scenario







TRANSPORTATION ENERGY INSTITUTE | DECARBONIZING COMBUSTION VEHICLES: A PORTFOLIO APPROACH TO GHG REDUCTIONS


187


 FEEDSTOCK PRODUCTION TO MEET A CELLULOSIC BIOFUEL MANDATE


The RFS had set a target of a maximum of 15 billion gallons of corn ethanol and at least 16 billion gallons of 
cellulosic biofuels to be achieved by 2022. Hudiburg et al.269 examine the feedstocks and acreage that will be 
needed to achieve these targets. They also examine the implications of providing a tax credit for cellulosic 
biofuel production on the incentives to produce cellulosic biofuels and land use. They find that under the 
corn ethanol mandate, land under corn would increase and that some of this increase would be met by 
reducing land under other crops. A little less than half of the 16-billion-gallon mandate could be met by 
available corn stover that can be sustainably harvested, and the rest would be met by energy crops. While 
much of the energy crop production is likely to occur on marginal land in the rainfed region (east of the 100th 
meridian) that is of low quality and not in crop production, some cropland would also be converted to energy 
crop production. Miscanthus and switchgrass would meet a significant part of the cellulosic biofuel mandate. 
The provision of a tax credit of $1 per gallon of cellulosic biofuels would increase the land under energy crops 
and corn stover harvest.


More specifically, compared to a no-policy scenario i.e., (no biofuel policy), the policy scenarios increased 
land allocated to energy crops by 4.2 and 12.0 million hectares for the RFS and RFS plus tax credit, respectively. 
Of this, 3.9 and 10 million hectares were converted to perennial grasses (3.0 marginal land and 0.9 cropland; 
Figure AB-3a), while 7.5 million hectares of current cropland were transferred to corn for grain and ethanol, 
and 3.4 million hectares of grazing (marginal) and forest land were converted to cropland. In the RFS plus tax 
credit scenario, about 10 million hectares of cropland were converted to perennial grasses (Figure AB-3a) and 
corn ethanol land was reduced compared to no policy. Some grazing and forest land (3.6 million hectares) 
was converted to food and feed crop production to compensate for the cropland converted to energy crops. 


269   Hudiburg, Tara W. et al / Impacts of 32-billion-gallon bioenergy landscape on land and fossil fuel use in the US.


FIGURE AB-3. LAND ALLOCATION FOR ENERGY CROPS AND CORN STOVER UNDER THE RFS AND CELLULOSIC 
BIOFUEL TAX CREDIT POLICY SCENARIOS


Note: In thousand hectares for the RFS (a, c) and RFS + Tax Credit (b, d) scenarios, for perennial grasses (a, b) and corn stover removals (c, d). 
Corn stover removals are 30% if the baseline system is conventional till and 50% if the baseline system is no-till. 


Source: Hudiburg et al. (2016)



https://www.nature.com/articles/nenergy20155

http://Hudiburg et al. (2016
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APPENDIX C


Additional Insights 
Concerning Risks 
and Uncertainties 
Affecting Cellulosic 
Feedstock 
Production
 
MARGINAL LAND


While there are several different definitions of 
marginal land—based on its soil quality and soil 
fertility or based on its land use (idle/abandoned) 
—the economic definition is land that is earning 
close to zero returns from crop production and is 
therefore at the border of crop and non-crop use. 
This economically marginal land is expected to have 
a lower land cost of conversion to energy crops and 
therefore be more likely to convert to producing 
energy crops as compared to cropland that is 
earning a positive return. Jiang et al.270 use high-
resolution satellite data on land use change to infer 
that land that is frequently transitioning between 
crop and non-crop is economically marginal land. 
They show that the amount of land that can be 
classified as marginal with confidence is relatively 
small and there is a substantial amount of land that 
can only be classified as marginal with uncertainty. 
Specifically, they find that the amount of land that 
can be classified as marginal with confidence versus 
with uncertainty is 10.2 and 58.4 million hectares, 
respectively, and mainly located along the 100th 
meridian. A small portion of this marginal land (1.4–
2.2 million hectares with  


270   Jiang, Chongya, K. Guan, M. Khanna, L. Chen, and J. Peng / Assessing Marginal Land Availability Based on Land Use Change Information in the Contiguous United 
States.


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
confidence and 14.8–19.4 million hectares with 
uncertainty) is in the rainfed region and not in 
crop production and is thus suitable for producing 
energy crops without diverting land from food crops 
in 2016. The availability of this land and the costs 
of converting land to energy crop production can 
significantly affect biomass supply and costs. As 
shown in Figure 51 in the report body, in general, 
the average breakeven price of miscanthus and 
switchgrass is about twice as high on cropland 
as on marginal land, suggesting that it would be 
economically rational for landowners to prefer 
growing these crops on their available  
marginal land. 



https://pubs.acs.org/doi/abs/10.1021/acs.est.1c02236

https://pubs.acs.org/doi/abs/10.1021/acs.est.1c02236
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RISKS AND UPFRONT COSTS OF PRODUCING ENERGY CROPS


The risks and returns from energy crops vary spatially and, in some places, may be higher than those from 
conventional crops, while in other places they may be lower. Miao and Khanna271 find that in large areas of 
the lower Midwest and the South, the riskiness of miscanthus yield is lower than that of corn. In contrast, 
the yield risk of switchgrass is typically larger than that of corn in much of the rainfed region except for some 
areas in the southern Great Plains and Northeast. These yields of miscanthus and switchgrass were simulated 
under 30 different weather conditions and the average yield and yield variability. Higher riskiness of a crop 
will raise the breakeven price that a risk-averse farmer would require in order to give up the existing use of 
the land. Figure AC-1 shows the impact of yield risks on the breakeven cost of energy crops on cropland and 
marginal land in the rainfed region of the U.S. 


Since the yield of miscanthus is substantially higher than that of switchgrass, the breakeven price of 
miscanthus is typically lower than that of switchgrass across all regions. Miao and Khanna estimate that in 
the absence of risk considerations, the breakeven price of miscanthus grown on cropland is $84 per metric 
ton on average while that of switchgrass is $124 per metric ton. The corresponding values for breakeven 
prices on marginal land for miscanthus and switchgrass are $42 per ton and $50 per ton, respectively.


271   Piao, Ruiqing and M. Khanna / Are Bioenergy Crops Riskier than Corn? Implications for Biomass Price.


FIGURE AC-1. SUPPLY CURVES OF CORN STOVER, MISCANTHUS, SWITCHGRASS, AND TOTAL BIOMASS UNDER 
ALTERNATIVE SCENARIOS


Source: Miao and Khanna (2014)



https://www.choicesmagazine.org/choices-magazine/theme-articles/economic-and-policy-analysis-of-advanced-biofuels/are-bioenergy-crops-riskier-than-corn-implications-for-biomass-price

https://www.choicesmagazine.org/choices-magazine/theme-articles/economic-and-policy-analysis-of-advanced-biofuels/are-bioenergy-crops-riskier-than-corn-implications-for-biomass-price
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The breakeven prices of energy crops vary 
significantly across regions and even within a region. 
They are low in areas where energy crop yields are 
high and where the opportunity costs of converting 
land to produce them are low. Opportunity cost is 
the foregone returns from the best alternative use 
of the land; in the case of cropland this could be 
the returns from producing corn and soybeans on 
that land. As shown in Figure 51 in the body of the 
report, the breakeven prices for both miscanthus 
and switchgrass grown on cropland are low in the 
Southeast because corn yields in this region are the 
lowest and the energy grass yields are relatively 
high. Breakeven prices for energy crops grown 
on cropland or marginal land are highest in the 
northern Great Plains because energy crop yields are 
low in this area.


Figures 51(d) and 51(h) in the body of the report 
show variability in the risk premium for miscanthus 
and switchgrass grown on cropland across the 
rainfed region, respectively. The risk premium varies 
considerably across regions and was found to be 
lowest in the Southeast and highest in the Great 
Plains. On average, Miao and Khanna found that 
the risk premium required to induce landowners to 
convert cropland to switchgrass could increase its 
breakeven price by 15.6% compared to that required 
under perfect certainty; the corresponding increase 
in the breakeven price of miscanthus would be by 
7.6%. They also found that the risk premium for 
these crops is lower if they are grown on marginal 
land. The lower risk premium on marginal land is, 
in part, due to the low opportunity costs of growing 
energy crops on marginal land which require 
relatively low breakeven prices of energy crops and 
lower riskiness of those returns. 
 


EFFECT OF RISK AND TIME  
PREFERENCES OF FARMERS ON 
BIOMASS FEEDSTOCK SUPPLY


Miao and Khanna show that high discount rate, high 
risk aversion, and credit constraint significantly 
discourage miscanthus production due to its long 
establishment period and high establishment cost. 
For example, under the high discount, high risk 
aversion, and credit constraint scenario, the average 
annual production of miscanthus under $100/
MT price is about 27 million metric tons. However, 
under the low discount, low risk aversion, and no 
credit constraint scenario, the annual miscanthus 
production in a mature year at the same price is 
about 325 million metric tons (see the last graph 
on the lower panel of Figure AC-1). By comparing 
graphs in the upper panel with those in the lower 
panel in Figure AC-1, Miao and Khanna find that 
everything else equal, relaxing the credit constraint 
increases miscanthus production substantially 
and results in biomass supply from miscanthus 
overtaking that from corn stover at a price between 
$50 and $70/MT. In contrast, relaxing the credit 
constraint reduces switchgrass production because 
it makes miscanthus preferable due to the relatively 
higher yield of miscanthus. When farmers are credit 
constrained, a decrease in risk aversion or discount 
rate increases miscanthus production substantially 
more than when farmers are not credit constrained. 
This indicates that the availability of a loan that 
enables the farmer to smooth net returns over a 
perennial crop’s life span mitigates the effect of 
the farmer’s risk and time preference on perennial 
energy crop production.
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The Transportation Energy Institute, founded by NACS in 2013, is a 501(c)
(4) nonprofit research-oriented think tank dedicated to evaluating the 
market issues related to vehicles and the fuels that power them. By bringing 
together diverse stakeholders of the transportation and fuels markets, the 
Institute helps to identify opportunities and challenges associated with new 
technologies and to facilitate industry coordination to help ensure that 
consumers derive the greatest benefit.


The Transportation Energy Institute commissions and publishes 
comprehensive, fact-based research projects that address the interests of the 
affected stakeholders. Such publications will help to inform both business 
owners considering long-term investment decisions and policymakers 
considering legislation and regulations affecting the market. Research is 
independent and unbiased, designed to answer questions, not advocate 
a specific outcome. Participants in the Transportation Energy Institute are 
dedicated to promoting facts and providing decision makers with the most 
credible information possible so that the market can deliver the best in 
vehicle and fueling options to the consumer.


For more about the Fuels Institute, visit transportationenergy.org
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ACRONYMS AND ABBREVIATIONS 
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1.0 INTRODUCTION 


The California Air Resources Board (CARB) released the Draft 2022 Scoping Plan for 
Achieving Carbon Neutrality, herein referred to as the 2022 Scoping Plan, along with 
the First Draft Environmental Analysis (First Draft EA) on May 10, 2022, for a 45-day 
public review and comment period that closed June 24, 2022. In addition, oral and 
written comments were accepted at a public hearing on June 23, 2022. CARB 
received 1,172 written and oral comments during that time. Written comment letters 
received during the First Draft EA 45-day comment period are available on CARB’s 
website1.  


After the end of the First Draft EA public review period, CARB identified revisions to 
certain aspects of the proposal that merited revisions to the project description. CARB 
determined that recirculation of the Draft EA was warranted. The Recirculated Draft 
EA was released for a 45-day comment period from September 9, 2022 through 
October 24, 2022. CARB received 42 written comment letters to the comment docket 
for the Recirculated Draft EA. Written comment letters received during the 
Recirculated Draft EA 45-day comment period are provided on CARB’s website.2  


CARB staff will return to the Board for a final vote on the 2022 Scoping Plan (currently 
scheduled on December 15, 2022). The public hearing notice and related materials 
(i.e., the final 2022 Scoping Plan and Final EA) for the 2022 Scoping Plan are provided 
on CARB’s website at https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-
change-scoping-plan/2022-scoping-plan-documents. 


A. Requirements for Responses to Comments 


These written responses to public comments on the First Draft EA and Recirculated 
Draft EA are prepared in accordance with CARB’s certified regulatory program (CRP) 
to comply with the California Environmental Quality Act (CEQA). CARB’s CRP 
regulations state: 


California Code of Regulations, title 17, Section 60004.2(b)(3). Response to 
Public Comment  


CARB shall evaluate comments on environmental issues received during the 
noticed comment period and shall respond as follows:  


(A) Comments received during the noticed public comment period 
regarding environmental impacts that may result from the proposed 
project shall be considered, and a written response shall be prepared 


 
1 at: Board Meeting Comments Log (ca.gov) 
2 at: Board Meeting Comment Logs (ca.gov)  



https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents

https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents

https://www.arb.ca.gov/lispub/comm/iframe_bccommlog.php?listname=scopingplan2022&_ga=2.243476352.426736710.1669665512-344015696.1538150852

https://www.arb.ca.gov/lispub/comm2/iframe_bccommlog2.php?listname=sp22-recirc-ea-ws&_ga=2.243476352.426736710.1669665512-344015696.1538150852
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where required by section 15088 of title 14 of the California Code of 
Regulations.  


(B) CARB may, but is not required to, respond to late comments made 
outside the noticed comment period.  


(C) When responding to a comment raising significant environmental 
impacts from a public agency, a written proposed response shall be 
provided to that agency at least 10 days prior to certifying an 
Environmental Impact Analysis.  


(D) The response to comment may be prepared in the form of (1) a 
revision to the draft Environmental Impact Analysis, (2) a separate section 
in or attachment to the Final Environmental Impact Analysis, or (3) a 
separate response to comments document.  


(E) The response to comment shall include the following: 


1. Comments and recommendations concerning significant 
environmental issues received during the noticed public review 
period on the draft Environmental Impact Analysis, either verbatim 
or in summary; 


2. A list of persons, organizations, and public agencies 
commenting on the draft Environmental Impact Analysis during 
the noticed public review period; and 


3. The responses to significant environmental issues raised during 
the noticed public review period. 


Public Resources Code (PRC) Section 21091 also provides guidance on reviewing and 
responding to public comments in compliance with CEQA. This section is outside the 
chapters exempted by a certified regulatory program, so it is applicable to CEQA 
compliance by CARB.  Although it refers to environmental impact reports, proposed 
negative declarations, and mitigated negative declarations, rather than an EA, it 
contains useful guidance for preparing a thorough and meaningful response to 
comments. 


PRC Section 21091, subdivision (d) states: 


(1) The lead agency shall consider comments it receives if those comments are 
received within the public review period. 


(2) (A) With respect to the consideration of comments received, the lead 
agency shall evaluate any comments on environmental issues that are received 
from persons who have reviewed the draft and shall prepare a written response 
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pursuant to subparagraph (B). The lead agency may also respond to comments 
that are received after the close of the public review period. 


(B) The written response shall describe the disposition of each significant 
environmental issue that is raised by commenters. The responses shall be 
prepared consistent with section 15088 of Title 14 of the California Code of 
Regulations. 


Section 15088 of the CEQA Guidelines (Title 14 CCR Section 15088) also includes 
useful information and guidance for preparing a thorough and meaningful response to 
comments. It states, in relevant part, that specific comments and suggestions about 
the environmental analysis that are at variance from the lead agency’s position must 
be addressed in detail with reasons why specific comments and suggestions were not 
accepted. Responses must reflect a good faith, reasoned analysis of the comments. 


Title 14 CCR Section 15088 (a–c) states: 


(a) The lead agency shall evaluate comments on environmental issues received 
from persons who reviewed the draft EIR and shall prepare a written response. 
The Lead Agency shall respond to comments received during the noticed 
comment period and any extensions and may respond to late comments. 


(b) The lead agency shall provide a written proposed response to a public 
agency on comments made by that public agency at least 10 days prior to 
certifying an environmental impact report. 


(c) The written response shall describe the disposition of significant 
environmental issues raised (e.g., revisions to the proposed project to mitigate 
anticipated impacts or objections). In particular, the major environmental issues 
raised when the Lead Agency’s position is at variance with recommendations 
and objections raised in the comments must be addressed in detail giving 
reasons why specific comments and suggestions were not accepted. There 
must be good faith, reasoned analysis in response. Conclusory statements 
unsupported by factual information will not suffice. 


B. Comments Requiring Substantive Responses 


A total of 978 written comments were submitted electronically on or before June 24, 
2022 to the 45-day comment docket for the 2022 Scoping Plan and its appendices, 
including the First Draft EA. In addition, 194 verbal comments were received during 
the June 23, 2022 public hearing, bringing the total comments received during this 
comment period to 1,172 comments. CARB determined that 84 of the comments 
received raised significant environmental issues or addressed the analysis in the First 
Draft EA. CARB staff was conservative and inclusive in determining which comments 
warranted a written response, such as comments that did not directly mention the 
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analysis in the First Draft EA but did raise an issue related to potential adverse impacts 
associated with implementation of the 2022 Scoping Plan.  


Additionally, a total of 42 comment letters were submitted electronically on or before 
October 24, 2022 to the comment docket established for the Recirculated Draft EA 
While not all of the 42 comments received raised significant environmental issues 
related to the Draft EA, they were all submitted to a comment docket that was 
created exclusively for the Recirculated Draft EA. Therefore, in an abundance of 
caution, all 42 comments are included in Section 2.0 below. 
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2.0 RESPONSES TO COMMENTS 


The comment letters responded to in this document were coded by the order in which they 
were received and consistent with the comment docket for which they were submitted.3 
Comment letters have been presented using the number assigned in the comment docket 
(i.e., generally, the order in which they were uploaded to the docket). Comments submitted 
on the First Draft EA are coded only with the docket number. Written comments submitted 
during the June 23, 2022 Board Hearing contain the prefix “H”. Verbal comments submitted 
during the June 23, 2022 Board Hearing contain the prefix “PH”.  Comments submitted on 
the Recirculated Draft EA contain the prefix “R”.  


Table 2-1 provides the list of comment letters that were submitted to the original 45-Day 
comment docket (including verbal and written comments submitted at the Board Hearing on 
June 23, 2022) that purport to raise environmental issues, as well as all of the comment 
letters submitted to the Recirculated Draft EA docket (as described above). Subsection A 
below includes master responses that were drafted to address recurring themes within 
comment letters received from multiple commenters. Subsection B below provides responses 
to comments received related to the First Draft EA. Subsection C below provides responses 
to comments received on the Recirculated Draft EA. Where applicable, verbatim excerpts 
from the comment letters are presented prior to the responses to the comments, which are 
provided below.  


Table 2-1: List of Comment Letters Receiving Responses for CEQA Purposes 


Comment 
Number Date Name Affiliation 


2 5/11/2022 Thomas Becker T. Becker Power Systems 
18 5/23/2022 Dawn Durfee Logical Citizen 
24 5/24/2022 Rhoads Stephenson  
26 5/25/2022 Catherine Turman  
27 5/23/2022 Gary Latshaw Securethefuture2100 
50 6/7/2022 Thomas Becker T. Becker Power Systems 
56 6/10/2022 Dean Wallraff Advocates for the Environment 


137 6/14/2022 Kenneth Johnson  
166 6/17/2022 Ann Alexander Natural Resources Defense Council 
177 6/17/2022 Wendy Ring Climate 911 
252 6/20/2022 Daniel Chandler Northcoast Environmental Groups 


 
3 Comments on the First Draft EA are viewable at: 
https://www.arb.ca.gov/lispub/comm/iframe_bccommlog.php?listname=scopingplan2022&_ga=2.230822490.4
55946107.1670264336-1590124318.1525112280. Comments on the Recirculated Draft EA are viewable at: 
https://www.arb.ca.gov/lispub/comm2/iframe_bccommlog2.php?listname=sp22-recirc-ea-
ws&_ga=2.129734217.455946107.1670264336-1590124318.1525112280. These comment dockets can also be 
accessed through CARB’s main 2022 Scoping Plan website at: https://ww2.arb.ca.gov/our-work/programs/ab-
32-climate-change-scoping-plan/2022-scoping-plan-documents.  



https://www.arb.ca.gov/lispub/comm/iframe_bccommlog.php?listname=scopingplan2022&_ga=2.230822490.455946107.1670264336-1590124318.1525112280

https://www.arb.ca.gov/lispub/comm/iframe_bccommlog.php?listname=scopingplan2022&_ga=2.230822490.455946107.1670264336-1590124318.1525112280

https://www.arb.ca.gov/lispub/comm2/iframe_bccommlog2.php?listname=sp22-recirc-ea-ws&_ga=2.129734217.455946107.1670264336-1590124318.1525112280

https://www.arb.ca.gov/lispub/comm2/iframe_bccommlog2.php?listname=sp22-recirc-ea-ws&_ga=2.129734217.455946107.1670264336-1590124318.1525112280

https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents

https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents
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Comment 
Number Date Name Affiliation 


273 6/20/2022 Nora Privitera 350 Bay Area Action 
296 6/20/2022 Monica Embrey Sierra Club 
321 6/20/2022 Cate Steane 350 Bay Area 
344 6/21/2022 Chris Paros  
346 6/21/2022 Rebecca Wright Indigo 


356 6/21/2022 Jennifer Hernandez The Two Hundred for 
Homeownership 


362 6/21/2022 Jorge De Cecco  


369 6/21/2022 Jean Tepperman 
1000 Grandmothers for Future 
Generations 


372 6/21/2022 Robert Hambrect Allotrope Partners 
384 6/21/2022 Jane Sellen Californians for Pesticide Reform 
390 6/21/2022 Kelly Lyndon  
422 6/22/2022 Jennifer Hernandez Holland & Knight LLP 
427 6/22/2022 Christopher Lish  
451 6/22/2022 Thomas Moran  
458 6/22/2022 Cheryl Weiden  
461 6/22/2022 Amy Vasquez  


464 6/22/2022 John Hopkins 
California Habitat Conservation 
Planning Coalition 


466 6/22/2022 Matt Regan Bay Area Council 


501 6/22/2022 Abby Young Bay Area Air Quality Management 
District 


558 6/24/2022 Rina Singh Alternative Fuels & Chemicals 
Coalition 


560 6/24/2022 Faraz Rizvi Asian Pacific Environmental Network 
561 6/24/2022 Helena Murray  
563 6/24/2022 Rahel Kemal Physicians For Social Responsibility LA 
566 6/24/2022 Sylvia Regan Center for Biological Diversity 
572 6/24/2022 Ariana Matthews California Chamber of Commerce 


574 6/24/2022 Sean Charpentier 
C/CAG – City/County Assn of Govts 
SMC 


581 6/24/2022 Michael Boccadoro Dairy Cares 
582 6/24/2022 Ignatio Fernandez Joint Utilities Group 
597 6/24/2022 Collen Clementson SANDAG 
612 6/24/2022 Sydney Chamberlain The Nature Conservancy 
617 6/24/2022 Jennifer Hernandez  
620 6/24/2022 Susie Berlin Northern California Power Agency 
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Comment 
Number Date Name Affiliation 


622 6/24/2022 Jessica Nelson Golden State Power Cooperative 
630 6/24/2022 Tanya DeRivi Western States Petroleum Association 
632 6/24/2022 Sasan Saadat Earthjustice 


635 6/24/2022 Jennifer Hernandez The Two Hundred for 
Homeownership 


636 6/24/2022 Katellyn Roedner 
Sutter 


Environmental Defense Fund 


639 6/24/2022 Sarah Wiltfong 
Los Angeles County Business 
Federation 


643 6/24/2022 Michael Wara Stanford University 
651 6/24/2022 George Peridas Various 


668 6/24/2022 Chelsea Tu California Environmental Justice 
Alliance 


670 6/24/2022 Chelsea Tu 
California Environmental Justice 
Alliance 


678 6/22/2002  


Leadership Counsel for Justice and 
Accountability; Animal Legal Defense 
Fund; Food & Water Watch; 
Association of Irritated Residents; 
Center for Food Safety 


H115 6/23/2022 Marijane Lopez-Taff Citrus Heights Chamber of Commerce 


H118 6/23/2022 
Jeff Montejano and  
Adam Wood 


Building Industry Association of 
Southern California 
Building Industry Legal Defense 
Foundation 


H120 6/23/2022 Caroline Farrell  
H122 6/23/2022 Marc Hardy Tejon Ranch Company 
H147 6/23/2022 Erin Rodriguez Union of Concerned Scientists 
H152 6/23/2022 Greg Karras Community Energy reSource 
H162 6/23/2022 Irena Asmundson  
H163 6/23/2022 Jennifer Normoyle  
H168 6/23/2022 Susan Lessin  
H174 6/23/2022 Kristen Lee  
H185 6/24/2022 Noah Garcia Advanced Energy Economy 


H186 6/24/2022 Katharine Larson 
Southern California Public Power 
Authority 


H210 6/24/2022  Central Valley Defenders of Clean Air 
and Water 
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Comment 
Number Date Name Affiliation 


H212 6/24/2022 Frank Harris California Municipal Utilities 
Association 


H217 6/24/2022 Madlen Saddik  
H220 6/24/2022 Karl Aldinger  


H236 6/24/2022 Jennifer Hernandez The Two Hundred for 
Homeownership 


H246 6/24/2022 Jeanne Armstrong Solar Energy Industries Association 
H262 6/24/2022 Muriel Strand  
H263 6/24/2022 Danny Cullenward CarbonPlan 
H269 6/24/2022 Douglas Carstens  


H274 6/24/2022 Angela Hacker California Climate and Energy 
Collaborative 


H287 6/24/2022 Brian Mello Associated General Contractors 


PH-1 6/23/2022 
Dr. Catherine 
Garoupa Various 


PH-2 6/23/2022 Bill Caram Pipeline Safety Trust 
PH-3 6/23/2022 Marjanch Moini  
R1 9/19/2022 Gurwinder Mann  
R2 9/20/2022 Thomas T Becker T. Becker Power Systems 
R3 9/22/2022 Chris Torres  
R4 9/22/2022 Gilbert Adjoyi  
R5 9/22/2022 Kimberly McCoy  
R6 10/3/2022 Martin Mackerel  
R7 10/14/2022 Julie Parker League of Women Voters 
R8 10/15/2022 Carol Wuenschell  
R9 10/24/2022 Julie Parker League of Women Voters 


R10 10/24/2022 Quinn Piening California Tow Truck 
R11 10/24/2022 Jessica Wentz  
R12 10/24/2022 Fernandez Ignacio  
R13 10/24/2022 Charles Davidson  
R14 10/24/2022 Jared Yoshiki AOPA 
R15 10/24/2022 Jennifer Svec-Williams  
R16 10/24/2022 Jessica Marcus Drax 


R17 10/24/2022 Amanda Parsons 
DeRosier 


Global Clean Energy 


R18 10/24/2022 Jason Pfeifle Center for Biological Diversity 


R19 10/24/2022 Chelsea Tu 
California Environmental Justice 
Alliance 


R20 10/24/2022 Daniel Lashof World Resources Institute 
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Comment 
Number Date Name Affiliation 


R21 10/24/2022 Chelsea Tu CA Environmental Justice Alliance 
R22 10/24/2022 Kenley Farmer Airlines for America 
R23 10/24/2022 Nora Brown Charm Industrial 
R24 10/24/2022 Laura Haider Fresnans Against Fracking 
R25 10/24/2022 Fariya Ali  
R26 10/24/2022 Leah Bahramipour Regenerate California 
R27 10/24/2022 Nick Cammarota California Building Industry 


Association 
R28 10/24/2022 Tanya DeRivi Western States Petroleum Association 
R29 10/24/2022 Chris Gould  
R30 10/24/2022 Julia May Communities for a Better 


Environment 
R31 10/24/2022 Sarah Sachs Ceres 
R32 10/24/2022 Sarah Sachs Ceres 
R33 10/24/2022 Alicia Rivera, Connie 


Cho, and Julia May 
Communities for a Better 
Environment 


R34 10/24/2022 Sasan Saadat Sierra Club and Earthjustice 
R35 10/24/2022 Robert Spiegel CMTA 
R36 10/24/2022 Katelyn Roedner 


Sutter 
Environmental Defense Fund 


R37 10/24/2022 Kathleen Van Osten MVM Strategy Group 
R38 10/24/2022 Evan Edgar Edgar & Associates 
R39 10/24/2022 Ellie Choen The Climate Center 
R40 10/24/2022  Leadership Counsel for Justice and 


Accountability 
R41 10/24/2022 Marc Hardy Tejon Ranch Company 
R42 10/24/2022 Olson, Katrina  


A. Master Responses 


Multiple commenters raised similar issues within their comment letters. Rather than respond 
individually to recurring comments, master responses have been developed to address the 
comments comprehensively. Master responses are provided for the following topics:  


(1) Level of Detail, Specificity, and CARB’s Authority; 


(2) Safety of CO2 Pipelines, Capture Chemicals, and Geologic Storage of CO2; 


(3) Carbon Dioxide Removal and Carbon Capture and Sequestration Related Air 
Quality and Health Concerns; 


(4) Relationship Between the Appendices to the 2022 Scoping Plan and the EA; 
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(5) Modelling Assumptions; and 


 (6) Refining for Export and Associated Emissions 


Master Response 1: Level of Detail, Specificity, and CARB’s Authority 


Several commenters express concern over the level of detail and specificity included in the 
EA. Concern was also raised over CARB’s determinations regarding authority over mitigation 
measures. 


The EA presents a programmatic analysis of reasonably foreseeable compliance responses 
for implementation of the 2022 Scoping Plan. The EA describes the potential for adverse 
environmental impacts, and if the impact is potentially significant, potentially feasible 
mitigation measures.  


The 2022 Scoping Plan is a Statewide-level planning document that assesses the State’s 
progress toward achieving the 2030 target for reduced greenhouse gas (GHG) emissions and 
lays out a path for achieving carbon neutrality no later than 2045. The 2022 Scoping Plan 
does not contain any regulatory mandates. Reviewers should note that the 2022 Scoping 
Plan is largely advisory in nature, as CARB does not directly regulate many of the sectors the 
measures address, and therefore these measures remain at the discretion of other agencies. 
Approval of the 2022 Scoping Plan would not lead directly to any adverse impacts on the 
environment, because its approval alone would not authorize or otherwise cause any 
activities that would change the physical environment. Rather, it is the first step in a potential 
sequence of public agency decisions that may lead to implementation by other public 
agencies of reasonably foreseeable compliance responses. If approved, the 2022 Scoping 
Plan would be a statewide plan that would be followed by (and be dependent upon) future 
CARB rulemaking efforts or other efforts at multiple levels of government to further define 
requirements for plan components. Other state, regional, or local agencies would consider 
approval of actions authorizing reasonably foreseeable projects to comply with adopted 
rules, plans, or strategies. Implementation of the recommended measures in the 2022 Scoping 
Plan may, through this sequence of events, indirectly lead to adverse environmental impacts 
from the implementation of reasonably foreseeable compliance responses authorized by 
other agencies. Despite the statewide level of the 2022 Scoping Plan and the inherent 
uncertainty in whether other agencies will choose to implement its measures, in an effort to 
provide the maximum feasible public disclosure, CARB analyzed these measures and 
recommendations  as part of the proposed CEQA “project”. While CARB has made best 
efforts to analyze potential environmental impacts associated with these measures and 
recommendations, it is not possible to do so in greater detail given the statewide and 
programmatic nature of these measures, and the lack of available detail in how they may be 
implemented. Some of the components of the 2022 Scoping Plan are also purely advisory in 
nature; for more information regarding CARB’s approach to analyzing these components, see 
section 2.0(C)(16) of the Final EA. 


Many of the identified potentially significant impacts of the reasonably foreseeable 
compliance responses could ultimately be avoided or mitigated to a less-than-significant level 
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as indicated by the mitigation measures included within chapter 4 of the EA.  Mitigation 
measures would also be included when any specific regulatory measures are designed and 
evaluated during associated rulemaking processes. They may also be adopted by authorizing 
public agencies with project-specific approvals or entitlement processes related to 
reasonably foreseeable compliance responses, which typically require a project-level 
environmental review by another public agency.  


With regard to mitigation, CARB has limited authority for mitigation adoption and 
implementation outside its statutory mandates. The EA therefore recognizes that a degree of 
uncertainty exists regarding whether other agencies would decide to consider, adopt, and 
implement  feasible4 mitigation measures for the potentially significant impacts identified in 
the EA. (Note that where the EA notes uncertainty as to whether an agency would implement 
feasible mitigation, those statements also assume the agency has chosen to consider and 
adopt the mitigation.) Therefore, mitigation implementation by other public agencies 
approving later projects is not, and cannot be, assured. While CARB is responsible for 
approving the 2022 Scoping Plan, it does not have authority to approve the potential later 
activities, such as infrastructure and development projects, that could be carried out as 
compliance responses to the 2022 Scoping Plan.  


Other public agencies are responsible for the review and approval of any facilities and 
infrastructure that are reasonably foreseeable compliance responses to the 2022 Scoping 
Plan. This review and approval process would include environmental review, definition and 
adoption of feasible project-specific mitigation measures, and monitoring or reporting of 
mitigation measures. 


Given limitations in CARB’s statutory authority, CARB’s implementation of the identified 
mitigation measures would be infeasible. CARB has made this infeasibility determination 
based on multiple factors, including: (1) the lack of certainty of the scope, siting, and specific 
design details of future compliance-response development projects, which prevents CARB 
from being able to determine the significant environmental impacts that may actually result 
from those projects, and (2) the fact that even if there was certainty with respect to future 
compliance-response development projects and associated significant environmental 
impacts, CARB lacks the legal authority to approve these projects or implement them, or to 
require mitigation for them. Given that it lacks general land use authority, CARB cannot 
legally impose or enforce mitigation measures on the later compliance-response projects. 
Therefore, while the mitigation measures identified in the EA are considered by CARB to be 
feasible for other agencies to implement and/or enforce, CARB cannot legally require them. 


 
4 “‘Feasible’ means capable of being accomplished in a successful manner within a reasonable period of time, 
taking into account economic, environmental, social, and technological factors” (PRC Section 21061.1). 
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Master Response 2: Safety of CO2 Pipelines, Capture Chemicals, and Geologic Storage of 
CO2 


Several commenters express concern about the adequacy of current regulations for CO2 
pipelines, the safety of chemicals used in the CO2 capture process, and suitability of geologic 
reservoirs for permanent sequestration of CO2. Commenters frame their concerns in the 
context of potential impacts to nearby communities, and several commenters describe a CO2 
pipeline rupture in Satartia, Mississippi in February 2020 and its impacts on the nearby 
community.  


Senate bill (SB) 905, signed by the Governor on September 16, 2022, directs CARB to 
establish a Carbon Capture, Removal, Utilization, and Storage (CCUS) Program. However, a 
provision within SB 905 does not allow for the transport of concentrated carbon dioxide 
(CO2) through pipelines until the conclusion of a federal carbon dioxide pipeline safety 
rulemaking.5 Therefore, at this time, only projects that do not need to transport carbon 
dioxide via pipeline would occur in California, particularly in the near term. However, to 
conservatively disclose the range of potential environmental impacts, the EA assumed all 
outcomes and actions reflected in the 2022 Scoping Plan are fully realized and not limited by 
any permitting or federal rulemaking processes on pipeline safety regulations. 


The federal Department of Transportation (DOT) regulates the design, construction, 
operation and maintenance, and spill response planning for CO2 pipelines under the 
Hazardous Liquid Pipeline Act of 1979, as amended. The DOT administers pipeline 
regulations through the Office of Pipeline Safety (OPS) within the Pipelines and Hazardous 
Materials Safety Administration (PHMSA). Federal regulations (49 CFR Part 195)6 regulate the 
transport of CO2 as a supercritical fluid (i.e., a dense phase) in pipelines. Similar to natural gas 
pipelines, CO2 pipelines operate at high pressure within the ambient temperature of the 
system. Under these conditions, CO2 transport currently occurs in a supercritical state to 
maximize the mass flow while avoiding the need for more material- and energy-intensive 
refrigeration and insulation along the length of the pipelines that would otherwise be 
necessary to maintain the CO2 in a liquid state. 


CO2 captured from industrial sources, such as coal-based energy producers and fertilizer 
manufacturing plants, could contain impurities (i.e., injected agents may include other 
constituents beyond simply pure CO2, that could become contaminants). CO2 pipeline 
owners and operators have developed and implemented standards for CO2 composition and 
quality to safeguard the integrity of CO2 pipelines.7 As described further below and in the 


 
5 See Cal. Health & Safety Code § 71465(a). 
6 https://www.ecfr.gov/current/title-49/subtitle-B/chapter-I/subchapter-D/part-195 
7 United States Department of Energy. 2017. Siting and Regulating Carbon Capture, Utilization and Storage 
Infrastructure, Workshop Report. January. Available: 
https://www.energy.gov/sites/prod/files/2017/01/f34/Workshop%20Report--
Siting%20and%20Regulating%20Carbon%20Capture%2C%20Utilization%20and%20Storage%20Infrastructure.p
 



https://www.ecfr.gov/current/title-49/subtitle-B/chapter-I/subchapter-D/part-195

https://www.energy.gov/sites/prod/files/2017/01/f34/Workshop%20Report--Siting%20and%20Regulating%20Carbon%20Capture%2C%20Utilization%20and%20Storage%20Infrastructure.pdf

https://www.energy.gov/sites/prod/files/2017/01/f34/Workshop%20Report--Siting%20and%20Regulating%20Carbon%20Capture%2C%20Utilization%20and%20Storage%20Infrastructure.pdf
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EA, PHMSA announced in May 2022 that it is taking steps to implement new measures to 
strengthen its safety oversight of CO2 pipelines within the U.S., including updating CO2 
pipeline standards, to protect communities from pipeline failures. 


As described in the EA, although the specific type(s) and sizes of the mechanical carbon 
dioxide removal and carbon capture and sequestration (CCS) facilities and infrastructure are 
uncertain, the operation of new and modified facilities could result in the transport, use, 
and/or disposal of new or higher levels of hazardous chemicals, depending on the type of 
facility and carbon capture system present. In the near term, most potential CCS projects 
would likely occur in processes at existing facilities that already produce high-purity CO2 
streams, such as ethanol production and certain forms of steam methane reforming. These 
projects do not require a CO2 capture step and are expected to occur sooner because of 
their lower cost. Therefore, these near-term projects are likely to incur minimal changes in 
criteria and toxics emissions as a result of CO2 compression, transport, and injection. For CCS 
projects that produce low-purity CO2 streams, such as power plants, the CO2 capture 
technology would likely be primarily based on chemical adsorption using amine-based 
solvents, such as monoethanolamine (MEA). Because amine-based solvents in carbon capture 
systems would be recycled in a closed system, emissions of amine-based solvents associated 
with carbon capture systems would be minimal. CO2 capture technology that involves the use 
of amine-based solvents would produce amine waste related to amine degeneration. The 
waste amine requires further treatment and disposal.  Storage, transport, and disposal of 
amine wastes would be managed in compliance with applicable federal, State, and local laws 
and regulations, including the Hazardous Waste Program specified under Subtitle C of the 
federal Resource Conservation and Recovery Act, the Occupational Safety and Health 
Administration’s Hazardous Waste Operations and Emergency Response standards, 
California’s Hazardous Waste Control Act, and the Department of Toxic Substances Control’s 
Unified Program.   


Transport of hazardous materials (e.g., caustic soda, ammonia, acid and solvent wastes, 
ethanol, and solvents) are regulated by DOT, which requires the safe and reliable 
transportation of hazardous materials by all modes used to transport it. DOT’s Hazardous 
Materials Regulations govern the transportation of ethanol and other biofuels and blends by 
rail, air, motor carrier, and barge. In addition, 49 CFR Part 1728 lists and classifies those 
materials that DOT has designated as hazardous materials for purposes of transportation and 
prescribes the requirements for shipping papers, package marking, labeling, placarding, 
emergency response, training, and safety applicable to the shipment and transportation of 
those hazardous materials. Requirements for carriage by rail, including operating, loading, 
and unloading requirements, along with detailed requirements for Class 3 (flammable liquid) 
materials are provided in 49 CFR Part 174.9 


 
df. Accessed September 2022. 
 
8 https://www.ecfr.gov/current/title-49/subtitle-B/chapter-I/subchapter-C/part-172 
9 https://www.ecfr.gov/current/title-49/subtitle-B/chapter-I/subchapter-C/part-174 



https://www.energy.gov/sites/prod/files/2017/01/f34/Workshop%20Report--Siting%20and%20Regulating%20Carbon%20Capture%2C%20Utilization%20and%20Storage%20Infrastructure.pdf

https://www.ecfr.gov/current/title-49/subtitle-B/chapter-I/subchapter-C/part-172

https://www.ecfr.gov/current/title-49/subtitle-B/chapter-I/subchapter-C/part-174
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Geologic sequestration involves the injection of CO2 thousands of feet underground, where it 
is trapped within the pore spaces of solid rock. Naturally occurring underground deposits of 
CO2 that have existed for thousands to millions of years and the experiences and information 
gained from implementation of numerous CO2-enhanced oil recovery and dedicated CO2 
storage projects over the last several decades demonstrate the feasibility of safe and 
permanent geologic sequestration of CO2.10,11  EPA regulates CO2 geologic sequestration 
injection wells as “Class VI” wells under its underground injection control program. (See 40 
CFR § 146.81.)  EPA requires that sequestration sites have confining subsurface zones, or 
layers of impermeable rock, to keep CO2 from escaping into overlying geologic layers, 
groundwater, or the surface (40 CFR 146.83(a)(2)).12  EPA requires that potential geologic 
sequestration sites be thoroughly studied, including operational wells and plugged and 
abandoned wells, to protect the safety and security of the project. Geologic sequestration is 
not allowed where unsuitable subsurface conditions exist or where required corrective action 
on existing wells or artificial penetrations has not been performed. All underground injection 
projects must obtain permits to ensure the protection of underground sources of drinking 
water (USDW) or the surface (40 CFR 146.82(a)(3)).13  EPA’s permit requirements include 
modeling to verify the storage capacity of the injection reservoir, development and 
implementation of a testing and monitoring plan, development of an emergency and 
remedial response plan, demonstration of financial responsibility, and development and 
implementation of a post-injection site care and closure plan.  EPA also requires owners / 
operators to monitor for CO2 movement through its confining zones.  (See 40 CFR § 
146.90(d).)   


CARB’s CCS Protocol,14 incorporated as part of the Low Carbon Fuel Standard (LCFS) 
regulations implemented by CARB in 2018,15 contains similar requirements to demonstrate 
the suitability of potential geologic sequestration sites, and Permanence Certification 
requires that project applicants demonstrate that their sites are capable of permanently and 
safely sequestering injected CO2. Permanence Certification is required prior to LCFS 
crediting for CO2 sequestered. Furthermore, SB 905 specifies that the California Geological 
Survey establish a Geologic Carbon Sequestration Group to provide independent expertise 
and regulatory guidance to CARB in developing the regulations to implement the Carbon 
Capture, Removal, Utilization, and Storage Program. The group’s duties include identifying 
high-quality, suitable locations of CO2 injection wells. The statute also specifies similar 
suitability and permanence attributes to be incorporated into the program, including 
strategies to minimize the risk of seismic impacts, and monitoring and reporting of CO2 


 
10 Intergovernmental Panel on Climate Change. 2005. Carbon Dioxide Capture and Storage. Available: 
https://archive.ipcc.ch/pdf/special-reports/srccs/srccs_wholereport.pdf. Accessed: November 23, 2022. 
11 National Energy Technology Laboratory. Permanence and Safety of CCS. Available: 
https://netl.doe.gov/coal/carbon-storage/faqs/permanence-safety. Accessed: November 23, 2022.  
12 https://www.ecfr.gov/current/title-40/chapter-I/subchapter-D/part-146/subpart-H/section-146.83 
13 https://www.ecfr.gov/current/title-40/chapter-I/subchapter-D/part-146/subpart-H/section-146.82 
14 CARB. 2018. Carbon Capture and Sequestration Protocol under the Low Carbon Fuel Standard. 
https://ww2.arb.ca.gov/our-work/programs/carboncapture-sequestration. 
15 CARB. 2022. Carbon Capture & Sequestration. https://ww2.arb.ca.gov/our-work/programs/carboncapture-
sequestration. 



https://archive.ipcc.ch/pdf/special-reports/srccs/srccs_wholereport.pdf

https://netl.doe.gov/coal/carbon-storage/faqs/permanence-safety

https://www.ecfr.gov/current/title-40/chapter-I/subchapter-D/part-146/subpart-H/section-146.83

https://www.ecfr.gov/current/title-40/chapter-I/subchapter-D/part-146/subpart-H/section-146.82
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within the geologic storage complex for a sufficiently long enough time to demonstrate that 
the risk of leakage poses no material threat to public health, safety, and the environment, 
that terminates no earlier than 100 years after the last date of injection of CO2 into the 
storage reservoir.  


On February 22, 2020, a CO2 pipeline operated by Denbury Gulf Coast Pipelines LLC 
(Denbury) ruptured in proximity to the community of Satartia, Mississippi. Heavy rains are 
believed to have led to a landslide on a steep embankment where the pipeline was located, 
which created axial strain on the pipeline and resulted in a full circumferential girth weld 
failure.16 Following the rupture, the combination of weather and topography resulted in a 
slower dissipation of the gas. The pipeline was also carrying hydrogen sulfide, a flammable 
and toxic gas. The Pipelines and Hazardous Materials Safety Administration’s (PHMSA) 
investigation also revealed several contributing factors to the accident, including but not 
limited to: Denbury not addressing the risks of geohazards in its plans and procedures, 
underestimating the potential affected areas that could be impacted by a release in its CO2 
dispersion model, and not notifying local responders to advise them of a potential failure. 


As a result of PHMSA’s investigation into the pipeline failure in Satartia, Mississippi, PHMSA 
announced in May 2022 that it is taking steps to implement new measures to strengthen its 
safety oversight of CO2 pipelines within the U.S. and protect communities from pipeline 
failures. These measures include a new rulemaking to update standards for CO2 pipelines, 
requirements related to emergency preparedness, and response; and issuance of an updated 
nationwide advisory bulletin to all pipeline operators underscoring the need to plan for and 
mitigate risks related to land-movements and geohazards that pose risks to pipeline 
integrity.17  PHSMA also issued an updated advisory bulletin in June 2022 to address 
hazardous conditions related to pipelines and recommendations to operators. The updated 
advisory is intended to serve as a reminder to owners and operators of gas and hazardous 
liquid pipelines, particularly those with facilities located onshore or in inland waters, about 
the serious safety-related issues that can result from earth movement and other geological 
hazards. Additionally, changing weather patterns due to climate change may result in heavier 
than normal rainfall and increased temperatures causing soil saturation and flooding or soil 
erosion. Either phenomenon may adversely impact the stability of soil surrounding or 
supporting nearby pipeline facilities.18 At this time, as noted above, recently signed SB 905 


 
16 U.S. Department of Transportation, PHMSA, Office of Pipeline Safety. 2022. Failure Investigation Report - 
Denbury Gulf Coast Pipelines, LLC – Pipeline Rupture/ Natural Force Damage. Available: 
https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2022-05/Failure%20Investigation%20Report%20- 
%20Denbury%20Gulf%20Coast%20Pipeline.pdf. Accessed September 2022.  
17 Pipeline and Hazardous Materials Safety Administration. 2022 (May 26). PHMSA Announces New Safety 
Measures to Protect Americans From Carbon Dioxide Pipeline Failures After Satartia, MS Leak. Available: 
https://www.phmsa.dot.gov/news/phmsa-announces-new-safety-measures-protect-americans-carbon-dioxide-
pipeline-failures. Accessed: August 2022.  
18 Mayberry, Alan K. Pipeline Safety: Potential for Damage to Pipeline Facilities Caused by Earth Movement and 
Other Geological Hazards. 87 FR 33576. Available: 
https://www.federalregister.gov/documents/2022/06/02/2022-11791/pipeline-safety-potential-for-damage-to-
pipeline-facilities-caused-by-earth-movement-and-other. Accessed: August 2022. 



https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2022-05/Failure%20Investigation%20Report%20-%20%20Denbury%20Gulf%20Coast%20Pipeline.pdf

https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2022-05/Failure%20Investigation%20Report%20-%20%20Denbury%20Gulf%20Coast%20Pipeline.pdf

https://www.phmsa.dot.gov/news/phmsa-announces-new-safety-measures-protect-americans-carbon-dioxide-pipeline-failures

https://www.phmsa.dot.gov/news/phmsa-announces-new-safety-measures-protect-americans-carbon-dioxide-pipeline-failures

https://www.federalregister.gov/documents/2022/06/02/2022-11791/pipeline-safety-potential-for-damage-to-pipeline-facilities-caused-by-earth-movement-and-other

https://www.federalregister.gov/documents/2022/06/02/2022-11791/pipeline-safety-potential-for-damage-to-pipeline-facilities-caused-by-earth-movement-and-other
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prohibits the transport of CO2 by pipeline until such time that PHSMA updates their Pipeline 
Safety Regulations.19 . 


Master Response 3: Carbon Dioxide Removal and Carbon Capture and Sequestration 
Related Air Quality and Health Concerns 


Several commenters express concern about the use of carbon dioxide removal (CDR) 
strategies and carbon capture and storage (CCS) in the 2022 Scoping Plan. Concerns range 
from viability of current technology and inclusion as part of the state’s climate strategy, to 
potential negative health and air quality impacts, to safety concerns related to potential 
leaks. As described in chapter 4 of the EA, the potential environmental effects of reasonably 
foreseeable compliance responses associated with the 2022 Scoping Plan are analyzed in a 
programmatic manner, given the 2022 Scoping Plan is a high-level statewide planning 
document, and since the measures described in the 2022 Scoping Plan can be characterized 
as one large project. While the EA discloses the types of foreseeable compliance responses, 
the specific location, design, and setting of the potential actions cannot be feasibly known at 
this time, and therefore later activities with environmental effects not examined in the EA 
would be analyzed by the public agency with approval authority as required by CEQA or 
other applicable law. 


As outlined in the 2022 Scoping Plan, the Scoping Plan scenario, as well as the alternative 
scenarios, involve remaining residual GHG emissions in 2045, and therefore all require some 
level of carbon dioxide removal to achieve carbon neutrality. The residual emissions consist 
of some remaining combustion emissions, as well as non-combustion emissions (e.g., HFCs, 
methane, and N2O). There is no scenario where emissions from all sources reduce to zero and 
many state, national, and global decarbonization analyses illustrate the need for carbon 
dioxide removal in the future.20 


 
19 Pipeline and Hazardous Materials Safety Administration. 2020. A Proposed Rule by the Pipeline and 
Hazardous Materials Safety Administration on 02/06/2020. Available: 
https://www.federalregister.gov/documents/2020/02/06/2020-01459/pipeline-safety-valve-installation-and-
minimum-rupture-detection-standards. Accessed: November 2022. 
20 E3. October 2020. Achieving Carbon Neutrality in California Report: Final Presentation. 
https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_presentation_oct2020_2.pdf; World Resources 
Institute. January 31, 2020. CarbonShot: Federal Policy Options for Carbon Removal in the United States. 
Working paper. https://www.wri.org/research/carbonshot-federal-policy-options-carbon-removal-united-states; 
C2ES. No date. Getting to Zero: A U.S. Climate Agenda – Center for Climate and Energy Solutions. 
https://www.c2es.org/getting-to-zero-a-u-s-climate-agenda-report/; IPCC. Climate Change 2022: Mitigation of 
Climate Change – Summary for Policymakers. 
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_SPM.pdf. All global modeled 
pathways that limit warming to 1.5˚C with no or limited overshoot, and those that limit warming to 2˚C, involve 
rapid and deep GHG emission reductions in all sectors with modeled mitigation strategies to achieve these 
reductions include transitioning from fossil fuels without CCS to very low- or zero-carbon energy sources (such 
as renewables or fossil fuels with CCS), improving efficiency, reducing non-CO2 emissions, and deploying 
carbon dioxide removal methods to counterbalance residual GHG emissions. 
 
 



https://www.federalregister.gov/documents/2020/02/06/2020-01459/pipeline-safety-valve-installation-and-minimum-rupture-detection-standards

https://www.federalregister.gov/documents/2020/02/06/2020-01459/pipeline-safety-valve-installation-and-minimum-rupture-detection-standards

https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_SPM.pdf
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CDR is the category of options for removing CO2 from ambient air and sequestering it, and is 
different from CCS. There are two types of carbon dioxide removal: mechanical and nature-
based. Mechanical carbon dioxide removal includes approaches like direct air capture (DAC), 
which relies on chemical scrubbing processes that capture CO2 through absorption as well as 
adsorption separation processes. Other options include rapid mineralization of CO2 at the 
Earth’s surface and bioenergy processes that capture and store carbon from biomass. The 
2022 Scoping Plan relies on both mechanical carbon dioxide removal and nature-based 
solutions (CO2 captured by natural and working lands), to achieve carbon neutrality. 


CCS differs from carbon dioxide removal and is applied to stationary point sources to 
capture CO2 from combustion exhaust and/or process emissions. CCS is not a new 
technology, but has not yet been applied to facilities in California. In the 2022 Scoping Plan, 
CCS is targeted at end-uses that are difficult to decarbonize without capture technology, 
such as cement plants and refineries, and in the electricity sector in 2045 to ensure 
anthropogenic emissions are reduced by at least 85 percent below 1990 levels in 2045, as 
directed by AB 1279. Using CCS at these facilities will address ongoing GHG emissions from 
the remaining California demand for liquid fuels, electricity, and cement in 2045, also while 
helping to minimize emissions leakage risks that could result from uncontrolled production 
leaving California. For cement, electricity generation, and petroleum refineries deploying 
CCS, the 2022 Scoping Plan estimates 25 MMT of CO2 emissions captured and stored using 
CCS in 2045. This number should be considered in the context of the approximately 170 
MMT of CO2e emission reductions in 2045 relative to the Reference Scenario (from fuel 
transition/demand changes and without CCS, CDR, and natural and working lands emissions) 
projected from implementation of the 2022 Scoping Plan. For deployment of CCS, the 2022 
Scoping Plan assumes a 90% capture efficiency on the individual post-combustion gas 
streams where CCS is deployed, which is supported by a number of reports21,22 on CCS 
capture efficiency from operating plants. The capture efficiency for actual projects has been 
documented to be over 90% for real world implementation of CCS as was achieved at the 
Petra Nova facility.23 For refineries and other industrial facilities, there are multiple CO2 
combustion sources (e.g. catalytic cracking units, combined heat and power units, steam 
methane reformers, process emissions, etc.); therefore, the overall facility-wide CO2 
reductions from CCS utilization will likely be closer to 75%. The path to achieving the 2030 
GHG emissions reduction target in the 2017 Scoping Plan does not rely on a role for CCS. 
However, as achieving carbon neutrality was examined in the 2022 Scoping Plan, it became 
evident that for CCS to scale-up and help achieve the 2045 goal, CCS needs to start 
deploying during this decade. Therefore, while the 2030 target does not rely on CCS in this 
decade, achieving the carbon neutrality target by 2045 requires the state to initiate safe and 
reliable CCS projects in this decade to allow time for technology scale-up and for costs to 
decrease after 2030. The initial modeling for the 2022 Scoping Plan had aggressive start 


 
21 https://ccsknowledge.com/pub/Publications/2021Nov_Summary_for_decision%20makers-CCS-LEHIGH-
FINAL%20(2022-05-11).pdf 
22 https://climate.mit.edu/ask-mit/how-efficient-carbon-capture-and-storage 
23 W.A. Parish Post-Combustion CO2 Capture and Sequestration Demonstration Project (Final Technical Report) 
(Technical Report) | OSTI.GOV 



https://ccsknowledge.com/pub/Publications/2021Nov_Summary_for_decision%20makers-CCS-LEHIGH-FINAL%20(2022-05-11).pdf

https://ccsknowledge.com/pub/Publications/2021Nov_Summary_for_decision%20makers-CCS-LEHIGH-FINAL%20(2022-05-11).pdf

https://climate.mit.edu/ask-mit/how-efficient-carbon-capture-and-storage

https://www.osti.gov/biblio/1608572

https://www.osti.gov/biblio/1608572
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times for CCS in the middle of this decade but was updated with CCS deployment delayed 
until the end of this decade to align with longer timeframes needed for permitting. 


Air pollutant emissions associated with use of CCS and mechanical CDR-related reasonably 
foreseeable compliance responses could include long-term operational related effects on air 
quality associated with energy consumption. 


CCS on facilities increases the energy needed at the facility, which is expected to be supplied 
by the same source as the facility energy. CCS-related energy consumption is expected to 
eventually decrease over time at certain source types that may experience decreased 
demand; for example, a refinery with CCS will require less electricity generated from onsite 
natural gas, electricity, and/or other fossil fuels as demand for liquid fuels is reduced. 
Furthermore, as renewables supply a greater portion of electricity demand, existing fossil-
based electricity generation will consume less natural gas and onsite electricity to operate; 
therefore, emissions will be reduced. However, the addition of CCS will require more of 
those energy sources than if the facility was not equipped with CCS. The PATHWAYS model 
calculates annual energy demand by fuel type and sector and accounts for the energy 
needed to support CCS at facilities, with the exception of electrical generation facilities, 
where energy requirements for CCS for electricity generation facilities were not modeled due 
to modeling constraints at the time of passage of Assembly Bill (AB) 1279. As described in 
the 2022 Scoping Plan (see Chapter 3 and Appendix H), the energy required for mechanical 
CDR via direct air capture (DAC) was assumed to be provided by off-grid solar for 
consistency with the carbon neutrality target. 


With respect to air pollution, the EA in Chapter 4, Section 3.b, discusses the longer-term 
operational impacts to air quality reasonably foreseeable from implementation of the 2022 
Scoping Plan. That section of the EA points to the air quality and public health analysis 
conducted for the AB 32 GHG Inventory Sectors, which utilized output from the PATHWAYS 
model to develop spatially and temporally resolved characterizations of pollutant emissions 
for all sectors and existing sources in California including stationary, area, and mobile source 
emissions. The EA explains that the 2022 Scoping Plan will achieve carbon neutrality 
“through a substantial reduction in fossil fuel dependence, while at the same time increasing 
deployment of efficient non-combustion technologies and distribution of clean energy which 
also has criteria pollutant and precursor benefits alongside reducing the exposure of sensitive 
receptors to TAC emissions.” The EA in Chapter 4, Section 3.b also includes a summary 
analysis of the ambient air quality improvement and corresponding health benefits associated 
with the compliance responses for the AB 32 GHG Inventory Sectors. As described above, 
CCS energy use is incorporated into these air quality estimates (see also response to 
comment R19-9 for further discussion on CCS energy use generally). While mechanical CDR 
energy use is modeled off-grid in the 2022 Scoping Plan, it stands to reason that the 
significant reduction in air pollutant emissions from drastic decreases in fossil fuel 
consumption from the 2022 Scoping Plan overall would surpass any increase in indirect 
electricity-related emissions from CDR deployment. In addition, in California, a new or 
modified stationary source, such as a refinery or power plant, that emits air pollutants is 
required to meet certain emission control requirements and obtain preconstruction and 
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operating permits from the local air district where the facility is located. Changes to existing 
equipment changes or installations of new equipment that could affect a facility’s emissions 
such as a retrofit to incorporate CCS are expected to require a permit modification through 
the local air district. This would involve the district preparing an engineering analysis and 
placing conditions in the preconstruction permits to ensure compliance with the 
requirements of federal, State, and local air pollution regulations. Any significant emissions 
increases would be addressed through the air permitting process. 


The EA includes the Governor’s targets for carbon removal in 2030 and 2045. In recognition 
of concerns expressed regarding carbon dioxide removal technologies, the EA contains 
expanded information on CO2 pipeline safety activities within the Hazards and Hazardous 
Materials resource area (please also refer to Master Response 2-Safety of CO2 Pipelines, 
Capture Chemicals, and Geologic Sequestration of CO2). Furthermore, given concerns and 
the importance of building public awareness, recently-chaptered 2022 legislation SB 905 
directs CARB to establish a Carbon Capture, Removal, Utilization, and Storage Program to 
evaluate the efficacy, safety, and viability of carbon capture, utilization, or storage 
technologies and CDR technologies and facilitate the capture and sequestration of carbon 
dioxide from those technologies, where appropriate. The bill requires the program to ensure 
that carbon dioxide capture, removal, and sequestration projects include specified 
components including monitoring activities. In carrying out the program’s objectives, SB 905 
requires that CARB adopt regulations to implement the program and, in developing the 
program, to consult with the Geologic Carbon Sequestration Group, established by the 
California Geological Survey, to provide independent expertise and regulatory guidance, as 
well as identifying high-quality, suitable locations of carbon dioxide injection wells. 


As summarized above, the EA’s conclusion that overall the 2022 Scoping Plan will lead to 
beneficial air quality impacts is appropriate, reasonable, and supported by evidence in the 
record. The overall decline in GHG emissions that will be associated with the programmatic 
project discussed in the EA will be accompanied with co-benefit reductions in criteria and 
toxic pollutants. Moreover, with regard to CDR and CCS projects, specific analysis is not 
required at the programmatic level of this analysis; the record and the structure of state air 
pollution law supports a conclusion that this action will not adversely affect air quality. For 
the purposes of this programmatic analysis, there is substantial evidence that overall air 
pollution benefits will result from implementation of the 2022 Scoping Plan project as a 
whole.  


The Recirculated Draft EA discusses potential impacts of CCS on a range of existing industrial 
facilities in the environmental impacts discussion in Chapter 4. Fossil-fueled electricity 
generation is one such industrial facility type. As such, the following language will be added 
to Table 2-1 in the Final EA: “CCS on some generation by 2045.” 


Master Response 4: Relationship Between the Appendices to the 2022 Scoping Plan and 
the EA 


As explained in the Recirculated Draft EA, Appendices D through F to the 2022 Scoping Plan 
contain guidance that local and state governments may choose to consider in developing 
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and improving their communities reducing vehicle miles traveled, and in reducing emissions 
from buildings. Many of these appendices focus on areas where CARB itself cannot or is not 
imposing particular regulatory requirements, but in which further action to implement actions 
consistent with the 2022 Scoping Plan can and should be taken as part of the discretion of 
other government bodies. Thus, though some actions in the appendices may well be taken, 
they are not foreseeable consequences of the 2022 Scoping Plan itself and are, except as 
noted specifically in this document and the main 2022 Scoping Plan, beyond CARB’s 
immediate control. See Recirculated Draft EA at pages 39-40 for more information. 


Master Response 5: Modelling Assumptions 


Some commenters questioned the modeling undertaken for the Scoping Plan, including 
questioning whether it supports the Proposed Scenario achieving the state’s climate goals.  


The Scoping Plan Scenario is summarized in Tables 2-1 and 2-2 of the 2022 Scoping Plan, as 
well as Tables 2-1 and 2-2 of the Recirculated Draft EA). These tables show the types of 
technologies and energy needed to drastically reduce GHG emissions from the AB 32 
Inventory Sectors. If the Scoping Plan Scenario is fully implemented, the state would also 
achieve the SB 32 2030 target, which was the focus of the 2017 Scoping Plan Update.  


As part of the analysis for the 2022 Scoping Plan, the emissions trajectory for California was 
also updated. This modeling indicates GHG emissions are lower this decade than predicted 
in the previous modeling for the 2017 Scoping Plan Update. The difference in the modeling 
projections is attributable to a number of factors that have occurred since the 2017 Scoping 
Plan Update was published and were therefore unaccounted for, including: 


• Passage of SB 100, requiring a more ambitious Renewables Portfolio Standard in 2030; 


• Implementation of a more stringent Low Carbon Fuel Standard; 


• Passage of SB 596, which requires specific GHG emissions reductions from the cement 
sector; 


• A more stringent, recently-adopted Advanced Clean Cars ll regulation; and 


• Pandemic-related impacts. 


In addition, recent and upcoming policies and regulations will further reduce emissions: 


• In the transportation sector, the ZEV Executive Order N-79-70 has set deadlines to 
transition the sector to zero-emissions, and CARB recently adopted, or will be adopting, 
regulations to meet those targets, including Advanced Clean Cars II, Advanced Clean Trucks, 
Advanced Clean Fleets, Ocean-Going Vessels, and Commercial Harbor Craft regulations. The 
GHG emissions reductions that will be achieved by 2030 under these and other 
transportation-related regulations will play an important role in meeting the 2030 target. 
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• The investments that the State is making in zero-emission vehicles and related 
infrastructure (a combined $10 billion between last year's Budget and this year's proposed 
Budget) will accelerate development and adoption of zero-emission transportation. 


• Other recent policies will drive emissions reductions beyond the transportation sector. For 
example, the Short-Lived Climate Pollutant Reduction Strategy maps out strategies to 
achieve specific reductions in methane, hydrofluorocarbons, and anthropogenic black 
carbon. 


The impact of many of these policies, regulations, and investments are not yet reflected in 
the AB 32 emissions inventory because they have only recently come into effect or are still in 
development, but their effects will begin to materialize in the inventory in the coming years. 
As acknowledged in the Scoping Plan, there remain uncertainties that it will be important to 
track as the state implements the strategy to achieve the 2030 target. Success also requires 
key actions outside the jurisdiction of State government, such as local siting and permitting 
decisions. The annual GHG emissions inventory24 along with the new climate dashboard on 
energy and clean technology deployment will play a role in tracking GHG emissions 
reduction progress. All of these recent actions and broader economic conditions affect the 
role the Cap-and-Trade Program will play in meeting the 2030 target. Importantly, as 
provided in the modeling for the uncertainty analysis, delays in clean technology and energy 
deployment will impact the state’s ability to meet the 2030 SB 32 target.  


Master Response 6: Refining for Export and Associated Emissions 


Some commenters expressed concern about GHG and co-pollutant increases associated with 
refining of liquid fuels for export (both petroleum fuels and renewable diesel and diesel 
biofuel) in communities near California refineries, that demand reduction measures absent 
direct refinery measures have the potential to increase cross-border GHG emissions more 
than they would decrease in-state emissions, and that there will be emissions impacts from 
the growth of diesel biofuel that fails to replace petroleum distillate fuel. 


Implementation of the Scoping Plan Scenario would not result in increased petroleum 
extraction or petroleum refining, and it would not increase overall volumes of finished fuel 
exports. The 2022 Scoping Plan does not direct any increased refining of petroleum products 
for purposes of exporting those finished fuels out of California as in-State demand declines, 
and therefore does not call for a net increase in liquid fuels. In fact, the successful 
implementation of actions called for in the Scoping Plan Scenario would result in a decline in 
liquid petroleum fuel consumption of 94 percent from 2022 to 2045, as well as a reduction in 


 
24 CARB. Current California GHG Emission Inventory Data. https://ww2.arb.ca.gov/ghg-inventory-data 
 
 



https://ww2.arb.ca.gov/ghg-inventory-data
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total liquid fuel consumption (e.g., petroleum, renewable diesel, sustainable aviation fuel) of 
85 percent from 2022 to 2045.25  


With respect to upstream fuel production activities, the 2022 Scoping Plan would result in a 
substantial phase-down of oil and gas extraction, which comprises over half of California’s 
industrial GHG emissions, in line with demand for finished fossil fuels (gasoline, diesel, and jet 
fuel) in 2045. Remaining residual demand is primarily for transportation, including sectors 
that are directly regulated by the State and some that are subject to federal jurisdiction. With 
successful deployment of zero carbon fuels and non-combustion technology to phase down 
petroleum demand, GHG emissions from oil and gas extraction could be reduced by about 
89 percent from 2022 to 2045 if extraction decreases with in-State finished fuel demand.  


As described in the 2022 Scoping Plan, CEC data shows that total oil extracted in California 
peaked at 402 million barrels in 1986; since then, California crude oil production has 
decreased an average of 6 million barrels per year to about 200 million barrels in 2020. This 
decreasing crude production in California is expected to continue as State oil fields are 
depleted.26 Furthermore, a report from U.C. Santa Barbara estimates that California oil field 
production would decrease to 97 million barrels in 2045 under business-as-usual conditions, 
which assumed no additional regulations limiting oil extraction in California.27  


In the Scoping Plan Scenario, a phasedown of refining activity was modeled in line with 
petroleum demand. Meeting petroleum demand means sufficient availability of finished fuel. 
Crude is processed at in-State refineries to produce finished fuel. The Scoping Plan Scenario 
results in California petroleum refining emissions of 4.5 MMTCO2e in 2045 – a reduction of 
about 85 percent relative to 2022 levels, which is in line with the decline in in-State finished 
fuel demand. In addition, reduced demand for transportation fossil fuels corresponds to 
reduced supply of fossil gas and other gaseous fossil fuels for refineries to produce these 
fuels. Fossil gas (natural gas and refinery/process gas) in the Scoping Plan Scenario is 
reduced by 78 percent from 2022 to 2045. 


The actions and outcomes in the 2022 Scoping Plan will reduce petroleum consumption and 
demand by transitioning to zero emissions technologies and clean fuels. Overall finished fuel 
production rates are limited by refinery equipment capacity and local air district permit 
conditions. As in-State demand declines, the ratio of petroleum exported versus consumed 
in-State may adjust, but overall production is inherently limited by existing capacity and 
permitting constraints, and the purpose and effect of the 2022 Scoping Plan would be to 
reduce petroleum consumption and demand. As the 2022 Scoping Plan does not call for a 


 
25 See AB 32 GHG Inventory Sectors Modeling Data Spreadsheet for energy demand categories and electric 
sector combusted fuels, https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx 
26 https://www.energy.ca.gov/data-reports/energy-almanac/californias-petroleum-market/oil-supply-sources-
california-refineries 
27 University of California, Santa Barbara. 2021. Enhancing Equity While Eliminating Emissions in California’s 
Supply of Transportation Fuels. 
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net increase in liquid fuels, net beneficial impacts are expected and there is no additional 
GHG emissions impact associated with finished fuel exports.  


Similar net air quality benefits from reduced petroleum consumption will be realized. 
Regarding associated air pollutant emissions, the EA in Section 3.b discusses the reasonably 
foreseeable longer-term operational impacts to air quality from implementation of the 2022 
Scoping Plan. That section of the EA points to the air quality and public health analysis 
conducted for the AB 32 GHG Inventory Sectors. That analysis used an integrated modeling 
approach to characterize and quantify the ambient air quality and public health impacts of 
the Scoping Plan Scenario relative to the Reference Scenario to provide insight into the co-
benefits that could be achieved from implementation of the 2022 Scoping Plan. The baseline 
pollutant emissions represent a highly detailed inventory that includes emissions by sector 
and source, which are grown and controlled to 2045 using output from the PATHWAYS 
model for technologies, fuels, and energy demand by AB 32 GHG Inventory Sectors. Existing 
sources/facilities (such as refineries) were included, though no major functional changes to 
existing sources were assumed given uncertainty associated with the siting and activity of 
novel emission sources. This means that refineries that convert from producing liquid 
petroleum fuels to producing renewable diesel and/or sustainable aviation fuels (SAF) were 
assumed to have air pollutant emission factors equivalent to prior petroleum fuel production, 
and renewable diesel and SAF combustion in stationary and/or mobile sources was treated 
the same as petroleum diesel combustion. Regardless, as explained in the 2022 Scoping 
Plan, carbon neutrality will be achieved through a substantial reduction in fossil fuel 
dependence, while at the same time increasing deployment of efficient non-combustion 
technologies and distribution of clean energy which also has criteria pollutant and precursor 
benefits alongside reducing the exposure of sensitive receptors to toxic air contaminant 
emissions.  


As shown in the EA’s air quality section, the air quality analysis modeling results show the 
overall reduction in fossil fuels would produce significant reductions in NOx, PM2.5, and 
ROG translating into ambient air quality improvement and corresponding health benefits 
associated with the compliance responses for the AB 32 GHG Inventory Sectors. Emissions 
reductions associated with reduced vehicular emissions occur throughout the state with 
particular prominence in urban areas due to large presence and activity of emissions sources 
(vehicles). Furthermore, the associated health benefits from the Scoping Plan Scenario are 
significant and will also accrue within socially and economically disadvantaged communities 
as identified by CalEnviroScreen. As described in Chapter 3 of the 2022 Scoping Plan, about 
30 percent of health benefits representing the economic value of the avoided incidence of 
health effects in the Scoping Plan Scenario are associated with census tracts identified as 
disadvantaged communities. These benefits reach $22 billion in 2035 and $61 billion in 2045 
(compared to statewide totals of $78 billion in 2035 and $199 billion in 2045). As also 
discussed in the EA, mitigation measures required to avoid and/or minimize impacts on air 
quality at the individual facility project level typically fall under local agency jurisdiction. 
These mitigation measures routinely encompass: requirements that proponents of new or 
modified facilities coordinate with State or local land use agencies to seek entitlements for 
development including completion of necessary environmental review requirements (e.g., 
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CEQA) and implementation of all feasible mitigation to reduce or substantially lessen 
potentially significant air quality impacts of a project; compliance with all appropriate air 
quality permits; and compliance with applicable provisions of the federal Clean Air Act and 
the California Clean Air Act (e.g., New Source Review and Best Available Control Technology 
criteria).  


In order to realize the decline in liquid petroleum fuel consumption in the Scoping Plan 
Scenario, the 2022 Scoping Plan acknowledges that California is currently a net exporter of 
gasoline, diesel, and jet fuel. Therefore, in managing the phasedown of oil and gas extraction 
and petroleum refining in California going forward, exports of finished fuels must be 
considered. As stated in the 2022 Scoping Plan, the authorities and considerations related to 
supply and demand of petroleum fuels span federal, state, and local agencies, so a multi-
agency discussion is needed to evaluate and plan for the transition and support the decline 
of the supply of fossil fuels along with demand. 


B. Individual Comments and Responses on the First Draft Environmental Analysis 


Comment Letter 2 


5/11/2022 Thomas Becker, T. Becker Power Systems 


2-1: The commenter states, “This is the first of 2 comment letters I will be submitting on the 
Draft 2022 Climate Change Scoping Plan. 


I request CARB staff reply to the following itemized comments, as required by CEQA and all 
applicable state and federal statutes, rules and regulations pertaining to response to public 
comments. 


1A1) Any motor vehicle emission and/or fuel mileage standard proposed by the state under 
the state’s U.S EPA emission waiver must be demonstrated by the state to be ‘needed’ by 
the state to meet federal air quality standards. 


2A2) the state does not ‘need’ to reduce motor vehicle emissions beyond the standards set 
during the Trump Administration to meet federal air quality standards. 


3A3) The state must demonstrate that it has exhausted all other emission reduction options 
available to the state before the state can impose motor vehicle emission standards stricter 
that U.S EPA standards. 


4A4) The state can meet federal air quality standards by reducing VMT in the state by 50% 
from a 2014 baseline by 2040. This VMT reduction eliminates the ‘need’ for the motor vehicle 
emission standards proposed in both this Plan and the Clean Car II regulation. 


5A5) It would be a violation of federal law if the state implemented motor vehicle emission 
standards that are stricter than federal standards if the state failed to implement a 50% VMT 
reducing strategy in lieu of stricter motor vehicle emission standards. 
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6A6) AS part of the proposed Draft 2022 Climate Change Plan, the State should implement a 
50% VMT reduction from a 2014 baseline by 2040, instead of the proposed 22% reduction 
from a 2019 baseline. 


Response: The commenter requests a response to their comments. In regards to 
requirements for responses to CEQA comments, CARB’s CRP regulations state: 


California Code of Regulations, title 17, Section 60004.2(b)(3). Response to Public 
Comment  


CARB shall evaluate comments on environmental issues received during the 
noticed comment period and shall respond as follows:  


(A) Comments received during the noticed public comment period 
regarding environmental impacts that may result from the proposed 
project shall be considered, and a written response shall be prepared 
where required by section 15088 of title 14 of the California Code of 
Regulations.  


(B) CARB may, but is not required to, respond to late comments made 
outside the noticed comment period.  


(C) When responding to a comment raising significant environmental 
impacts from a public agency, a written proposed response shall be 
provided to that agency at least 10 days prior to certifying an 
Environmental Impact Analysis.  


(D) The response to comment may be prepared in the form of (1) a 
revision to the draft Environmental Impact Analysis, (2) a separate section 
in or attachment to the Final Environmental Impact Analysis, or (3) a 
separate response to comments document.  


(E) The response to comment shall include the following: 


1. Comments and recommendations concerning significant 
environmental issues received during the noticed public review 
period on the draft Environmental Impact Analysis, either verbatim 
or in summary; 


2. A list of persons, organizations, and public agencies 
commenting on the draft Environmental Impact Analysis during 
the noticed public review period; and 


3. The responses to significant environmental issues raised during 
the noticed public review period. 
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The comment raises policy recommendations for modifying the Scoping Plan’s goals.  CARB 
staff have taken the commenter’s policy recommendations into consideration.  The comment 
does not otherwise raise significant environmental issues related to the 2022 Scoping Plan or 
any issues related to the adequacy, accuracy, or completeness of the First Draft EA, therefore 
no further response is required. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 18 


5/23/2022 Dawn Durfee 


18-1: The commenter states, “- Electric Cars still negatively affect the environment.  I think 
people in the city believe that electricity is delivered nightly to their homes via the electricity 
fairy.  Energy consumption for electric cars is not passive!!  We have an entire state that 
depends upon hydroelectric power and plants that dam waterways that negatively affect our 
wildlife in Northern CA.  Our poor fish and birds struggle to migrate.  Converting the entire 
state will only increase this damage and our massive human footprint in our forests.  Also, 
what about electric car parts and the lack of ability to recycle??” 


Response: The comment notes that energy consumption for electric vehicles has 
environmental consequences, including impacts on wildlife. Impacts to biological resources 
related to renewable energy project is discussed in Section 4.B.4.a, “Increase in Renewable 
Energy and Decrease in Oil and Gas Use Actions.” Impacts to biological resources related to 
expanded electrical infrastructure is addresses in Section 4.B.4.c, “Expansion of Electrical 
Infrastructure Actions.” The comment does not raise specific issues related to the adequacy, 
accuracy, or completeness of the First Draft EA and no further response is required.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 24 


5/24/2022 Rhoads Stephenson 


24-1: The commenter states, “c. Which actions require a CEQA EIR to move forward? What 
is the schedule for starting and finishing each required EIR?” 
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Response: Please refer to Master Response 1. Actions that may require a CEQA document to 
move forward would consist of projects (see CEQA Guidelines §15378) where a lead agency 
has discretionary authority to approve a project (see CEQA Guidelines §15357), and the 
project has the potential to result in a physical change in the environment. It would be 
speculative to predict decisions by other entities regarding the specific location and design 
of new or modified facilities that may be undertaken to implement measures in the 2022 
Scoping Plan. Given the lack of specificity of the measures, the influence of other business 
and market considerations, and the numerous locations where facilities might be built, it is 
impossible to predict location-specific effects with precision at this stage. Specific 
development projects undertaken to implement recommended measures in the 2022 
Scoping Plan would undergo required project-level environmental review and compliance 
processes when they are proposed. The schedule for any CEQA documents depends upon 
the specified timing of any regulations and/or implementation measures and is further 
subject to each lead agency’s CEQA processes, which may be dictated by a number of 
factors. The comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the First Draft EA and no further response is required. No changes to the 
First Draft EA are required in response to this comment. 


24-2: The commenter states, “d. Have you identified a lead State agency for each of the 
actions?” 


Response: The lead agency for specific follow-up regulatory actions that CARB or other 
agencies may decide to pursue to reduce GHG emissions or any environmental reviews 
carried out for reasonably foreseeable, specific projects by various entities to comply with 
regulations or policies in the plan, may vary depending upon the action. Given the lack of 
specificity of the measures, the influence of other business and market considerations, and 
the numerous locations where facilities might be built, it is impossible to predict location-
specific effects with precision at this stage. Specific development projects undertaken to 
implement recommended measures in the 2022 Scoping Plan would undergo required 
project-level environmental review and compliance processes when they are proposed. 
Public Resources Code § 21067 states that “Lead agency” means the public agency which 
has the principal responsibility for carrying out or approving a project which may have a 
significant effect upon the environment. The lead agency could be CARB, another state 
agency, local agencies, special districts, or any other public agency that has discretionary 
authority over the implementation of a project. The comment does not raise an issue related 
to the adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter 26 


5/25/2022 Catherine Turman 


26-1: The commenter states, “I am opposed to electric cars with batteries that are toxic to 
the environment if burned in an accident or expended.” 


Response: The commenter provides an opinion in opposition to electric cars and suggests 
that electric cars with batteries are toxic to the environment if burned in an accident or 
expended. No specific environmental issues are raised as to the adequacy of the 
environmental impact analysis. No changes to the First Draft EA are required in response to 
this comment. 


26-2: The commenter states, “Wind power is the same. These machines use a lot of oil to 
run. This oil must be replaced often. The blades must be buried as toxic material. 


Response: The commenter provides an opinion in opposition to wind power and suggests 
that wind machines use a lot of oil to run, which must be replaced often, as well as 
generating toxic material from the blades that must be buried. No specific environmental 
issues are raised as to the adequacy of the environmental impact analysis. No changes to the 
First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 27 


5/23/2022 Gary Latshaw, Securethefuture2100 


27-1: The commenter states, “The GHG emission factors used do not account for the serious 
leakage of natural gas associated with natural gas combustion. The emission factors used in 
the CAP appear to be based on the simple assumption that each molecule of methane (the 
primary component of natural gas) combusts and forms one molecule of carbon dioxide and 
two molecules of water. umber based on the simple assumptions.   


Unfortunately, there is substantial leakage associated with the use of natural gas and that 
leakage has not been accounted for in the emission factor used in the Draft CAP.” 


Response: The comment addresses a Draft CAP, and does not appear to be related to the 
project. The proposed project would not increase the combustion of natural gas, and indeed 
is designed to result in large reductions in fossil natural gas use. The comment does not raise 
an issue related to the adequacy, accuracy, or completeness of the First Draft EA and no 
further response is required. 
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Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 50 


6/7/2022 Thomas Becker, T. Becker Power Systems 


50-1: The commenter states, “AAA) I am submitting the following alternative to the 
Advanced Clean Car II regulation portion of the Draft Scoping Plan. 


- establish a "closed loop" renewable liquid fuel standard in the state of 25% content "closed 
loop" renewable fuel by 2030 and 50% content "closed loop" renewable fuel by 2040.  
- Reduce statewide VMT from a 2014 baseline by 25% by 2030 and 50% by 2040. 
-Reduce Port of Los Angeles/Long Beach activity (tonnage) by 75% from a  2019 baseline. 
The above alternative provides far greater environmental protection than the Advanced 
Clean Car II regulation. The above alternative should be analyzed for the following reductions 
in emissions and compared to reductions achieved by the ACC II regulation: 
- Reduced emissions from mobile sources directly achieved inside the state. 
- Reduced GHG emissions achieved by reduced shipping operations. 
-Reduced GHG emissions by transferring manufacturing from China to the United States. 
Points to the above alternative: 
- The Ports of Los Angeles/ Long Beach are owned by the respective cities. Those cities have 
every right and power to limit activity at their ports. 
- GHG emissions from manufacturing any given item in the U.S are far less than GHG 
emissions from manufacturing the same item in China. 
- The above alternative to the ACC II regulation will have a far less impact to other states 
than the ACC II regulation. This is because the ACC II regulation will impact the design, price, 
safety and utility of motor vehicles sold throughout the U.S., to the detriment of consumers 
in other states that do not want their motor vehicle designs, prices, safety or utility influenced 
by the ACC II regulation. 


CARB is required by CEQA to prepare an analysis of the above environmentally superior 
alternative. It is also unlawful for CARB to implement any motor vehicle emission standard 
that is more stringent than federal standards without first exhausting all emission reduction 
options available to the state, such as the emission reduction strategies proposed in the 
above alternative.”  


Response: As required by Section 60004.2 of CARB’s Certified Regulatory Program, the 
Environmental Impact Analysis is consistent with Section 15126.6 (c) of the CEQA Guidelines 
and addresses the selection of a range of reasonable alternatives. Section 15126.6 (c) states:  


The range of potential alternatives to a proposed project shall include those that could 
feasibly accomplish most of the basic objectives of the project and could avoid or 
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substantially lessen one or more of the significant effects. The EIR should briefly 
describe the rationale for selecting the alternatives to be discussed. The EIR should 
also identify any alternatives that were considered by the lead agency but were 
rejected as infeasible during the scoping process and briefly explain the reasons 
underlying the lead agency’s determination. Additional information explaining the 
choice of alternatives may be included in the administrative record. Among the factors 
that may be used to eliminate alternatives from detailed consideration in an EIR are: (i) 
failure to meet most of the basic project objectives, (ii) infeasibility, or (iii) inability to 
avoid significant environmental impacts. 


CARB followed these guidelines in preparing Chapter 7 of the First Draft EA. While the 
comment contains a suggested alternative related to a component of the 2022 Scoping Plan 
(i.e., the Advanced Clean Cars II regulation), it does not indicate how significant 
environmental effects would be reduced or eliminated through its implementation. The First 
Draft EA contains a range of reasonable alternatives sufficient to inform the Board’s decision 
on the 2022 Scoping Plan. It need not evaluate every variation of individual components of 
the plan. Evaluating a modification of one piece of the 2022 Scoping Plan can also be 
misleading, because it does not involve an alternative to the whole of the project description. 
Thus, it is not necessary nor warranted to evaluate the alternative feature raised in the 
comment. 


Chapter 7 of the First Draft EA contains a table that shows how each alternative analyzed 
would affect implementation of the actions in the 2022 Scoping Plan (see Table 7-1 in the 
First Draft EA). As noted in the text above Table 7-1, the fundamental “actions associated 
with the 2022 Scoping Plan and plan alternatives would be the same. Differences among the 
alternatives would be related to the degree to which individual actions are implemented.” 
For each alternative examined, an analysis of the environmental impacts is provided to 
compare the relative extent to which environmental impacts would occur. While the 
commenter is correct that the State CEQA Guidelines contain a requirement to identify the 
environmentally superior alternative (CEQA Guidelines Section 15126.6), this requirement is 
not included in CARB’s certified regulatory program and is therefore not necessary to 
address within the First Draft EA for the 2022 Scoping Plan. It is also worth noting that the 
fundamental purpose of the 2022 Scoping Plan is to benefit the environment; the 
“environmentally superior alternative” concept is therefore of limited relevance to a 
statewide plan to address a major environmental issue (climate change). 


The commenter also does not substantiate their claims about the alternatives suggested, and 
does not explain what some of their components entail. For example, it is not clear what a 
“closed loop” renewable liquid fuel standard is. It is not clear how the commenter believes 
CARB could reduce port activity by 75%; it is unlikely such a measure is feasible. The 
commenter also does not provide evidence to support the claimed benefits of the suggested 
alternative.  


Regarding the VMT-related component of the commenter’s suggested alternative, CARB 
notes that the 2022 Scoping Plan has been revised to reflect deeper targets for VMT 
reductions; see Recirculated Draft EA at Table 2-1. 
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The suggested alternative would also raise various legal and policy concerns. For example, 
AB 32 requires that policies in the 2022 Scoping Plan are cost-effective with flexible 
compliance options and directs CARB to facilitate sub-national and national collaboration. It 
is unclear how the suggested alternative would meet this cost-effectiveness criterion.   


Finally, CARB notes that the commenter’s suggested alternative would not meet most of the 
basic project objectives (see CEQA Guidelines Section 15126.6 (c).) For example, it does not 
appear that the alternative would increase renewable energy generation (Objective 3), or 
achieve the energy savings goals (Objective 4), vehicle electrification goals (Objective 5), 
carbon removal goals (Objectives 8, 9), or otherwise achieve the maximum technologically 
feasible and cost-effective GHG reductions as required by law (Objectives 1, 13). CARB must 
consider both the predicted environmental outcomes and feasibility factors of the 
alternatives to determine which to approve to achieve the 2022 Scoping Plan objectives.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. The comments are noted and have been 
provided to the Board members for their consideration. 


Comment Letter 56 


6/10/2022 Dean Wallraff, Advocates for the Environment 


56-1: The commenter states, “I agree that local action is important. As a CEQA attorney who 
frequently litigates GHG-emissions issues, I often see Environmental Impact Reports (EIRs) 
and Mitigated Negative Declarations (MNDs) that do not take greenhouse-gas (GHG) 
reduction efforts seriously. Project proponents create analyses showing their projects’ GHG 
emissions are not significant, so they don’t need to be mitigation. Often, such analyses state, 
in essence, that the State of California’s climate regulations are expected to be so effective 
that changes in the project are not needed in order for the State to meet its climate goals. 
Local governments usually do not push back against such claims, allowing projects with 
significant GHG emissions to go forward with little or no mitigation.” 


Response: CARB appreciates the commenter’s input regarding GHG impact analysis under 
CEQA, and agrees that practitioners could use more guidance on this topic. Appendix D to 
the 2022 Scoping Plan provides some guidance to help agencies consider the GHG effects of 
proposed projects, and to undertake local GHG reduction efforts that complement the goals 
of the 2022 Scoping Plan. The comment does not raise an issue related to the adequacy, 
accuracy, or completeness of the First Draft EA itself, and no further response is required. No 
changes to the First Draft EA are required in response to this comment. 


56-2: The commenter states, “Appendix D, in a section titled “Net Zero May be Appropriate 
for Some Projects” (p. 12), touts Newhall Ranch and Tejon Ranch’s Centennial project as 
prime examples of net-zero GHG reduction. CEQA litigation achieved both of these results.  
In both cases, courts found substantial legal deficiencies in the EIRs’ GHG analyses: EIRs in 
both cases declared that the respective projects’ GHG emissions were insignificant under 
CEQA. This finding made no sense for two of the largest mixed-use development projects in 
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California, both including approximately 20,000 homes. After courts invalidated the EIRs 
based on these analyses, the project developers settled with the environmental community, 
and the settlements resulted in the projects becoming net-zero. 


I have litigated several other CEQA cases that resulted in substantial improvements in the 
GHG mitigation required. CEQA is a very important tool in California’s fight against global 
heating.” 


Response: CARB agrees with the commenter’s statement that CEQA is an important tool in 
the fight against global warming, as also noted in Scoping Plan Appendix D. CARB also 
agrees that the Newhall and Tejon Ranch GHG reduction strategies were the result of hard-
fought litigation, and that those projects did not initially propose to mitigate their actual 
GHG impacts. The comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the First Draft EA for the 2022 Scoping Plan and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 


56-3: The commenter states, “My legal practice focuses on CEQA analysis of GHG impacts. I 
review dozens of MNDs and EIRs every year, and 90% of them do not comply with CEQA. 
They contrive to wrongly find that the project’s GHG emissions are not significant, or, where 
they admit that impacts are significant, they require much less mitigation than the fair share 
that CEQA requires. Most of these CEQA documents are prepared by consultants working 
for developers, and developers want to save money by minimizing GHG mitigation. But these 
documents are approved by the local agencies (cities and counties) and supposedly reflect 
the independent judgment of those agencies.  


Appendix D should suggest that cities and counties should be more vigilant in requiring GHG 
analysis that meets CEQA’s requirements, and that local governments should push for more 
GHG mitigation where they have the legal authority to do so. This could result in significant 
GHG emissions reductions statewide.  


Appendix D discusses Climate Action Plans (CAPs) prepared by local governments on pages 
3-5. These CAPs can have either positive or negative effects. If they are too lenient, they can 
make it easy for local development projects to evade CEQA’s requirements for reducing 
GHG emissions because EIRs can use consistency with the local CAP as the single threshold 
of significance under CEQA. It happens fairly frequently that MNDs and EIRs use compliance 
with a CAP checklist as the basis for a determination that a Project does not have significant 
GHG emissions. This is fine if the checklist is sufficiently rigorous, but many times it gives a 
pass to projects whose emissions are really significant.  


I therefore request that Appendix D be modified to recommend that CAPs have stringent 
requirements not only for the local agencies adopting them, but also for projects that are 
approved based on their requirements.” 


Response: CARB thanks the commenter for their perspectives regarding the role of CAPs in 
CEQA analysis and mitigation. The comment does not raise an issue related to the adequacy, 
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accuracy, or completeness of the First Draft EA and no further response is required. No 
changes to the First Draft EA are required in response to this comment. 


56-4: The commenter states, “According to the recent IPCC Working Group III Report,1 
buildings account for 21% of global GHG emissions. (p. 9-4.) Title 24 building standards are 
the State’s primary vehicle for improving GHG efficiency of buildings; local requirements 
provide the other main vehicle, and CEQA is the law that pushes developers and local 
governments to reduce their climate impacts.  


As Appendix D admits, only about 3% of land-use entitlements are litigated under CEQA. 
Opponents of CEQA frequently argue that it is a major impediment to the production of new 
housing in California. Appendix D contains a lot of anti-CEQA rhetoric, which is inappropriate 
in a document focused on reducing GHG emissions.   


Appendix D complains that CEQA is an impediment, used to “slow or stop projects without 
advancing legitimate environmental goals.” (p. 6.) The CEQA process may be abused 
sometimes but, as discussed above, CEQA litigation frequently results in GHG reductions for 
local development projects. Appendix D states that two-thirds of CEQA lawsuits involve 
GHG or VMT-related claims. One reason for this is that attorneys usually include all colorable 
CEQA claims in their lawsuits because it increases their chances of winning. Even cases where 
the main issues are biological (e.g. harm to an endangered species) are likely to include a 
GHG claim, if such a claim is viable. And VMT claims are not GHG claims; deficiencies in a 
CEQA VMT analysis may or may not be the basis for a claim that GHG analysis is inadequate. 
So, even if two-thirds of CEQA lawsuits contain GHG and VMT claims, a much smaller subset 
of them is won based on GHG claims. Such wins serve an important purpose: to remind local 
governments and developers of their responsibility for reducing GHG emissions as much as 
possible.  


Appendix D is supposed to be focused on reducing GHG emissions, not on how to produce 
more housing in California. After all, producing more housing increases GHG emissions; slow 
growth is generally beneficial for the environment, and the population of the state is 
declining, so perhaps it doesn’t need as much housing as it has planned for. CARB should 
not be advocating the reduction of CEQA oversight for housing, and the language bashing 
CEQA for its role in making it more difficult to produce housing should be removed. The 
language about displacement and gentrification on pages 8 and 9 is also out of place in this 
report. There is too much discussion of housing and too little discussion of other types of 
GHG-intensive projects in this document.” 


Response: CARB thanks the commenter for their comments regarding CEQA litigation and 
housing-related considerations. Regarding the commenter’s statement that more housing 
would increase GHG emissions, CARB notes that this depends heavily on the way housing 
development is planned. Part of the goal of Appendix D is to suggest one potential way to 
develop housing without increasing GHG emissions. The 2022 Scoping Plan does not cause 
nor prevent housing development; rather, it provides guidance on ways to help address the 
state’s housing crisis while avoiding significant climate impacts. 
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The remainder of the comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the First Draft EA and no further response is required. No changes to the 
First Draft EA are required in response to this comment. 


56-5: The commenter states, “The section on Project Attributes that Reduce GHGs, on pages 
10-12, does identify attributes that reduce GHG emissions from housing projects. I take 
exception with the statement that projects with these attributes would not present significant 
GHG impacts under CEQA. There may be project-specific circumstances where projects with 
these attributes have significant climate impacts. For example, the third bullet point would 
allow redevelopment of previously developed, underutilized land presently served by 
existing utilities and essential public services, but that requirement would not preclude a 
sprawl project that would greatly increase VMT. And most infill projects with these 
characteristics are already exempt from CEQA under Guidelines § 15332.” 


Response: CARB notes that the project attribute-based approach to which the commenter 
refers involves consistency with a list of attributes, not just a single one (for example, the 
third one referenced by the commenter), and Appendix D also states that its 
recommendations “are recommendations...and are not requirements…[and] do not supplant 
lead agencies’ discretion to develop their own evidence-based approaches for determining 
whether a project would have a potentially significant impact on GHG emissions.” CARB 
disagrees that this attribute-based approach has the potential to streamline so-called 
“sprawl” housing development, since such development would likely fail to be consistent 
with at least one of the suggested attributes. The comment does not raise an issue related to 
the adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 


56-6: The commenter states, “I have reviewed many MNDs and EIRs that have used Air 
District-Adopted Threshold of Significance for GHG emissions, but there is usually a 
significant flaw: the air districts typically adopt CEQA significance thresholds for their own 
use when they are the lead agency on projects. When they adopt a single, numeric threshold, 
such as 3,000 MTCO2e/year, the basis for that figure is often that it will result in EIRs for 
projects causing 90% of the GHG emissions, i.e. the bigger projects. This is an example of 
the so-called 80/20 rule, where 20% of the projects are responsible for 80% of the emissions. 
The problem is that the types of projects for which air district are lead agency—their own 
rulemaking, or permits awarded by the air district—are very different from the mix of projects 
subject to approval by local governments. Air districts could use the same approach to 
develop CEQA GHG thresholds to be used for development projects in their districts, for 
which they would not be the lead agency, but they would need to examine the mix of 
projects and the spectrum of GHG emissions levels to develop a numeric threshold that 
would capture a certain percentage of the projects, requiring an EIR, and excuse the 
remainder of the projects as being below their numeric threshold. The Air District-Adopted 
Threshold of Significance section of Appendix D should be updated to propose this 
methodology, and to deprecate the use of inappropriate air-district standards in non air-
district EIRs and MNDs.” 
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Response: CARB thanks the commenter for their comments regarding air district-adopted 
thresholds of significance for GHG emissions. The comment does not raise an issue related to 
the adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 137 


6/14/2022 Kenneth Johnson 


137-1: The commenter states, “The following questions pertain to CARB’s implementation of 
Sections 38566 and 38562(b)(1) of the Health and Safety Code through its existing and 
proposed regulations including those proposed in the Draft 2022 Scoping Plan and the Draft 
Environmental Analysis.  


Section 38566 provides that “In adopting rules and regulations to achieve the maximum 
technologically feasible and cost-effective greenhouse gas emissions reductions authorized 
by this division, the state board shall ensure that statewide greenhouse gas emissions are 
reduced to at least 40 percent below the statewide greenhouse gas emissions limit no later 
than December 31, 2030.” (This provision is paraphrased in the first Project Objective stated 
in the Draft Environmental Analysis.)  


Question 1: According to CARB’s interpretation of HSC-38566, does the qualifier 
“maximum” apply to statewide greenhouse gas reductions, and does the qualifier have 
actionable meaning? 


Question 2: Does CARB recognize any statutory requirement to attain GHG emissions 
reductions significantly more than 40 percent below the HSC-38566 statewide limit by 2030, 
to the extent that such further reductions are technologically feasible and cost-effective?  


Question 3: Has CARB made any determination of whether GHG emissions reductions 
significantly more than 40 percent below the HSC-38566 statewide limit by 2030 could 
potentially be feasible and cost-effective, and if so, what was the result of such 
determination?  


Question 4: Has CARB enacted or proposed any specific regulatory measures to incentivize 
feasible and cost-effective emissions reductions significantly more than 40 percent below the 
HSC-38566 statewide limit by 2030? “ 


Response: While the commenter mentions the First Draft EA and points to one of the Project 
Objectives included in the EA, the rest of the comment does not specifically pertain to the 
EA or raise significant environmental issues with the proposed project. The comment does 
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not address the adequacy, accuracy, or completeness of the First Draft EA and no changes to 
the First Draft EA are required to respond to the comment. 


137-2: The commenter states, “Section 38562(b)(1) provides that the state board shall 
“Design the regulations, including distribution of emissions allowances where appropriate, in 
a manner that is equitable, seeks to minimize costs and maximize the total benefits to 
California, and encourages early action to reduce greenhouse gas emissions.” (This provision 
is not expressly reflected in the stated Project Objectives of the Draft Environmental 
Analysis.)“ 


Response: CARB thanks the commenter for their comment. CARB’s Scoping Plans are 
developed to achieve a wide array of objectives, including statutory ones, though not all of 
them are expressly reflected in the project objectives section of CARB’s environmental 
analyses. CEQA does not require every possible objective of a project to be included in the 
list of project objectives in a CEQA document. The comment does not raise an issue related 
to the adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 166 


6/17/2022 Ann Alexander, Natural Resources Defense Council 


166-1: The commenter states, “We are concerned first, that the Draft Plan reflects unjustified 
optimism in the ability of carbon capture and sequestration (CCS) to address emissions from 
petroleum refineries.  A more genuinely sustainable approach would be to plan in more 
concrete terms for the phaseout of refining capacity.” 


Response: Please refer to Master Response 3. 


166-2: The commenter states, “Second, and similarly, the Draft Plan puts undue reliance in 
the ability of CCS-equipped hydrogen (or “blue hydrogen”) production to reduce the 
greenhouse gas (GHG) emissions. In fact, research demonstrates that blue hydrogen 
production can, as a result of methane leakage, be more carbon intense than coal.” 


Response: This comment speaks to upstream methane emissions from natural gas as a 
feedstock for “blue hydrogen” production. The scope of the AB 32 GHG Inventory 
encompasses emissions sources within the state’s borders, as well as imported electricity 
consumed in the state. This construct for the inventory is consistent with IPCC practices to 
allow for comparison of statewide GHG emissions with those at the national level and with 
other international GHG inventories. While life-cycle emissions can provide a more 
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comprehensive picture of the emissions associated with the goods we consume and ongoing 
demand, life-cycle inventories are inconsistent with IPCC standards, as they would result in 
double counting of emissions across jurisdictions. 


CARB disagrees with the commenter’s assertion that reliance on hydrogen would result in 
higher GHG emissions. The 2022 Scoping Plan relies on increased low-carbon hydrogen 
production and use by 2045, which includes hydrogen produced from renewable energy, 
biomethane, and biomass-based feedstocks.  In addition, the 2022 Scoping Plan projects an 
overall decrease in natural gas use in California by 2045.  Furthermore, methane emissions 
that result from the pipeline injection of biomethane gas serving as the feedstock for 
hydrogen production are included under California’s AB 32 inventory and are also targeted 
for fugitive emission reductions as part of the 2022 Scoping Plan through leak abatement.  


Please also refer to response to comment 296-5 and response to comment 369-1. 


The comment does not address the adequacy, accuracy, or completeness of the First Draft 
EA and no changes to the EA are required to respond to the comment. 


166-3: The commenter states, “And third, the Draft Plan needs to address more completely 
and precisely the impact of different types of bioenergy, in particular their potential to cause 
leakage as defined by AB 32 by increasing GHG emissions outside of California.” 


Response: Please refer to response to comment 566-15 regarding state policy support of 
bioenergy as an alternative to fossil fuel. With respect to bioenergy impacts, the First Draft 
EA analyzes elements in the 2022 Scoping Plan and contains the reasonably foreseeable 
compliance responses for the recommended actions. These reasonably foreseeable 
compliance responses are compared to existing conditions, which meets CEQA 
requirements. In terms of the level of detail in addressing GHG emissions from new 
bioenergy facilities in the First Draft EA, it is important to note that those facilities, as 
reasonably foreseeable aspects of implementation of the 2022 Scoping Plan (e.g., SB 100, SB 
1383), are just one aspect of actions considered cumulatively in the GHG section of the First 
Draft EA, which correctly concludes at this programmatic level that GHG emissions will 
decrease from implementation of the 2022 Scoping Plan. There is no requirement, nor is it 
feasible in this level of programmatic EA, to provide more detailed quantitative analyses of 
each potential new bioenergy facility that could occur, either in-state or out-of-state, for each 
action. The 2022 Scoping Plan is intended to identify the next steps to continue GHG 
emissions reductions to achieve the 2030 target and carbon neutrality by 2045. The level of 
detail in the First Draft EA reflects that the project is a broad statewide planning document 
that represents an initial planning step; post-2022 Scoping Plan implementation involves 
reviewing and updating programs, or developing new programs to align with outcomes 
identified in the plan, including regulations subject to their own public process. The First 
Draft EA for this initial planning document cannot provide the level of detail that will be 
provided in subsequent environmental documents prepared for specific regulatory actions 
that CARB or other agencies pursue to reduce GHG emissions or for permits approved for 
individual new facilities. 
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Chapter 1 of the 2022 Scoping Plan speaks to development of an accounting framework that 
reflects the effects of California’s policies outside the state: 


“In addition to the state’s existing GHG inventory, CARB will develop an accounting 
framework that reflects benefits of our policies accruing outside of the state. This 
accounting framework will be important to better understand the true impact of the 
state’s policies on what is emitted into the atmosphere. For example, the [Low Carbon 
Fuel Standard] incentivizes GHG reductions along the entire supply chain for the 
production and delivery of transportation fuel imported for use in the state. However, 
our inventory only captures the change in emissions from the tailpipe of when that fuel 
is used in California and does not capture any GHG reductions that occur in the 
production process if produced out of state. It also will be important to avoid any 
double counting (including claims to those reductions by other jurisdictions) and to 
transparently indicate whether any extra-jurisdictional emissions reductions might be 
included in another region’s inventory. CARB is collaborating with other jurisdictions 
to ensure GHG accounting rules are consistent with international best practices, as 
robust accounting rules instill confidence in the reductions claimed and maintain 
support for joint action across jurisdictions. The policy goals of consistency and 
transparency are critical as we work together with other jurisdictions on our parallel 
paths to achieve our GHG targets with real benefits to the atmosphere.” 


No changes to the First Draft EA are required in response to this comment. 


166-4: The commenter states, “The Draft Plan repeatedly references CCS as a means of 
reducing GHG emissions from petroleum refining, presenting a figure purporting to show 
that a scenario in which refineries are equipped with CCS would cut refinery sector emissions 
by more than half (Figure 2-9).  It asserts that newer CCS technologies “can be deployed ..in 
space constrained and multiple point source facilities such as refineries,” and the associated 
modeling assumes that deployment of CCS at refineries will commence essentially 
immediately. Draft Plan at 68. But the Draft Plan concedes that implementation in this 
assumed timeframe is “unlikely,” and hence that the modeling for the final Plan will be 
updated to reflect more realistic assumptions. Id.  


Simply moving the implementation timeframe for refinery CCS back a few years, however, 
will not cure the overall analytical flaws in CARB’s consideration of refinery CCS in the Draft 
Plan.  Neither sound policy goals nor available evidence supports considering CCS at 
refineries at all as a means of reducing their GHG emissions. The Draft Plan should define a 
proactive and comprehensive strategy for the phaseout of combustion fuel refining, rather 
than merely assuming – contrary to current trends - a correlative decline in refining resulting 
from declining demand, and looking to mitigate the remaining emissions impacts with CCS.  
In any case, there is no available evidence that CCS will ever be a viable GHG emissions 
reduction strategy at refineries, and should hence not be considered in the modeling.  


The Draft Plan makes the somewhat simplistic assumption that since a measure of continued 
combustion fuel use will be necessary through 2045, some amount of continued refining will 
be necessary in that timeframe because the alternative is importation of refined products and 
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attendant emissions leakage.  Draft Plan at 68, 79, 81-85.  However, the discussion fails to 
acknowledge that while demand for refined products has fallen modestly in the past decade, 
refinery output of such products has actually increased over the same time period, as refiners 
increasingly turn to export markets.  See Table 1. Underlying this situation is the fact that 
California refining capacity is overbuilt.1  Hence the refining industry, seeking to protect its 
otherwise stranded refining assets, has increasingly turned to exports. California refiners 
exported fully 20% to 33% of statewide refinery production to other states and nations from 
2013–2017.2  West Coast data further demonstrate the strong effect of changes in domestic 
demand on foreign exports from this over-built refining center.3  See Table 1.4  


Table 1. West Coast (PADD 5) Finished Petroleum Products: Decadal Changes in 
Domestic Demand and Foreign Exports, 1990–2019. 


Total volumes reported for ten-year periods 
Volume (billions of gallons) Decadal Change (%) 


 
Period Demand Exports Demand Exports 


1 Jan 1990 to 31 Dec 
1999  


406 44.2 — — 


1 Jan 2000 to 31 Dec 
2009 


457 35.1 +13% -21% 


1 Jan 2010 to 31 Dec 
2019 


442 50.9 -3.3% +45% 


Data from USEIA, West Coast (PADD 5) Supply and Disposition; 
www.eia.gov/dnav/pet/pet_sum_snd_d_r50_mbbl_m_cur.htm 


These factors belie the broad assumption underpinning the Draft Plan that reductions in 
California demand will lead to a linearly correlated decrease in California refining; and that 
market forces will ensure that refining levels diminish efficiently.  In fact, present data suggest 
that a decrease in California demand is likely merely to result in continued or even increased 
refining for the export market.  Additionally, refineries that might otherwise close due to 
excess refining capacity may continue to operate as biofuel producers – as already occurred 
at the Marathon Martinez refinery5 – incentivized by subsidies provided via the Low Carbon 
Fuel Standard (LCFS) (also leading potentially to emissions leakage outside of California as 
described in Section III below).  


The Draft Plan needed to consider all of these real-world market factors in assessing the 
future of refining in California; and should have used that information to develop a plan to 
phase out unneeded refining capacity as quickly as possible.  The Draft Plan looks to CCS to 
mitigate refinery GHG emissions through 2045, but fails to actually consider how those 
emissions could be minimized by developing a proactive plan to wind down combustion fuel 
refining in the state in an orderly and efficient fashion.   


Moreover, while we concur with CARB’s recognition that CCS is not presently capable of 
deployment at refineries, we find no basis to support an assumption that CCS technology will 
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ever be sufficiently developed to serve as a feasible solution in the refinery context.  
Currently, not a single California refinery is retrofitted with CCS; and it is not used 
comprehensively at any refinery in the world.  The 90 percent capture rate assumed in 
CARB’s modeling has no basis in current technological experience at refineries.6 Deploying 
CCS at refinery facilities is extraordinarily difficult given the dispersed nature of GHG sources 
at refining complexes, which include hundreds of combustion stacks from boilers and heaters 
as well as additional GHG emissions from piping and storage tanks. While the Draft Plan 
makes passing and uncited reference to “new technologies” that can be deployed in 
modular configurations and space-constrained environments, it offers no basis to conclude 
that such purported innovations will be either technologically or economically feasible at 
refineries any time in the foreseeable future.7  The Plan’s unsupported optimistic 
assumptions about refinery CCS are particularly problematic given recent studies and other 
available information indicating that the potential for cost-effectively deployment of CCS at 
refineries is inherently limited by their configuration, and further hampered by the “parasitic 
load” of energy required to operate CCS.8  


An assumption of any use of CCS at California refineries would be credible only in the 
context of much more complete analysis than what CARB has thus far provided. The analysis 
should include first, modeling of the number and size of refineries that will remain 
operational through 2045 – i.e., analysis of whether production will be consolidated in a few 
refineries as consumption winds down as opposed to operation at reduced capacity at many 
refineries; since deployment of CCS at a refinery operating significantly below capacity may 
pose additional economic challenges. This analysis of refinery capacity and potential 
consolidation should take into account the likelihood of continuing or increased refined 
product exports. Second, the modeling should make conservative assumptions regarding the 
cost of CCS retrofits, in light of existing studies of such costs, and determine the extent to 
which retrofits are realistic and likely. Third, the analysis should consider California-specific 
constraints on deployment of CCS, including, e.g., geological constraints on sequestration, 
the need to construct CO2 pipelines through potentially populated areas, and the need to 
ensure that the captured carbon is not used in enhanced oil recovery (the only current large-
scale commercial use for captured CO2), which would have the effect of creating additional 
GHG emissions. Finally, and most importantly, the analysis should not assume levels of GHG 
emissions reductions at refineries achieved via CCS that are greater than levels currently 
achieved absent clear research indicating a likelihood of more complete emissions capture 
on a defined timeframe. 


Based on currently available data, there is a high likelihood that such analysis would reveal 
CCS deployment at refineries to be economically and technically infeasible for all intents and 
purposes. In such case, CARB should re-focus on defining a path toward decommissioning 
refineries entirely. To the extent that CCS plays any role in the analysis of refinery emissions 
at all, the start date for any assumption of CCS-related emissions reductions should be 
pushed at least a decade into the future in light of significant limitations of the current 
technology. 
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1  Karras, 2020. Decommissioning California Refineries, available at https://www.energy-re-
source.com/decomm. 


2  Id. 
3  USEIA, West Coast (PADD 5) Supply and Disposition; 


www.eia.gov/dnav/pet/pet_sum_snd_d_r50_mbbl_m_cur.htm 
4  Table 1 developed by Greg Karras, Community Energy reSource. 
5  The Marathon Martinez refinery announced its permanent closure in early 2020, for reasons 


expressly associated with “consolidation” of its capacity in the Los Angeles area. 2019 
Marathon Petroleum Corporation Annual Report. See “From the Chairman and CEO” at p. 
1. The decision to instead convert the refinery to renewable diesel production was made 
some months after that announcement. 


6  The Quest CCS project in Alberta, after initially claiming a 90% capture rate, is now only 
expected to capture on 40% from the refinery as a whole. 
https://www.shell.ca/en_ca/media/news-and-media-releases/news-releases-2021/shell-
proposes-large-scale-ccs-facility-in-alberta.html 


7 Comment submitted by Wara, Michael et al, https://www.arb.ca.gov/lists/com-attach/65-
sp22-modelresults-ws-BWQFcVMwUFxWI1Az.pdf. 


8 Id. “ 


Response: Please refer to Master Responses 3 and 6. 


166-5: The commenter states, “The Draft Plan asserts that “[i]f steam methane reformation is 
paired with CCS, the hydrogen produced could potentially be zero carbon.” Draft Plan at 69. 
This statement is misleading at best. Unless “potentially” is interpreted to mean purely 
hypothetically and without basis in practical reality – not a useful framing for climate planning 
– it contravenes studies and information indicating that SMR outfitted with CCS, or “blue 
hydrogen,” can be highly emitting on a lifecycle basis at high methane leakage rates.   


In the first instance, current CCS technology has not been demonstrated in any context 
beyond 90 to 95 percent, preventing blue hydrogen from being categorized as “zero 
carbon.” The larger problem, however, is that of methane leakage associated with the 
production and transportation of methane gas serving as the feedstock for SMR.9 A recent 
study10 concluded that at high methane leakage rates, blue hydrogen is more carbon intense 
as an energy source than coal, as illustrated in this figure from the study: 



https://www.energy-re-source.com/decomm

https://www.energy-re-source.com/decomm

https://www.arb.ca.gov/lists/com-attach/65-sp22-modelresults-ws-BWQFcVMwUFxWI1Az.pdf

https://www.arb.ca.gov/lists/com-attach/65-sp22-modelresults-ws-BWQFcVMwUFxWI1Az.pdf
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FIGURE 1 Comparison of carbon dioxide equivalent emissions from gray 
hydrogen, blue hydrogen with carbon dioxide capture from the SMR process 
but not from the exhaust flue gases created from burning natural gas to run the 
SMR equipment, blue hydrogen with carbon dioxide capture from both the 
SMR process and from the exhaust flue gases, natural gas burned for heat 
generation, diesel oil burned for heat, and coal burned for heat. Carbon dioxide 
emissions, including emissions from developing, processing, and transporting 
the fuels, are shown in orange. Carbon dioxide equivalent emissions of fugitive, 
unburned methane are shown in red. The methane leakage rate is 3.5%. See 
text for detailed assumptions.11 


Thus, there is no basis to conclude that blue hydrogen can plausibly be considered a zero-
carbon form of production. Nor can it be considered a low carbon source until and unless 
CARB demonstrates that the methane leakage problem will be resolved.  


9 Dennis Y.C. Leunga, Giorgio Caramannab M. Mercedes, Maroto-Valerb, An overview of 
current status of carbon dioxide capture and storage technologies, November 2014, 
Science Direct, https://www.sciencedirect.com/science/article/pii/S1364032114005450  


10 Robert W. Howarth and Mark Z. Jacobson, How green is blue hydrogen? Energy Sci Eng. 
2021:00:1-12, https://www.actu-environnement.com/media/pdf/news-38015-etude-
energy-science-engineering-hydrogene-bleu.pdf (Howarth and Jacobson 2021) 


11 Id.” 


Response: Please refer to response to comments 296-5 and 166-2. 


The comment does not address the adequacy, accuracy, or completeness of the First Draft 
EA and no changes to the EA are required to respond to the comment. 



https://www.sciencedirect.com/science/article/pii/S1364032114005450

https://www.actu-environnement.com/media/pdf/news-38015-etude-energy-science-engineering-hydrogene-bleu.pdf

https://www.actu-environnement.com/media/pdf/news-38015-etude-energy-science-engineering-hydrogene-bleu.pdf
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166-6: The commenter states, “The Draft Plan references the LCFS as the primary 
mechanism for displacement of fossil fuels through subsidies for renewable diesel, 
sustainable aviation fuel, and other non-petroleum sources of liquid combustion fuel. Draft 
Plan at 153. The Draft Plan modeling makes a number of assumptions concerning the role of 
these fuels generally in decarbonization – e.g., that sustainable aviation fuel will meet a large 
percentage of demand by 2045, and that “liquid biofuel” will increasingly replace liquid 
petroleum fuel. Draft Plan at 58, 153.   


This limited set of assumptions does not address, however, the significant potential of certain 
types of non-petroleum fuels, generated with particular types of lipid feedstocks in the food 
system, to increase global GHG emissions through indirect land use change (ILUC) when 
deployed at very large scale, as is already poised to occur. Additionally, the Draft Plan does 
not consider available evidence demonstrating that ramp-up of non-petroleum combustion 
fuels is currently not replacing petroleum based fuels, but rather resulting in increased 
exports of such fuels, thus causing leakage as defined by AB 32 (“a reduction in emissions in 
greenhouse gases within the state that is offset by an increase in emissions of greenhouse 
gases outside the state”).   


With respect to ILUC, it is likely that the majority of renewable diesel and sustainable aviation 
fuel produced in the state will come from food crop and food system oils, predominantly 
soybean oil. One indicator for the likely predominant role of SBO and other food crop oils for 
future liquid fuel production is the current breakdown of feedstock demand for biodiesel 
production.12 From 2018 to 2020, 59% of biodiesel in the United States was produced from 
soybean oil as feedstock, compared to 11% from yellow grease, 14% from distiller’s corn oil, 
and only 3% from tallow, or rendered beef fat.13 Another indicator is the limited domestic 
supply of alternative feedstock sources. Tallow and other waste oil volumes have come 
nowhere near meeting current biodiesel feedstock demand, with little prospect of expanding 
soon.14 


There is now broad consensus in the scientific literature that increased demand for food crop 
oil biofuel feedstock has induced ILUC, with significant negative climate and other 
environmental consequences.15 The European Union is poised to respond with curbs on such 
feedstocks. After a decade of studies, soybean oil will likely be designated a high-ILUC risk 
biofuel that will be phased out of European Union renewable energy targets by 2030. 16 
Belgium has already banned soybean oil-based biofuels as of 2022.17 The ILUC is substantially 
a result of displacement and substitution of commodities, leading to the conversion of land 
use for crops other than that of the feedstock demanded.  Since oil crops are to a great 
degree fungible—they are, essentially, interchangeable lipid, triacylglycerol (TAG) or fatty 
acid inputs to products18 -- their prices are significantly if not wholly linked: when the price of 
one crop increases, another cheaper crop will be produced in greater volumes to fill the gap 
as consumers substitute their use of the more expensive crop. A chief substitute for soybean 
oil is palm oil, whose production has been linked to significant deforestation and associated 
carbon sink loss.  


While the LCFS of course considered ILUC in assigning carbon intensity (CI) scores to 
renewable fuels produced with various feedstocks, CI is by nature a measure of incremental 
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per unit impact, not designed to assess the displacement impact that occurs when a very 
large share of food crop oils becomes dedicated to energy production, hence incentivizing 
cultivation of additional palm oil to take the place of these food crop oils. The GHG impact of 
a large-scale movement toward bioenergy has thus not been fully evaluated; but in light of 
highly problematic current trends, Europe is nonetheless taking the lead in curbing that 
impact through prohibitions on the feedstock most clearly driving ILUC-related GHG impacts. 
CARB, rather than making generalized and unsupportable assumptions regarding the role of 
bioenergy in decarbonization, should evaluate the possibility of doing the same.  


With respect to leakage, available data shows that petroleum distillate fuels refining for 
export continued to expand in California in the last two decades even as biofuel production 
ramped up in recent years. It is clear from this data that renewable diesel production during 
those decades -- originally expected to replace fossil fuels – actually merely added a new 
source of carbon to the liquid combustion fuel chain. Total distillate volumes, including diesel 
biofuels burned in-state, petroleum distillates burned in-state, and petroleum distillates 
refined in-state and exported to other states and nations, increased from approximately 4.3 
billion gallons per year to approximately 6.4 billion gallons per year between 2000 and 
2019.19 20  


Specifically, crude refining for export – shown in black in the figure below21 – expanded after 
in-state burning of petroleum distillate (shown in olive) peaked in 2006, and the exports 
expanded again from 2012 to 2019 with more in-state use of diesel biofuels (shown in dark 
red and brown). From 2000 to 2012 petroleum-related factors alone drove an increase in 
total distillates production and use associated with all activities in California of nearly one 
billion gallons per year. Then total distillates production and use associated with activities in 
California increased again, by more than a billion gallons per year from 2012 to 2019, with 
biofuels accounting for more than half that increment. These state data show that diesel 
biofuels did not, in fact, replace petroleum distillates refined in California during the eight 
years before the Project was proposed. Instead, producing and burning more renewable 
diesel along with the petroleum fuel it was supposed to replace emitted more carbon.   
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Distillate fuel shares associated with all activities in California, 2000-2019.  
Growth in total distillates excluding fuel and kerosene from State data. 
Data from CEC Fuel Watch and CARB GHG Inventory Fuel Activity Data, 2019 update. 


Clearly, more analysis is needed before CARB can plausibly treat non-petroleum combustion 
fuel categorically as a viable strategy to reduce GHG emissions in the transportation sector. 
Drawing valid conclusions in this regard would require modeling the impact of various 
renewable feedstocks deployed at varying scales, accounting for the ILUC impacts of such 
feedstocks in all scenarios associated with fungibility and displacement. It would also require 
accounting for the AB 32 leakage of emissions through refined petroleum products export, 
which has thus far resulted in an overall increase in worldwide combustion fuel use and 
associated GHG emissions.   


Through and as a result of such analysis, CARB should commit to reviewing and revising the 
LCFS to address the potential unintended consequences of deployment of particular types of 
bioenergy production at very large scales – as is already being proposed at two Bay Area 
refineries. In particular, CARB should commit to considering caps on LCFS subsidies for 
particular feedstocks such as soybean oil that have been shown to be particularly problematic 
as a driver of deforestation.   


12  See Zhou, Y; Baldino, C; Searle, S. Potential biomass-based diesel production in the 
United States by 2032. Working Paper 2020-04. International Council on Clean 
Transportation, Feb. 2020, 
https://theicct.org/sites/default/files/publications/Potential_Biomass-
Based_Diesel_US_02282020.pdf (accessed Dec 8, 2021).  


13  Uses data from EIA Biodiesel Production Report, Table 3. Feedstock breakdown by fat 
and oil source based on all data from Jan. 2018–Dec. 2020 from this table. U.S. Energy 
Information Administration (EIA), Monthly Biodiesel Production Report Table 3, Feb. 26, 



https://theicct.org/sites/default/files/publications/Potential_Biomass-Based_Diesel_US_02282020.pdf

https://theicct.org/sites/default/files/publications/Potential_Biomass-Based_Diesel_US_02282020.pdf
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2021, https://www.eia.gov/biofuels/biodiesel/production/table3.pdf (accessed Dec. 14, 
2021). Data were converted from mass to volume based on a specific gravity relative to 
water of 0.914 (canola oil), 0.916 (soybean oil), 0.916 (corn oil), 0.90 (tallow), 0.96 (white 
grease), 0.84 (poultry fat), and 0.91 (used cooking oil). See also Zhou, Baldino, and Searle, 
2020-04.  


14  See Baldino, C; Searle, S; Zhou, Y, Alternative uses and substitutes for wastes, residues, 
and byproducts used in fuel production in the United States, Working Paper 2020-25, 
International Council on Clean Transportation, Oct. 2020, 
https://theicct.org/sites/default/files/publications/Alternative-wastes-biofuels-oct2020.pdf 
(accessed Dec 8, 2021). 


15  See Portner et al., 2021; C. Malins and C. Sandford, Animal, vegetable or mineral (oil)? 
Exploring the potential impacts of new renewable diesel capacity on oil and fat markets in 
the United States. Cerulogy, ed. International Council on Clean Transportation, Jan. 2022. 
https://theicct.org/wp-content/uploads/2022/01/impact-renewable-diesel-us-jan22.pdf. 
See also Searchinger, T. et al., Use of U.S. Croplands for Biofuels Increases Greenhouse 
Gases Through Emissions from Land Use Change. Science, 2008, 319, 1238, 
https://science.sciencemag.org/content/319/5867/1238 (accessed Dec 8, 2021) (This 
landmark article notes one of the earliest indications that certain biofuel feedstocks are 
counterproductive as climate measures.) 


16  Malins, C. Risk Management: Identifying high and low ILUC-risk biofuels under the recast 
Renewable Energy Directive; Cerulogy, 2019; 4, 14. http://www.cerulogy.com/wp-
content/uploads/2019/01/Cerulogy_Risk-Management_Jan2019.pdf (accessed Dec 8, 
2021).  


17  Belgium to ban palm- and soy-based biofuels from 2022. Argus Media, Apr. 14, 2021. 
https://www.argusmedia.com/en/news/2205046-belgium-to-ban-palm-and-soybased-
biofuels-from-2022 (accessed Dec 8, 2021).  


18  The Environmental Impact Report (EIR) for the Rodeo Renewed biofuel conversion project 
expressly recognized this fungibility: “The different uses of the commodity and whether 
or not there are substitutes for those commodities also affect the renewable feedstocks 
market. For example, soy and corn can both be used for livestock feed or human food 
production. If one commodity increases in price, farmers may be able to switch to the 
other commodity to feed their livestock for a cheaper cost (CME Group). This is 
particularly important for renewable feedstocks given the different uses for oilseeds, 
including food production and animal feedstocks, and the different vegetable oils that 
may be used as substitutes (e.g., canola oil may be a substitute for soybean oil).” Rodeo 
Renewed Final EIR 3.8.3.2. 


19  CARB GHG Inventory Fuel Activity data, 2019 update.  
20  CEC Fuel Watch. Weekly Refinery Production. California Energy Commission: 


Sacramento, CA. 
https://ww2.energy.ca.gov/almanac/petroleum_data/fuels_watch/output.php 


21  Figure produced by Greg Karras, Community Energy reSource.” 


Response: The First Draft EA identifies construction and operation of new or expanded 
facilities, land use changes, and changes to fuel-associated shipment patterns among the 
reasonably foreseeable compliance responses associated with low carbon fuels actions. In the 



https://www.eia.gov/biofuels/biodiesel/production/table3.pdf

https://theicct.org/sites/default/files/publications/Alternative-wastes-biofuels-oct2020.pdf

https://science.sciencemag.org/content/319/5867/1238

http://www.cerulogy.com/wp-content/uploads/2019/01/Cerulogy_Risk-Management_Jan2019.pdf

http://www.cerulogy.com/wp-content/uploads/2019/01/Cerulogy_Risk-Management_Jan2019.pdf

https://www.argusmedia.com/en/news/2205046-belgium-to-ban-palm-and-soybased-biofuels-from-2022

https://www.argusmedia.com/en/news/2205046-belgium-to-ban-palm-and-soybased-biofuels-from-2022

https://ww2.energy.ca.gov/almanac/petroleum_data/fuels_watch/output.php
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2022 Scoping Plan modeling for biofuel production rates, the biomass-energy supply 
estimates available to produce biofuels represent the share of available feedstock that could 
be economically and beneficially used to displace fossil fuels, rather than gross resource 
potentials. As described in Appendix H of the 2022 Scoping Plan, projections for the total 
volume of fats, oils, and greases (FOGs) that could be used for energy in California (to 
produce renewable diesel and sustainable aviation fuel) were constrained to reflect only the 
announced capacity and potential capacity expansions for renewable diesel facilities that are 
planned to be operational in California. “Current announcements suggest that 1.1 billion 
gallons of renewable diesel will be produced within California by 2025, with anticipated 
expansions potentially adding another 1.1 billion gallons of capacity. Taken together, this 
analysis assumes total available supply of renewable diesel from FOGs for use in California to 
be 2.2 billion gallons. This value was held constant through 2045.” Facility refining capacity, 
along with any permitting limits, restricts the volume of feedstocks that refineries can process 
in a given day. Any significant modifications at the facility level are expected to be subject to 
CEQA review and local air district permitting requirements. As discussed in the First Draft EA 
in Chapter 4, Section 8.a, the 2022 Scoping Plan includes actions designed to decrease GHG 
emissions and implementation is expected to result in substantial long-term GHG emissions 
reductions in California as discussed in Chapters 2 and 3 of the 2022 Scoping Plan. Table 4-
12 of the First Draft EA shows the reductions across all AB 32 GHG Inventory Sectors in 2045 
compared to the Reference Scenario.  


As stated in Chapter 4 of the 2022 Scoping Plan, a dramatic increase in alternative fuel 
production must not come at the expense of global deforestation, unsustainable land 
conversion, or adverse food supply impacts, and CARB staff will continue to monitor scientific 
findings on these topics to ensure policies such as the LCFS send the appropriate market 
signals to avoid unintended consequences. Post-Scoping Plan adoption actions include 
initiation of a public process focused on options to increase the stringency and scope of the 
LCFS regulation. That process is one of the key forums where issues raised by the commenter 
will be further explored, discussed, and evaluated. In addition, discussion at the September 
1, 2022, joint meeting of the Board and the AB 32 Environmental Justice Advisory 
Committee related to reducing petroleum supply in line with aggressive demand reductions 
modeled in the 2022 Scoping Plan, resulted in the CARB Chair’s direction to CARB staff to 
include language in the 2022 Scoping Plan recommending that the Governor convene an 
interagency working group to discuss key issues around oil transition, including oil extraction 
and refineries. The remainder of the comment does not raise significant environmental issues 
related to the First Draft EA. No changes to the EA are required in response to this 
comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter 177 


6/17/2022 Wendy Ring, Climate 911 


177-1: The commenter states, “This disappointing and frightening document is scientifically 
inaccurate, deaf to the voices of environmental justice advocates, and inadequate to meet its 
own greenhouse gas reduction targets. Its conclusions run counter to its own declarations on 
centering equity and maximizing health benefits. Actions speak louder than words. This draft 
update sells the people of California short by trading proven low cost methods of real 
emissions reduction which improve public health, climate resilience, and equity in favor of 
unproven technologies which increase air pollution and whose real world efficacy and cost 
effectiveness are still in question.” 


Response: Please refer to Master Response 3. 


177-2: The commenter states, “The only way to fix this problem is to go back and do it right. 
The cost of failure to do so will be high: slowing of global climate action as California 
abandons its position of climate leadership, increased climate impacts due to higher 
cumulative emissions, and lost opportunities to maximize the public benefit of climate 
investment.” 


Response:  


As described in Chapter 5 of the First Draft EA, the short-term construction related GHG 
emission impacts associated with the reasonably foreseeable compliance responses for the 
actions in the 2022 Scoping Plan would be less than significant when considering the overall 
GHG emissions reductions associated with implementation of the measures identified in 2022 
Scoping Plan. The long-term operational related impacts on GHG emissions from the 
recommended actions would be beneficial, consistent with the objectives of the 2022 
Scoping Plan to reduce emissions to achieve the 2030 and 2045 targets. Therefore, 
considered cumulatively, the GHG section of the First Draft EA correctly concludes at the 
programmatic level of the 2022 Scoping Plan that GHG emissions will decrease from 
implementation of measures identified in the 2022 Scoping Plan and would not result in a 
considerable contribution to a cumulative GHG emissions impact. No changes to the First 
Draft EA are required in response to this comment. 


177-3: The commenter states, “While Appendix G does an excellent job describing the 
health and equity impacts of urban heat islands and air pollution, the extent to which 
differing amounts of urban tree could mitigate these impacts was not analysed before the 
scenarios were created, or modeled afterwards, leaving no basis to determine the “right 
size” for this strategy.” 


Response: The commenter notes that the urban forest analysis did not include urban heat 
island impacts and air pollution impacts of changes in urban tree cover. This comment raises 
urban forest specific environmental issues related to the First Draft EA. Urban tree cover 
serves to reduce urban heat island impacts and reduce air pollution in communities, both of 
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which are discussed in the 2022 Scoping Plan and in Appendix G as noted by the 
commenter. However, while the First Draft EA discusses potential adverse impacts of urban 
forestry expansion to Resource Areas in Chapter 4, it does not disclose these beneficial 
impacts of urban forestry expansion. Therefore, the following language has been added to 
the Final EA as part of Impact 3.b: Long-Term Operational-Related Effects on Air Quality (see 
page 85 of the Final EA): 


Additionally, implementing urban forestry expansion would potentially result in 
beneficial impacts to air quality by reducing urban heat islands effects on communities, 
which include reduced mortality, increase in life expectancy, and reduced risk of 
asthma outcomes, heat exposure, adverse birth outcomes, and depression. It would 
also potentially result in beneficial impacts by reducing air pollution in and around 
communities which would lead to reduced adverse health outcomes such as asthma 
(see Appendix G of this EA for more information).  


CARB staff would like to note that a quantitative analysis of the beneficial urban heat island 
reduction impacts and air pollution reduction impacts resulting from changes in urban tree 
cover is highly site-specific and dependent on numerous factors, such as tree species, tree 
and building locations, and weather patterns. This site specific analysis is beyond the scope 
of the 2022 Scoping Plan Natural and Working Land (NWL) analysis. Additionally, staff are 
not aware of a model that is capable of modeling and quantifying these impacts across all 
urban areas in the entire state under climate change. CARB NWL analysis instead focused on 
the carbon stock impacts of urban forest investment. These carbon stock impacts are 
generally correlated with decreased urban heat island impacts and air pollution. While 
quantification of these impacts was not part of the analysis, the 2022 Scoping Plan notes that 
these are expected co-benefits of increased urban forest cover. 


The commenter also notes that no analysis of impacts was done before determining 
alternative scenarios. While CARB quantitatively evaluated some of the NWL benefits and 
impacts, the 2022 Scoping Plan notes that the NWLs provide many co-benefits that are not 
able to be quantified given current scientific understanding and resources. In determining the 
alternative scenarios to assess, CARB determined four different NWL scenarios of differing 
scales of land management that represent alternative visions for how NWL are managed 
across California. This strategy was purposefully selected by CARB in order to provide a 
balance in land management action that also provides multiple co-benefits, given it would be 
infeasible to quantitatively evaluate every landscape and management action in every 
scenario for every possible NWL co-benefit or impact. 


177-4: The commenter states, “CCS, Direct Air Capture, and BECCS28 come with energy and 
emissions penalties, have not yet proven to be scalable and economical, and are the most 
expensive of mitigation measures. There is great uncertainty as to when these technologies 
will be available on the scale assumed in the draft scoping update, what they will cost, and 
how effective they will actually be. The scoping update must provide a risk analysis with 
projected social costs of uncaptured or unremoved carbon emissions in the event of delayed 


 
28 Note to the reader: BECCS is an acronym for “bioenergy with carbon capture and storage”. 
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rollout and less than projected efficacy, and contingency scenarios with compensatory 
measures.  


Health impact analysis that is too little and too late  


A major failure of this plan is the exlusion of full quantifiable health impacts from modeling. 
The modeling for clean air benefits only included “reduced short-term exposure to PM2.5 
and ozone for only two months in 2045.”  The much larger benefits from reduced chronic 
exposure were not counted, nor were the health harms arising from emissions from new 
facilities or those from continuing to permit new fossil fuel extraction in the state for another 
one vs two decades (Shonkoff, 2021). It’s not clear whether harm from increased criteria 
pollutant emissions from existing facilities retrofitted with CCS was counted as well.” 


Response: Please refer to Master Response 3 regarding energy-related emissions from CCS 
and DAC and to response to comment 566-15 regarding biomass power generation 
associated with BECCS. The 2022 Scoping Plan includes atmospheric chemistry and transport 
modeling of the Scoping Plan Scenario relative to the Reference Scenario for two full years, 
2035 and 2045. While individual facility emissions, from new or existing facilities, are not 
explicitly represented, pollutant emissions including NOx, PM2.5, and ROG are reduced 
statewide. This analysis demonstrates that the combined actions in the Scoping Plan Scenario 
reduce harmful pollutant concentrations and associated health outcomes. 


177-5: The commenter states, “Zero carbon is not zero pollution  


All fuel combustion produces air pollution and carbon capture does not capture it. The 
additional energy required for CCS increases direct and indirect emissions of Nox and pm2.5 
if it is provided by fuel combustion (EEA, 2011). Direct Air Carbon Capture is even more 
energy intense. The draft scoping plan includes new facilities burning gas and biomass for 
power and grey hydrogen production and facilities for CDR, but does not count the 
additional pollution in its health analysis.  There are no provisions for locating these new 
facilities outside of EJ communities already burdened with high levels of pollution.  


BECCS as a form of CDR and biomass energy for renewable electricity are particular 
concerns. The 2021 SB 100 Joint Agency Report excluded coal + CCS as an option due to 
incompatibility with public health priorities (CEC, 2021).  Consistency should require 
exclusion of biomass as well. Major national public health organizations including the 
American Lung Association, the American Academy of Pediatrics, the National Environmental 
Health Association and the National Association of City and County Health Officers oppose 
biomass energy as a public health harm. EPA regulations allow new and existing biomass 
boilers to emit 3-27 times more pm2.5 than coal (EPA, 2017). Burning woody biomass 
without carbon capture is neither clean nor carbon neutral in the timeframe of the this 
scoping update, since even burning timber slash for energy (with no trees cut exclusively for 
fuel) creates a 50 year carbon debt (Law, 2018). Cultivation of faster growing biomass more 
appropriate for BECCS would have similar air quality consequences and also compete with 
food production for land and water, raising prices for those who can least afford them.” 
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Response: Please refer to Master Response 3 regarding energy-related emissions from CCS 
and DAC and response to comment 566-15 regarding biomass power generation. 


177-6: The commenter states, “Where’s the justice?  


No credit for equity can be given for soliciting EJAC opinions and then ignoring them. The 
scoping update’s position on dairy digesters is just one excellent example. Despite strong 
statements from EJAC members and the public, the selected scenario supports the 
expansion of manure digesters to a much greater extent than alternative manure 
management which avoids the production of methane altogether. While the consolidation of 
dairy livestock from pasture to feedlots is not entirely due to the state’s generous biodigester 
subsidies and valuation of RFS credits, these policies incentivize the expansion and 
proliferation of confined feeding operations which, according to the National Academy of 
Sciences, pose myriad health threats to surrounding communities (PNAS, 2021).   


In California, in addition to air pollution, dairy CAFOs increase nitrate contamination of 
drinking water in low income communities of color (Harder, 2013; Smith, 2022). To 
compound the injustice, carbon credits purchased from dairy digesters allow urban industries 
to continue polluting their own neighborhoods, as does combustion of the biogas itself. 
Since the market for renewable CNG vehicle fuel is already saturated and expansion of the 
state’s CNG fleet is not contemplated, increasing the supply of biogas will not decrease 
traffic pollution. Injecting dairy biogas into pipelines for residential use will only serve to 
lengthen our dependence on fossil gas while raising utility bills for low income people who 
can’t afford to electrify. Burning dairy gas in power plants will continue pollution perpetuate 
environmental injustice. The fossil gas industry in California has been a major opponent of 
building electrification which cannot be trusted to refrain from political influence. To quote a 
physician friend of mine, “Biogas is not a bridge, it’s a gangplank.”  


No support is given for the assumption in scenario 3 that dairy and livestock animal 
population will decrease 0.5% per year in contrast to the reference scenario, which holds the 
population constant from 2030 to 2050. This unfounded assumption that biodigesters lead to 
a shrinking dairy population makes this measure appear more effective at the same time 
dairy economists worry that biogas and the LCFS will drive herd expansion (Smith, 2022; 
McCully, 2021).  


The best way to prevent methane from dairy manure is to make sure the manure is 
oxygenated so methane never forms, either by pastured grazing or by alternative manure 
management with composting.  Both of these methods are more cost effective than 
digesters, and have the potential when done in conformance with regenerative agricultural 
principles, to be carbon negative, sequestering more carbon than the manure contains.” 


Response: The comment raises environmental issues associated with anaerobic digesters at 
dairy operations with limited relevance to the First Draft EA. The comment incorrectly asserts 
that the proposed scenario assumes that expansion of anaerobic digestion at dairy 
operations would result in shrinking dairy populations. In fact, CARB assumes that dairy 
population decreases are independent of whether not anaerobic digesters are deployed. The 
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First Draft EA discusses the potential environmental impacts of reasonably foreseeable 
compliance responses including enteric fermentation, anaerobic digestion, and alternative 
manure management strategies. With respect to water quality, the First Draft EA accurately 
notes that anaerobic digesters and alternative manure management practices are likely to 
result in water quality improvements due to improved or reduced wastewater management 
and improved nutrient management. The commenter does not identify any adverse impacts 
associated with anaerobic digesters that would be addressed by other practices such as the 
suggested pasture grazing or alternative manure management with composting. Similarly, 
the comments regarding cost-effectiveness of various practices do not address any 
environmental impacts from the proposed project. The remainder of this comment does not 
raise significant dairy and livestock specific environmental issues related to the First Draft EA, 
nor does it otherwise address the accuracy, adequacy, or completeness of the EA for this 
sector. Therefore, no dairy and livestock specific changes to the First Draft EA are required in 
response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 252 


6/20/2022 Daniel Chandler, Northcoast Environmental Groups 


252-1: The commenter states, “5. The draft contains a very serious modeling error. 
CARB modeler’s assumed that natural and working lands would be a large carbon sink. In 
fact, a different CARB team found these lands will emit emissions, so the draft plan ends up 
being out of balance by 23 million metric tons of CO2 in 2045.7 


7 Cullenward. Op cit.” 


Response: The commenter notes that CARB modelers assumed that NWLs would be a large 
carbon sink while in fact these lands would be a net emitter. This comment raises GHG 
emissions specific environmental issues related to the First Draft EA. CARB’s NWL analysis 
did not make an assumption as to whether NWLs would be a carbon source or sink. CARB 
relied on model projections to determine whether NWLs would be a carbon source or sink. 
Certain NWL types are projected to be carbon sources (forests, shrublands, annual 
croplands, wetlands, sparsely vegetated lands) while others are projected to be carbon sinks 
(grasslands, urban forests, perennial croplands). CARBs NWL analysis concludes that in total 
across all NWL types, they would be a GHG source under all alternatives. In fact, Chapter 2 
states directly, “The expanded modeling conducted for this 2022 Scoping Plan shows that 
NWL are projected to be a net source of emissions through 2045 and indicates a probable 
decrease of carbon stocks into the future.” These GHG emissions are disclosed in the First 
Draft EA Impact 8.a and in Table 4-13. For the Draft 2022 Scoping Plan, the PATHWAYS 
modeling of the AB 32 GHG Inventory Sectors was conducted prior to completion of the 







2022 Scoping Plan 
Response to Comments   Responses to Comments 


53 


NWL analysis and the NWL sector was assumed to sequester 15 MMT CO2e per year in the 
PATHWAYS modeling (see footnote 165 in Chapter 3 of the Draft 2022 Scoping Plan). 
Chapter 2 of the 2022 Scoping Plan discusses the role of NWL sector emissions in relation to 
the AB 32 GHG Inventory Sector emissions and the need for carbon dioxide removal for 
achieving carbon neutrality. The 2022 Scoping Plan is not “out of balance” as the commenter 
claims. No changes to the First Draft EA are required in response to this comment. Please 
see also 2022 Climate Change Scoping Plan FAQ regarding how the contributions from 
NWLs and carbon dioxide removal for the 2022 Scoping Plan were derived.29  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 273 


6/20/2022 Nora Privitera, 350 Bay Area Action 


273-1: The commenter states, “Furthermore, CARB’s scoping plan envisions sourcing crude 
oil from the Amazon, the one area of the planet that has the most potential for sequestering 
carbon and preventing climate catastrophe. So on top of exacerbating the climate crisis, the 
current scoping plan depends on tactics that will make California complicit in the further 
destruction of the Amazon rai1 forest and in violations of indigenous rights in that region.” 


Response: The comment provides an opinion regarding the 2022 Scoping Plan’s effects on 
climate and the Amazon rain forest; however, this is not a compliance response associated 
with the 2022 Scoping Plan. That is, the 2022 Scoping Plan does not direct where or how 
crude oil is produced and supplied to California. Implementation of the 2022 Scoping Plan 
would result in an overall reduction in the use of crude oil. Therefore, a reasonable 
compliance response would include a reduction in total crude oil consumption and imports 
commensurate with the decline in crude oil demand. The comment does not raise an issue 
related to the adequacy, accuracy, or completeness of the First Draft EA and no further 
response is required. No changes to the First Draft EA are required in response to this 
comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


 
29 https://ww2.arb.ca.gov/sites/default/files/2022-06/2022_Scoping_Plan_FAQ_6.21.22.pdf 
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Comment Letter 296 


6/20/2022 Monica Embrey, Sierra Club 


296-1: The commenter states, “The communities that are forced to live along the fossil fuel 
supply chain suffer from poisoned air, water, soil and ecosystems.” 


Response: The comment provides a general statement regarding general impacts to 
communities that live along the fossil fuel supply chain from poisoned air, water, soil, and 
ecosystems without providing any factual details or substantiation of the statement. Impacts 
to air quality, water quality and supply, geology and soils, and biological resources are 
provided in Chapter 4 of the First Draft EA. No specific environmental issues are raised as to 
the adequacy, accuracy, or completeness of the environmental impact analysis included in 
the First Draft EA. No changes to the First Draft EA are required in response to this 
comment. 


296-2: The commenter states, “The Draft Scoping Plan proposes to build 10 GW of new gas 
capacity,iii equivalent to at least 33 new large or 100 new peaker gas power plants.iv New gas-
fired power plants are incompatible with our climate, public health and economic goals. 
Rather than building new fossil fuel infrastructure, the Scoping Plan should pursue additional 
demand response, renewable energy, and storage technologies. 


In light of the climate emergency, the International Energy Agency (“IEA”) called for no new 
fossil fuel infrastructure starting last year, in 2021.v Yet the Draft Scoping Plan pushes 
California in the opposite direction, proposing significant new gas build by 2045. In addition 
to harming the climate, gas plants emit many harmful pollutants that unjustly and 
disproportionately burden disadvantaged communities.vi This pollution could increase under 
the Draft Scoping Plan if California builds additional gas capacity. Furthermore, building new 
renewable energy capacity is cheaper than running existing gas plants and expanding gas 
infrastructure.vii CARB must exclude new gas-fired power capacity for the Scoping Plan.” 


Response: The 2022 Scoping Plan no longer includes new natural gas generation capacity. 
Please refer to the Recirculated Draft EA.  


296-3: The commenter states, “The Draft Scoping Plan recommends that gas appliances in 
commercial and residential buildings are retired at the end of their useful life but does not 
allow for early retirements. From an economic perspective, this approach hampers the 
decommissioning of segments of the gas distribution system, as commercial and residential 
buildings will require gas until their appliances burn out. From a climate perspective, it 
entrenches methane leakage and gas combustion pollution, as gas appliances that were 
purchased before 2035 can operate for decades, potentially. From a justice perspective, this 
approach risks leaving the last customers on the gas system without heat if skyrocketing gas 
rates to retain the system are spread across fewer customers.” 


Response: Although the modeling in the Scoping Plan Scenario does rely on natural turnover 
of gas appliances in commercial and residential buildings to estimate GHG emission 
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reduction potential for buildings, the 2022 Scoping Plan does not disallow early retirement of 
appliances. Appendix F, Building Decarbonization, to the 2022 Scoping Plan outlines many 
actions to achieve a successful and equitable transition to building decarbonization. 
Specifically, there are key actions to support the phase-out of gas appliances and expansion 
of gas hookups. Appendix F suggests scaling back fossil gas infrastructure by eliminating 
incentives for extending gas mains and service lines to new buildings. Targeted, trimming 
back of existing gas infrastructure, also known as zonal electrification, is another critical 
action to reduce fossil gas system maintenance needs, costs, and emissions.  


Please refer to response to comment 296-6 regarding reductions in fossil gas consumption 
(and corresponding combustion-related air pollutant emissions) that will occur relative to the 
Reference Scenario from implementation of the Scoping Plan Scenario through substitution 
with electricity, renewable natural gas (RNG), and hydrogen across the AB 32 GHG Inventory 
Sectors, including buildings. 


No changes to the First Draft EA are required in response to this comment. 


296-4: The commenter states, “CARB’s current proposal relies on increasing dairy digester 
capacity in an attempt to capture dairy manure methane emissions. This proposal will only 
continue to exacerbate the air, water, soil quality, and health impacts borne by communities 
exposed to large herd sizes and factory farming practices. CARB must model and 
recommend the direct regulation of dairy methane emissions starting in 2024 and phase out 
incentives for dairy methane reduction via dairy digesters, which are hazardous and 
ineffective. In the interim, to further reduce enteric methane emissions, CARB should invest 
in transitioning large-scale farming systems to diversified, agroecological systems which have 
more sustainable herd sizes and rely less on emissions-generating practices while increasing 
natural carbon sequestration capacity.” 


Response: The comment states that the 2022 Scoping Plan relies on increasing anaerobic 
digestion capacity at dairies and asserts associated exacerbated air, water, soil quality, and 
health impacts to communities. Impacts related to digester operation proposed under the 
2022 Scoping Plan is addressed throughout the First Draft EA. In regards to the topic areas 
included in the comment, impacts to air quality are addressed in Section 4.B.3, “Air Quality,” 
impacts to water are addressed under Section 4.B.10, “Hydrology and Water Quality,” 
impacts to soil are discussed in Section 4.B.7, “Geology and Soils,” and impacts to heath are 
addressed in Section 4.B.9, “Hazards and Hazardous Materials.” Because the comment does 
not indicate how these resource areas could be affected, no further response can be 
provided. No changes to the First Draft EA are required in response to this comment. 


296-5: The commenter states, “CARB’s Scoping Plan departs from the most common 
understanding of green hydrogen (i.e. hydrogen produced from electrolysis powered by 
renewable electricity) xvii by using it also to refer to hydrogen produced from steam methane 
reformation, gasification, or pyrolysis of biogas and biomass. These forms of hydrogen 
production are not zero-emission. Their production emits significant pollution, and there is no 
meaningful supply of sustainable bio-feedstocks to ensure they are low-carbon. CARB should 
align California’s Scoping Plan with internationally accepted definitions of green hydrogen 
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and reject industry greenwashing. Specifically, green hydrogen should be limited to 
electrolytic hydrogen produced by splitting hydrogen from water using zero-emissions 
renewable solar and wind energy, which is the only established way to produce hydrogen 
without emitting climate or air pollution.” 


Response: As described in Appendix H of the 2022 Scoping Plan, biomass-energy supply 
estimates represent the share of available feedstock that could be economically and 
beneficially used to displace fossil fuels, rather than gross resource potentials. This includes 
estimating supply curves and the costs to utilize biomass resources for energy relative to 
other energy options. The social costs of criteria emissions damages affiliated with leaving 
forestry residues on-site, burning them on-site, or mobilizing them were used to better 
understand which residue-collection areas were likely to yield social benefits if mobilized. 
While some biomass resource is directed to hydrogen production, a significant amount of 
hydrogen in the 2022 Scoping Plan is assumed to be produced from electrolysis powered by 
solar energy to estimate the scenario cost and economic impacts. 


With respect to air pollutant emissions from hydrogen production facilities, the potential 
short-term construction related air quality impacts associated with hydrogen gas generation 
projects are discussed in the First Draft EA in Section 4.3.a, including recognized mitigation 
practices that could enable impacts to be reduced to less than significant level. However, as 
project-level mitigation will be determined by jurisdictions with land use and/or permitting 
authority, the First Draft EA takes a conservative approach in its post-mitigation significance 
and discuses short-term construction-related air quality effects associated with hydrogen gas 
generation projects as potentially significant and unavoidable. In comparison, the First Draft 
EA in Section 4.3.b discusses the long-term operational impacts to air quality reasonably 
foreseeable from implementation of the 2022 Scoping Plan. That section of the First Draft EA 
points to the air quality and public health analysis conducted for the AB 32 GHG Inventory 
Sectors, which utilized output from the PATHWAYS model to develop spatially and 
temporally resolved characterizations of pollutant emissions for all sectors and existing 
sources in California including stationary, area, and mobile source emissions. As described in 
Appendix H of the 2022 Scoping Plan, the air quality analysis only included existing 
sources/facilities and no major functional changes to existing sources were assumed due to 
the uncertainty associated with siting and activity of novel emissions sources and the detailed 
spatiotemporal data required by the modeling that precluded assuming changes in them. 
Therefore, for purposes of the air quality analysis, air pollutant emissions estimates for 
renewable natural gas combustion in stationary sources was treated the same as natural gas 
combustion and new BECCS facilities to produce hydrogen through gasification/pyrolysis 
were not included. However, as described in the second paragraph on page 65 of the First 
Draft EA, the 2022 Scoping Plan would achieve carbon neutrality “through a substantial 
reduction in fossil fuel dependence, while at the same time increasing deployment of 
efficient non-combustion technologies and distribution of clean energy which also has criteria 
pollutant and precursor benefits alongside reducing the exposure of sensitive receptors to 
TAC emissions.” As the air quality analysis shows, the 2022 Scoping Plan would result in 
benefits to ambient air quality, which would decrease corresponding health benefits 
associated with the compliance responses for the AB 32 GHG Inventory Sectors (pages 65-71 
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of the First Draft EA). Therefore, the First Draft EA concludes that the implementation of the 
actions associated with outcomes outlined in the 2022 Scoping Plan are expected to far 
outweigh any long-term operational related emissions increases and would result in high net 
positive overall health benefits over the life of those actions. 


The remainder of the comment is directed toward the contents of the 2022 Scoping Plan 
related to the definition of green hydrogen and does not raise an issue related to the 
adequacy, accuracy, or completeness of the First Draft EA. Nevertheless, as acknowledged in 
the Executive Summary, the 2022 Scoping Plan does not prescribe the energy source to 
produce hydrogen, and therefore, steam methane reformation paired with CCS could be 
considered in the near term to ensure a rapid transition to hydrogen and increase hydrogen 
availability until such time as electrolysis with renewables and biomass-based hydrogen can 
meet the ongoing need. The 2022 Scoping Plan includes steam methane reformation of 
biomethane and biomass gasification with CCS to produce hydrogen, along with electrolytic 
hydrogen produced using approximately 10 GW of off-grid solar-powered electrolysis in 
2045 to estimate the scenario cost and economic impacts. Because this capacity build-out 
takes time and is additive to the growth in demand growth associated with electrification 
across the economy, the state needs to keep options open for other methods to produce 
zero carbon hydrogen at the scale needed to meet the projected demand. The reasonably 
foreseeable compliance responses associated with these options for hydrogen production 
are included in Chapter 4 of the Recirculated Draft EA. The 2022 Draft Scoping Plan had 
estimated that using electrolysis to produce all of the necessary hydrogen for the Scoping 
Plan Scenario would require about 40 GW of solar capacity. 


Furthermore, SB 1075 requires CARB, by June 1, 2024, to prepare an evaluation that 
includes: policy recommendations regarding the use of hydrogen, and specifically the use of 
green hydrogen, in California; a description of strategies supporting hydrogen infrastructure, 
including identifying policies that promote the reduction of GHGs and short-lived climate 
pollutants; a description of other forms of hydrogen to achieve emission reductions; an 
analysis of curtailed electricity; an estimate of GHG and emission reductions that could be 
achieved through deploying green hydrogen through a variety of scenarios; an analysis of the 
potential for opportunities to integrate hydrogen production and application with drinking 
water supply treatment needs; policy recommendations for regulatory and permitting 
processes associated with transmitting and distributing hydrogen from production sites to 
end uses; an analysis of the life-cycle GHG emissions from various forms of hydrogen 
production; and, an analysis of air pollution and other environmental impacts from hydrogen 
distribution and end uses. This evaluation will help inform policy and strategies going forward 
on hydrogen as an alternative fuel in California’s economy. 


296-6: The commenter states, “CARB also alludes to a nonsensical role for CCS on power 
plants, despite the availability of zero-emission generation resources and peak-shaving 
measures. The process of capturing, compressing, transporting, and storing carbon is itself 
energy intensive, though the Scoping Plan does not model the incremental renewable 
energy needed to power it without additional emissions.xxii Furthermore, CCS would not 
resolve potent methane leakage and local pollution problems.” 
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Response: CCS on facilities increases the energy needed at the facility, which would be 
supplied by the same source as the facility energy. For example, a refinery with CCS will use 
less onsite natural gas, electricity, and/or other fossil fuels as demand is reduced, and as 
renewables supply a greater portion of demand, existing fossil-based electricity generation 
will consume less natural gas and onsite electricity to operate; therefore, emissions will be 
reduced. However, the addition of CCS will require more of those energy sources than if the 
facility was not equipped with CCS. The PATHWAYS model calculates annual energy demand 
by fuel type and sector and accounts for the energy needed to support CCS at facilities. The 
air quality and public health analysis utilized output from the PATHWAYS model to develop 
spatially and temporally resolved characterizations of pollutant emissions for all sectors and 
sources in California including stationary, area, and mobile source emissions. The overall 
reductions in fossil fuel consumption in the Scoping Plan Scenario show it will achieve 
improvements in air quality throughout California, including reductions in the levels of ozone 
and PM2.5. 


No changes to the First Draft EA are required in response to this comment. 


296-7: The commenter states, “Further, the Draft Scoping Plan fails to analyze the energy 
demand necessary to power direct air capture, and therefore understates the complexity and 
cost of this technology.” 


Response: As described in the 2022 Scoping Plan (see Chapter 3 and Appendix H), the 
energy required for carbon dioxide removal (CDR) via direct air capture (DAC) was assumed 
to be provided by off-grid solar for consistency with the carbon neutrality target, and the 
economic analysis therefore associated the investment in DAC with the solar industry. The 
First Draft EA in Section 4.6.a discusses the reasonably foreseeable short-term construction 
related effects on energy resources and concludes while the compliance responses would 
require consumption of energy resources, it would be temporary and limited in magnitude 
such that a reasonable amount of energy would be expended. Likewise, the First Draft EA in 
Section 4.6.b discusses the reasonably foreseeable long-term operational related effects on 
energy resources that may be related to mechanical CDR, including increased electricity 
demand being potentially met with increased generation, both onsite and off-site – with 
onsite energy generation and storage and key mitigation strategies involving PV electricity 
generation, battery storage, and microgrid systems. Additional energy capacity in state 
would be achieved through improved energy efficiency, energy storage, demand response, 
and generation resources, with new generation capacity coming from renewable and zero-
carbon resources. The use of any existing natural gas capacity during periods of intermittency 
and for grid reliability would allow the state to invest more heavily in renewable energy, and 
the 2022 Scoping Plan’s actions to enhance renewable energy would be consistent with the 
goals of avoiding unnecessary use of energy on a statewide basis through decreasing overall 
per capita energy consumptions, decreasing reliance on fossil fuels such as natural gas, and 
increasing reliance on renewable energy sources. 


Therefore, the project would not result in potentially significant environmental effects from 
the wasteful, inefficient, or unnecessary consumption of energy resources or conflict with a 
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state or local plan that promotes energy efficiency or renewable energy generation or use. 
No changes to the First Draft EA are required. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 321 


6/20/2022 Cate Steane, 350 Bay Area 


321-1: The commenter states, “I write in opposition to the draft 2022 Scoping Plan. Instead 
of evaluating path to achieve carbon neutrality by 2035, it recommends a path that delays 
achieving carbon neutrality until 2045. It requires little to no immediate action to reduce 
climate pollution and even worse, relies on expensive and unproven technology to meet its 
emission reduction targets. The path laid out in the Scoping Plan will perpetuate fossil fuel 
production and continue to harm California's communities and ecosystems.” 


Response: The comment provides an opinion regarding the 2022 Scoping Plan’s 
perpetuation of fossil fuel production and impacts on communities and ecosystems without 
providing any factual details or substantiation of the statement. No specific environmental 
issues are raised as to the adequacy of the environmental impact analysis. The comment does 
not raise an issue related to the adequacy, accuracy, or completeness of the First Draft EA 
and no further response is required. No changes to the First Draft EA are required in 
response to this comment. 


321-2: The commenter states, “Continuing to rely on existing fossil fuel infrastructure makes 
mitigating the negative effects of climate change more and more difficult. Gas plants emit 
many dangerous pollutants, and the majority of California's gas-fired power plants are 
located in or adjacent to many of the state's most disadvantaged communities.” 


Response: The comment provides an opinion regarding pollutants from gas-fired power 
plants and the ability to mitigate effects of climate change without providing any factual 
details or substantiation of the statement.  


While the Scoping Plan Scenario includes existing gas-power plants, along with other 
renewable and zero-carbon resources selected by the RESOLVE30 model, to meet demand 
and reliability needs through 2045, no new gas-power plant capacity was implemented as a 
modeling constraint consistent with Governor Newsom’s goals. In addition, the Scoping Plan 
Scenario would achieve a reduction in electricity sector fossil gas consumption of 47 percent 


 
30 See 2022 Scoping Plan Appendix H (AB 32 GHG Inventory Sector Modeling) for further description of 
RESOLVE and the electricity sector modeling methodology, https://ww2.arb.ca.gov/sites/default/files/2022-
11/2022-sp-appendix-h-ab-32-ghg-inventory-sector-modeling.pdf 
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from 2022 to 2045, consistent with the Recirculated Draft EA’s project description for further 
transition away from fossil fuel-based electricity generation. The integrated modeling for the 
AB 32 GHG Inventory Sectors shows a substantial reduction in pollutant emissions from the 
Scoping Plan Scenario relative to the Reference Scenario, including NOx,PM2.5, and ROG, 
with corresponding significant health benefits. Overall, the deployment of more renewable 
energy, would reduce fossil-fuel power plant electricity generation and therefore decrease 
associated air emissions. Any significant increase in the levels of pollutants or modifications 
to operations at existing power plants beyond those allowed in air permits would be 
regulated through the local air district permitting process. 


No specific environmental issues are raised as to the adequacy of the environmental impact 
analysis. The comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the First Draft EA and no further response is required. No changes to the 
First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 344 


6/21/2022 Chris Paros 


344-1: The commenter states, “The 2022 update does not adequately address the primary 
source of GHGe - transportation vehicle emissions.” 


Response: The Scoping Plan Scenario, which is summarized in Table 2-2 of the 2022 Scoping 
Plan, addresses the three general categories of transportation GHG emissions: technology 
(vehicles themselves, including fueling infrastructure), fuels (energy powering vehicles), and 
vehicles miles traveled (VMT) (product of development patterns and transportation options), 
with actions aimed primarily at transitioning away from fossil fuel combustion. Technology 
actions are included for light-duty vehicles, trucks, aviation, ocean-going vessels, port 
operations, and freight and passenger rail. Low carbon transportation fuels substitutes for 
petroleum include electricity, advanced biofuels, and hydrogen (see Figure 4-2 of the 2022 
Scoping Plan illustrating changes in the transportation fuel mix in the Scoping Plan Scenario); 
and smart growth actions will target VMT per capita reductions. If successfully implemented, 
the Scoping Plan Scenario is estimated to reduce petroleum demand (gasoline and diesel 
used in transportation) by 91 percent. The Scoping Plan Scenario serves as the CEQA project 
for the First Draft EA. The reasonably foreseeable compliance responses associated with the 
actions in the Scoping Plan Scenario are described on pages 18-21 of the First Draft EA, and 
GHG emissions impacts are discussed on pages 122-126 of the First Draft EA. 


No changes to the First Draft EA are required in response to this comment. 
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344-2: The commenter states, “Electric vehicles rely on a power grid that has been 
undermined by wildfires and drought” 


Response: The comment provides a general statement regarding the reliance of electric 
vehicles on a power grid that has been undermined by wildfire and drought. No specific 
environmental issues are raised as to the adequacy, accuracy, or completeness of the 
environmental impact analysis included in the First Draft EA. No changes to the First Draft EA 
are required in response to this comment. 


344-3: The commenter states, “Electric vehicles use batteries made from materials that are 
limited in supply and hazardous” 


Response: The environmental impacts related to minerals mining to support increased 
production of batteries is described throughout the First Draft EA including in Section 4.B.12, 
“Mineral Resources,” and Section 4.B.9, “Hazards and Hazardous Materials.” No specific 
environmental issues are raised as to the adequacy, accuracy, or completeness of the 
environmental impact analysis included in the First Draft EA. No changes to the First Draft EA 
are required in response to this comment. 


344-4: The commenter states, “Strategy does nothing to directly address the millions of 
polluting vehicles on the roads now.” 


Response: This comment does not identify any potential adverse environmental impacts from 
the proposed project; rather, it identifies existing environmental considerations resulting 
from vehicles currently operating in the state (i.e., in the environmental baseline). CARB 
provides the following response for informational purposes regarding the state’s transition 
toward zero emission vehicles. 


The Scoping Plan Scenario includes achievement of Executive Order N-79-20, eventually 
eliminating internal combustion engines in new vehicle sales and the majority of legacy 
vehicle fleets. The scenario will achieve 100 percent zero-emission vehicle (ZEV) sales for the 
light-duty class by 2035 and 100 percent ZEV sales for the medium- and heavy-duty classes 
by 2040 (see Table 2-2 of the 2022 Scoping Plan). Figure 4-1 of the 2022 Scoping Plan 
illustrates the transition of on-road vehicle sales to equipment stock and its turnover to ZEV 
technology in the Scoping Plan Scenario over time. 


No changes to the First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter 346 


6/21/2022 Rebecca Wright, Indigo 


346-1: The commenter states, “Approach to measuring GHG reductions and carbon 
dioxide removal from agricultural practices  
To quantify the GHG reductions from field-based practices, we propose a two-tiered method 
consisting of a biogeochemical model supported by field sampling to quantify the reductions 
in GHG emissions and carbon dioxide removal. Biogeochemical models are increasingly 
being used to calculate the methane, nitrous oxide (N2O), and carbon sequestration from 
agronomic practices. A recent paper demonstrated that these models are capable of 
calculating seasonal and annual total N2O emissions from a diverse array of crops and these 
calculations are more accurate “than the Intergovernmental Panel on Climate Change 
emission factor approach.”21 The state of California already uses biogeochemical models to 
calculate N2O emissions from agricultural soil management in croplands.22 These same 
models will be used in future versions of the State’s NWL Inventory for the calculation of soil 
carbon fluxes.23” 


Response: The commenter recommends use of a biogeochemical model along with field 
sampling to model GHG impacts from agronomic practices. This comment raises agriculture 
specific environmental issues related to the First Draft EA. A biogeochemical model was used 
by CARB staff in the analysis, as suggested by the commenter. Various models were 
considered for assessing agricultural lands. DayCent, a biogeochemical models that 
estimates both carbon and nitrogen cycles, was eventually chosen to simulate annual 
agricultural lands. DNDC was also considered, which is the current model used within CARB’s 
N2O emissions inventory. However, DNDC is not developed for future projection modeling 
that takes into account changes in climate smart agricultural practices and climate change 
over longer periods of time. The 2022 Scoping Plan’s NWL analysis is discussed in detail in 
Appendix I. These GHG emissions are disclosed in the First Draft EA Section 4.8.a and in 
Table 4-13. No changes to the First Draft EA are required in response to this comment.  


Responses to this comment letterhave been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 356 


6/21/2022 Jennifer Hernandez, The Two Hundred for Homeownership 


356-1: The commenter states, “The Scoping Plan, and accompanying Environmental 
Assessment (Appendix B), AB 197 Analysis (Appendix C), and Sustainable Communities 
Analysis (Appendix E), neither acknowledge or analyze the racially disparate harms created 
by depriving middle (80-120%) income working households of continued access to reliable, 
low cost, increasingly lower emission cars and pickup trucks. Instead, Appendix C simply 
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concludes that both a fleet change to EV vehicles and a radical (and infeasible) 30% reduction 
in VMT are required to achieve California's equally-unlegislated 2045 climate target 
Executive Order. (App. C, p. 5)” 


Response: The comment does not specify nor provide any evidence to substantiate the 
alleged “harms” that may occur from fleet changes and reduced VMT. Additionally, the 
comment relies on the commenter’s misrepresentations about what the 2022 Scoping Plan 
would actually do, and does not specify or provide any evidence that the 2022 Scoping Plan 
itself would deprive any households of continued access to reliable, low cost, increasingly 
lower emission cars and pickup trucks. The comment appears to raise and assume without 
explanation social or environmental justice issues, which are not required to be analyzed 
pursuant to CEQA. The comment does not raise an issue related to the adequacy, accuracy, 
or completeness of the First Draft EA and no further response is required, although CARB 
disagrees firmly with the commenter’s claims, including those regarding claimed racially-
disparate harms. CARB also notes that the 2045 carbon neutrality target is now set in statute 
by 2022 legislation AB 1279 (Muratsuchi, Chapter 337, Statutes of 2022). No changes to the 
First Draft EA are required in response to this comment. 


356-2: The commenter states, “CARB's failure to acknowledge the life-cycle carbon 
emissions from a radical vehicular fleet shift is another fatal flaw in the Scoping Plan and 
related appendices. DMV reports that California has more than 34 million registered vehicles 
(https://www.dmv.ca.gov/portal/news-and-media/dmv-statistics/), only 663,000 were EVs. 
Even when hybrids (which still include internal combustion engines) are also counted, only 
about a million cars in California's fleet are not exclusively powered by internal combustion 
engines as of February 2022.  
https://www.greencarreports.com/news/1135176_california-one-million-plug-in-ev-sales-five-
million-by-2030” 


Response: Please refer to Response to Comment 356-4. In Chapter 1, the 2022 Scoping Plan 
discusses embedded carbon in products, also referred to as life-cycle emissions. Emissions 
considered in this type of assessment may be associated with sourced materials and 
production outside a jurisdiction’s borders and can provide more complete insight into 
emissions associated with products we use. However, the 2022 Scoping Plan did not conduct 
a life-cycle emissions analysis, rather the 2022 Scoping Plan remained consistent with 
international GHG emissions accounting standards and concerns to reduce the likelihood of 
double counting of emissions across jurisdictions. It should be noted that CARB does have 
programs such as the Low Carbon Fuel Standard (LCFS) that are based on the principle that 
each fuel has “life cycle” GHG emissions and therefore examines the GHG emissions 
associated with the production, transportation, and use of a given fuel, as well as significant 
indirect effects on GHG emissions such as changes in land use for some biofuels. The 
commenter also appears to overlook that CARB’s zero-emissions vehicle programs typically 
involve new vehicle sales requirements, and with limited exceptions, do not eliminate or ban 
existing internal-combustion-engine vehicles from the state. Even the limited programs that 
do involve fleet turnover requirements would do so over a period of time, and generally 
would allow for a minimum useful life.  



https://www.dmv.ca.gov/portal/news-and-media/dmv-statistics/

https://www.greencarreports.com/news/1135176_california-one-million-plug-in-ev-sales-five-million-by-2030

https://www.greencarreports.com/news/1135176_california-one-million-plug-in-ev-sales-five-million-by-2030
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While CARB did not commission a life-cycle emissions analysis for the 2022 Scoping Plan, no 
such analysis is necessary. Numerous studies have shown the lifecycle GHG reduction 
potential of the types of vehicles relevant to CARB’s electrification programs, where lifecycle 
emissions include well-to-wheel operations but also vehicle manufacturing and disposal. The 
use of different parts, materials, and processes to build components unique to electric 
vehicles, especially the type and size of batteries, means that emissions from building an 
electric vehicle differ from those of building comparable gasoline vehicles. With gasoline 
cars, vehicle operation accounts for most of the lifetime emissions, while for battery-electric 
vehicles (BEV), emissions from manufacturing are a more significant contributor to the total 
lifecycle emissions. Despite marginally higher emissions from vehicle manufacturing, BEVs on 
average have much lower lifecycle GHG emissions than comparable gasoline vehicles, as 
manufacturing emissions are quickly offset by reduced emissions from operation.31 As the 
carbon intensity of the California grid continues to decline per the 100 Percent Clean Energy 
Act of 2018,32 BEV lifecycle GHG intensities will continue to fall. Similarly, the Department of 
Energy’s cradle-to-grave lifecycle GHG emission analysis for small sport utility vehicles found 
that future BEVs and FCEVs would have lower lifecycle emissions than even the lowest 
carbon intensity drop-in renewable fuel, while current BEVs, FCEVs, and PHEVs have lower 
lifecycle emissions than any ICEV or hybrid gasoline vehicle.33 Furthermore, the ZEV 
Transition Council found that for medium-size passenger cars registered in 2030, ZEVs and 
PHEVs have significantly better lifecycle GHG performance than a conventional vehicle (on 
both an estimated average global grid and one powered solely by renewable electricity).34 
These studies indicate that for light-duty vehicles lifecycle GHG emissions are lower than for 
similar class ICEVs.  


Beyond their carbon emissions benefits, zero-emission vehicles also do not emit criteria and 
air toxics pollutants when operated and do not have upstream emissions of these pollutants 
from production and delivery of petroleum fuels – a substantial benefit to California’s 
disadvantaged communities that are frequently located near freeways and other major 
vehicular transportation corridors. The lifecycle emissions of all pollutants are lower for zero-
emission vehicles than vehicles powered by combustion. 


No changes to the First Draft EA are required in response to this comment. 


 
31 Nealer, Rachael, David Reichmuth, and Don Anair. 2015. Cleaner Cars from Cradle to Grave: How Electric 
Cars Beat Gasoline Cars on Lifetime Global Warming Emissions. Union of Concerned Scientists. November. 
Accessed July 8, 2022. https://www.ucsusa.org/sites/default/files/attach/2015/11/Cleaner-Cars-from-
CradletoGrave-full-report.pdf. 
32 Senate Bill 100, Stats. 2018, ch. 312. 
33 Elgowainy, Amgad, Jarod Kelly, Michael Wang. 2020. “Life Cycle Greenhouse Gas Emissions for Small Sport 
Utility Vehicles.” U.S. Department of Energy Record #21003. November 1. Accessed June 7, 2022. 
https://www.hydrogen.energy.gov/pdfs/21003-life-cycle-ghg-emissions-small-suvs.pdf. 
34 Searle, Stephanie, Georg Bieker, and Chelsea Baldino. 2021. Decarbonizing Road Transport By 2050: 
ZeroEmission Pathways for Passenger Vehicles. 1-14. July 20. Accessed July 8, 2022. 
https://theicct.org/wpcontent/uploads/2021/12/zevtc-decarbonizing-by-2050-Jul2021%E2%80%AF.pdf. 
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356-3: The commenter states, “The CARB Scoping Plan EA does not acknowledge the 
massive solid and hazardous wastes created by the planned elimination of internal 
combustion vehicles….” 


Response: Chapter 2 of the First Draft EA describes reasonably foreseeable compliance 
responses associated with the expanded use of zero-emission mobile source technology 
including increased recycling or refurbishment of batteries and increased solid waste disposal 
or recycling from the scrapping of old equipment. Hazardous wastes from the Expanded Use 
of Zero-Emission Mobile Source Technology Actions, including management of batteries, are 
addressed under Section 4.9.b in the First Draft EA. As discussed on pages 131-132 of the 
First Draft EA, disposal of lithium-ion batteries and hydrogen fuel cells would need to comply 
with California law, including but not limited to California’s Hazardous Waste Control Law 
and implementing regulations. Specific applicable laws and regulations that would apply 
include (but are not limited to) the Hazardous Waste Program specified under Subtitle C of 
the federal Resource Conservation and Recovery Act; federal Toxic Substances Control Act; 
Comprehensive Environmental Response, Compensation, and Liability Act; Hazardous 
Materials Transportation Act; and other applicable laws and regulations. 


356-4: The commenter states, “The CARB Scoping Plan EA does not acknowledge… the 
massive global GHG emissions (ranging from mining to mineral processing to fabrication to 
manufacturing to shipping) of the batteries and other components required to produce a 
replacement all-electric fleet. CARB acknowledges job losses among car mechanics, but not 
the massive environmental impacts of a radical fleet turnover mandate.” 


Response: Contrary to the commenter’s assertions, there is no “radical fleet turnover 
mandate” in the 2022 Scoping Plan. Rather, the 2022 Scoping Plan focuses on new vehicle 
sales requirements. Refer to response to comment 356-5.35 


Regarding the commenter’s claims about impacts from manufacturing new vehicles, 
numerous studies have shown the lifecycle GHG reduction potential of zero-emission vehicles 
included in the 2022 Scoping Plan, where lifecycle emissions include well-to-wheel operations 
but also vehicle manufacturing and disposal. The use of different parts, materials, and 
processes to build components unique to electric vehicles, especially the type and size of 
batteries, means that emissions from building an electric vehicle differ from those of building 
comparable gasoline vehicles. With gasoline cars, vehicle operation accounts for most of the 
lifecycle emissions, while for battery electric vehicles (BEVs), emissions from manufacturing 
are a more significant contributor to the total lifecycle emissions. Despite higher emissions 
from vehicle manufacturing, BEVs on average have much lower lifecycle GHG emissions than 
comparable gasoline vehicles, as manufacturing emissions are quickly offset by reduced 


 
35 For further discussion regarding how new vehicle sales goals and requirements work, and for information on 
other vehicle electrification-related considerations, see also the August 24, 2022 Final EA and the August 24, 
2022 Response to Comments documents for the Advanced Clean Cars II Program rulemaking, available on 
CARB’s rulemaking webpage at https://ww2.arb.ca.gov/rulemaking/2022/advanced-clean-cars-ii. 
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emissions from operation.36 A Life Cycle Analysis Report from SwRI (Project No. 26587), 
shows that sedan, crossover, and pickup BEVs on a 2019 California grid (using EIA database 
GHG intensity data) have lower carbon lifecycle emissions than virtually any other fuel 
(including low-carbon fuel) and technology combination.37 As the carbon intensity of the 
California grid continues to decline per the 100 Percent Clean Energy Act of 2018,38 BEV 
lifecycle GHG intensities will continue to fall. Similarly, the Department of Energy’s cradle-to-
grave lifecycle GHG emission analysis for small sport utility vehicles found that future BEVs 
and FCEVs would have lower lifecycle emissions than even the lowest carbon intensity drop-
in renewable fuel, while current BEVs, FCEVs, and PHEVs have lower lifecycle emissions than 
any ICEV or hybrid gasoline vehicle.39 Furthermore, the ZEV Transition Council found that for 
medium-size passenger cars registered in 2030, ZEVs and PHEVs have significantly better 
lifecycle GHG performance than a conventional vehicle (on both an estimated average global 
grid and one powered solely by renewable electricity).40 These studies indicate that for light-
duty vehicles lifecycle GHG emissions are lower than for similar class ICEVs. Besides the 
carbon emissions, zero-emission vehicles also do not emit evaporative or exhaust criteria and 
toxic pollutants and do not have upstream emissions of these pollutants from production and 
delivery of petroleum fuels. The lifecycle emissions of all pollutants are lower for zero-
emission vehicles than vehicles powered by combustion. 


CARB recognizes that its rules and regulations aimed at decarbonizing the state through use 
of zero-emission technology may induce new demand for various metals including lithium, 
graphite, cobalt, nickel, copper, manganese, chromium, zinc, and aluminum. Additionally, the 
production of hydrogen fuel cells commonly requires the use of platinum. Expert research 
has shown how a zero-emission vehicle future can be achieved, including through battery 
recycling practices, which are anticipated to scale up along with BEV prevalence.41 
Furthermore, CARB does not intend to limit the types of batteries that may be used to 
comply with zero-emission vehicle sales requirements called for by the 2022 Scoping Plan 
and recognizes that future zero-emission technologies may be developed that use other 


 
36 Nealer, Rachael, David Reichmuth, and Don Anair. 2015. Cleaner Cars from Cradle to Grave: How Electric 
Cars Beat Gasoline Cars on Lifetime Global Warming Emissions. Union of Concerned Scientists. November. 
Accessed July 8, 2022. https://www.ucsusa.org/sites/default/files/attach/2015/11/Cleaner-Cars-from-Cradleto-
Grave-full-report.pdf. 
37 The SwRI report was submitted by Elizabeth Bourbon representing Valero to the Advanced Clean Cars 
docket (public comment letter OP-140), which can be found on the online Board Meeting Comments Log at: 
https://www.arb.ca.gov/lispub/comm/iframe_bccommlog.php?listname=accii2022&_ 
ga=2.146673396.1346155275.1657904003-1805581018.1619638948. 
38 Senate Bill 100, Stats. 2018, ch. 312. 
39 Elgowainy, Amgad, Jarod Kelly, Michael Wang. 2020. “Life Cycle Greenhouse Gas Emissions for Small Sport 
Utility Vehicles.” U.S. Department of Energy Record #21003. November 1. Accessed June 7, 2022. 
https://www.hydrogen.energy.gov/pdfs/21003-life-cycle-ghg-emissions-small-suvs.pdf. 
40 Searle, Stephanie, Bieker, Georg, and Baldino, Chelsea. 2021. Decarbonizing Road Transport By 2050: Zero-
Emission Pathways for Passenger Vehicles. 1-14. July 20. Accessed July 8, 2022. https://theicct.org/wp-
content/uploads/2021/12/zevtc-decarbonizing-by-2050-Jul2021%E2%80%AF.pdf. 
41 See, e.g., Slowik, Peter, Lutsey, Nic, and Hsu, Chih-Wei. 2020. How Technology, Recycling, and Policy Can 
Mitigate Supply Risks to the Long-Term Transition to Zero-Emission Vehicles. https://theicct.org/wp-
content/uploads/2021/06/zev-supply-risks-dec2020.pdf 
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minerals, metals, or resources. CARB also recognizes that there are different sources of GHG 
emissions associated with different vehicle technologies. In the case of battery and electrified 
vehicle technology material requirements and manufacturing, the transportation of lithium, 
nickel, cobalt, and platinum domestically and worldwide would generate GHG emissions 
from vehicle and vessel movement that ship and distribute resources to global manufacturing 
facilities. Additionally, the mining of these resources would require the use of heavy 
equipment, which would likely be powered by diesel fuel, the combustion of which would 
produce GHG emissions. However, the emission benefits from the use of these materials in 
ZEVs would ultimately offset the emissions from combustion of gasoline, diesel, and other 
fossil fuels from the development and use of these battery materials resources. Additionally, 
the development and transport of materials and fuels for conventional vehicles would need 
to be considered with an evaluation of the net GHG emissions when a conventional vehicle is 
not manufactured and used. 


CARB also recognizes that it is not solely responsible for an increase in demand for these 
metals. The federal government recently enacted legislation providing significant support for 
ZEVs. The Inflation Reduction Act of 202242 provides significant tax credits for new and used 
ZEVs43 and electric vehicle charging infrastructure.44 It provides an advanced manufacturing 
tax credit for production of critical minerals used in ZEV batteries45 and appropriates $500 
million for “enhanced use” under the Defense Production Act to incentivize critical mineral 
production.46 It authorizes the Department of Energy to commit up to an additional $40 
billion in loan guarantees (on top of an existing program of $24 billion) for innovative 
technologies, which includes projects that avoid GHGs and other air pollutants or that 
employ new or improved technologies.47 Various international efforts are also underway to 
electrify the mobile-source sector pursuant to commitments made in the European Union,48 
United Nations (UN) Paris Accord, Kyoto Protocol, and by members of the Under2 Coalition, 
among others. It is also important to note that ICEVs require aluminum alloys, magnesium, 
iron, and steel, which are all metals that already require extensive mining with similar physical 
impacts to the environment that were identified in Chapter 4 of the First Draft EA, including 
loss of habitat, agricultural resources, and forests; water, air, and noise pollution; and 
erosion. As a result, while federal and international action are likely to independently cause 
environmental impacts related to critical minerals, including those impacts analyzed in the 
First Draft EA for the 2022 Scoping Plan, CARB has nonetheless conservatively analyzed the 


 
42 Pub.L. No: 117-169 (Aug. 16, 2022) 136 Stat. 1818. 
43 Id., § 13401, amending 26 U.S.C. § 30D. 
44 Id., § 13404, amending 26 U.S.C. § 30C. 
45 Id., § 13502, adding 26 U.S.C. § 45X. 
46 Id., § 30001. 
47 Id., § 50141. 
48 Proposal for a Regulation of the European Parliament and of the Council amending Regulation (EU) 2019/631 
as regards strengthening the CO2 emission performance standards for new passenger cars and new light 
commercial vehicles in line with the Union’s increased climate ambition, COM/2021/556 final, May 11, 2022.  
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full range of reasonably foreseeable environmental effects that may result from the 2022 
Scoping Plan. 


In response to the industry’s electrification commitments and potential obligations, the 
recycling of lithium-ion batteries is also increasing to ensure that minerals are recovered and 
reused instead of discarded.49 Widespread battery recycling would keep hazardous materials 
from entering the waste stream, both at the end of a battery's useful life and during its 
production. Work is now under way to develop battery-recycling processes that minimize the 
lifecycle impacts of using batteries in vehicles. Batteries that power vehicles will be recycled 
at recycling facilities, where they will be transformed into valuable scrap commodities like 
cobalt, copper, nickel, and lithium carbonate, which can then be used to produce another 
battery more efficiently. Battery recycling can also reduce the demand for virgin materials 
used in the production of new batteries.50 Policy recommendations aimed at ensuring that as 
close to 100 percent as possible of lithium-ion vehicle batteries in the state are reused or 
recycled at end-of-life in a safe and cost-effective manner have also been submitted to the 
California Legislature by the Lithium-Ion Car Battery Recycling Advisory Group.51  


New sources of lithium, among other minerals, have been identified internationally and 
domestically, including new mining opportunities in California’s Imperial Valley. The CEC’s 
Lithium Valley Commission estimates that the Imperial Valley may have sufficient lithium 
supplies to meet 40 percent of the world’s total lithium demand, which would be coupled 
with renewable energy and more sustainable extraction processes. The report notes that 
lithium recovery technologies proposed for use in Imperial County, direct lithium extraction 
from geothermal brine, result in a much lower environmental effect than hard rock mining 
and evaporation ponds. Direct lithium extraction technologies are designed to recover 
lithium and other minerals as the geothermal brine flows through pipelines and tanks and 
over a surface or substance that removes the lithium and other minerals before returning the 
brine deep underground (Paz et al. 2022).52  


Industry is also rapidly moving to batteries with different chemistries or formats to address 
concerns with mineral supply chain issues or human rights concerns.53 Moreover, the 


 
49 Redwood Materials, Inc. 2022. California Electric Vehicle & Hybrid Battery Recycling Program. Accessed 
August 8, 2022. https://www.redwoodmaterials.com/california-recycling-program#.   
50 Dunn, Jessica, Margaret Slattery, Alissa Kendall, Hanjiro Ambrose, and Shuhan Shen. 2021. “Circularity of 
Lithium-Ion Battery Materials in Electric Vehicles.” Environ. Sci. Technol. 2021, 55, 8, 5189–
5198. https://pubs.acs.org/doi/abs/10.1021/acs.est.0c07030. 
51 California Environmental Protection Agency. 2022. Lithium-Ion Car Battery Recycling Advisory Group Final 
Report. March 16. Accessed June 16, 2022. https://calepa.ca.gov/wp-
content/uploads/sites/6/2022/05/2022_AB-2832_LithiumIon-Car-Battery-Recycling-Advisory-Goup-Final-
Report.pdf. 
52 Paz, Silvia (Chair); Kelley, Ryan E. (Vice Chair); Castaneda, Steve; Colwell, Rod; Dolega, Roderic; Flores, 
Miranda; Hanks, James C.; Lopez, Arthur; Olmedo, Luis; Reynolds, Alice; Ruiz, Frank; Scott, Manfred; Soto; 
Tom; Weisgall, Jonathan. 2022. Report of the Blue Ribbon Commission on Lithium Extraction in California. 
California Energy Commission. Publication Number: CEC-300-2022-009-D. 
53 Visnic, Bill. 2020. “GM's Ultium Battery System Future-Proofed.” SAE International. May 22. Accessed March 
11, 2022. https://www.sae.org/news/2020/05/gm-ultium-battery-update. 
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Advanced Clean Cars II program requires that ZEV batteries be labelled to facilitate second 
use and recycling processes, enabling conservation of semi-precious metals used in the 
manufacturing process of ZEV batteries. The Advanced Clean Cars II program also includes 
provisions that would result in longer-lasting ZEVs, such as minimum requirements for range 
and durability, that could help reduce disposal impacts from ZEVs when compared to ICEVs. 


Nevertheless, the First Draft EA makes a good faith effort to disclose the potentially adverse 
environmental impacts related to the mining, manufacturing, and recycling of lithium-ion and 
even nickel-hydride batteries throughout its analysis, consistent with Section 15002(g) of the 
State CEQA Guidelines.54 Potentially adverse impacts related to mining activities are 
identified in various portions of the First Draft EA including Sections 4.4.b, 4.6.b, 4.9.b, and 
4.10.b, among other impacts. The First Draft EA analysis draws conclusions based on 
available facts and makes disclosures while avoiding mere speculation that is not allowed 
under CEQA. 


The First Draft EA does not attempt to capture the potential effects of mining the full range 
of existing and potential battery materials because it would be speculative to attempt to 
predict the specific methods, locations, and extent of mining conducted to extract these 
global commodity minerals, metals, and resources in the future. Nevertheless, the EA makes 
a good-faith effort to disclose potentially adverse environmental effects of increased mining 
activity. Notably, of the aforementioned metals (i.e., lithium, graphite, cobalt, nickel, copper, 
manganese, chromium, zinc, aluminum, and platinum), lithium is often mined using brine 
mining (i.e., pumping and processing of brine water), whereas the other metals are harvested 
using surface open pit or underground extraction of ores followed by a variety of processing 
techniques. Where appropriate, the environmental impacts associated with brine, open pit, 
and underground mining are disclosed, which is intended to reasonably describe the types of 
impacts associated with the increased mining of these metals. 


As emphasized in the First Draft EA throughout Chapter 4, following the recommendation of 
resource-specific project-level mitigation measures, the authority to determine project-level 
impacts and require project-level mitigation lies with land use and/or permitting agencies for 
individual projects, and the programmatic level of analysis associated with the EA does not 
attempt to address project-specific details of mitigation; there is inherent uncertainty in the 
degree of mitigation that may ultimately be implemented to reduce potentially significant 
impacts. The First Draft EA makes a good faith effort to disclose potentially significant 
impacts and proposes project-level mitigation measures that could be implemented to 
reduce impacts. Pursuant to Section 15002(g) of the CEQA Guidelines, the EA identifies a 
significant effect, and CARB, the legal entity approving the 2022 Scoping Plan, determines 
whether the adverse environmental effects can be substantially reduced and explains why 
they may not. In the context of the First Draft EA, and the potentially significant impacts 
identified that may occur outside of the state, CARB cannot, without speculating, precisely 
predict the locations of these impacts nor account for the regulatory environment that may 
be capable of reducing impacts to a less-than-significant level. For instance, mining activities 


 
54 California Code of Regulations, title 14. 
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that occur overseas in countries that may have fewer regulations in place to mitigate 
environmental impacts are beyond CARB’s authority to mitigate or regulate. Nevertheless, 
these potential adverse impacts are identified and disclosed in the First Draft EA.  


The First Draft EA also summarizes potential short-term construction-related and long-term 
operational-related effects to mineral resource impacts and discloses data pertaining to 
worldwide production and reserves for lithium, nickel, cobalt, platinum, and palladium. 
Implementation of the 2022 Scoping Plan and associated compliance responses would result 
in an increase in mining for critical minerals, but the impact would be generally small when 
viewed in the context of global mineral markets. There is no evidence to suggest that the 
incremental mineral demand relating to the 2022 Scoping Plan has any potential to result in 
the loss of availability of a known mineral resource of value to the state or to the residents of 
the state, or result in the loss of availability of a locally-important mineral resource recovery 
site identified in a local land use plan. (See CEQA Appendix G, Section XII, Mineral 
Resources.) Implementation of the 2022 Scoping Plan would not be anticipated to 
substantially affect the availability related to known mineral resources or supply. Also refer to 
responses to comments 356-4 and 566-10. 


356-5: The commenter states, “These are not speculative impacts: impacts from trashing cars 
are well known, and waste volumes increase when engine parts can no longer be recovered 
and reused with the internal combustion phase-out. Cars are about 1500 tons each; trashing 
35 million cars creates waste volumes of over 52 million tons. Where does this waste end up, 
and how does it get there? Many of these wastes are hazardous if not properly handled; the 
EA includes no analysis of the capacity of waste management facilities to cope with this 
massive influx of inert and partly hazardous waste.” 


Response: The First Draft EA addresses disposal of vehicles, and the potentially hazardous 
conditions related to disposal of vehicular components. The commenter fails to acknowledge 
that the vehicle electrification measures in the 2022 Scoping Plan are new vehicle sales goals, 
not used-vehicle turnover or scrappage requirements.55 The commenter’s claims about 
accelerating vehicle scrappage are therefore unsupported. While the 2022 Scoping Plan 
could increase the rate of deployment of zero-emission mobile technologies, it would not 
affect how existing vehicles are disposed. As discussed on page 217 of the First Draft EA, the 
2022 Scoping Plan could “… result in reuse and/or disposal of vehicles outside of California. 
Lithium-ion batteries may be recycled.” However, as disclosed further on that same page, 
“While deployment of the 2022 Scoping Plan may result in the increased production, use, 
and disposal of zero- and near zero-emission lead acid batteries, these increased levels would 
not generate notable strain on existing manufacturing, disposal, and recycling facilities such 


 
55 Even if the 2022 Scoping Plan included vehicle turnover requirements or the “ban” suggested by the 
commenter, which it does not, it is unclear why the commenter believes this would result in vehicle scrappage 
rather than other potential responses, such as selling the vehicle in another vehicle market. See also response to 
comment S-15-2-1 in the Responses to Comments for the Advanced Clean Cars II Program, available at 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/acciirtc1.pdf.  



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/acciirtc1.pdf
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that additional adverse effects on utilities would occur. This impact would be less than 
significant.” 


The potential for impacts related to hazardous waste disposal is addressed in Section 4.9.b: 
Long-Term Operational-Related Effects on Hazards and Hazardous Materials. As described 
under b) Expanded Use of Zero-Emission Mobile Source Technology Action on pages 131-
132 of the First Draft EA, “[T]he transport, use, and disposal of hazardous materials would be 
required to comply with all applicable federal, State, and local laws that would reduce the 
potential for accidents and require certain actions should a spill or release occur; however, 
the potential remains for the release of hazardous materials into the environment. As further 
addressed in the third paragraph on page 132, “…any increased rates of disposal of lithium-
ion batteries and hydrogen fuel cells would need to comply with California law, including but 
not limited to California’s Hazardous Waste Control Law and implementing regulations. 
Compliance with the appropriate federal and State laws governing the handling of 
potentially hazardous materials would be sufficient to minimize the risks from lithium-ion 
batteries and fuel cells because they ensure adequate handling and disposal safeguards to 
address these risks.” Due to compliance with existing regulations, impacts related to hazards 
and hazardous waste associated with expanded use of zero-emission mobile source 
technologies would be less than significant (last paragraph on page 140 of the First Draft 
EA).  


The commenter does not provide any specific information related to environmental impacts 
associated with disposal or reuse of vehicles for which further response can be provided. 


356-6: The commenter states, “California Environmental Quality Act (CEQA) Guidelines also 
specify that CARB must consider a reasonable range of alternatives, which “shall include 
those that could feasibly accomplish most of the basic objectives of the project and could 
avoid or substantially lessen one or more of the significant effects.”40 


40  2022 CEQA Statutes & Guidelines § 15126.6(c).” 


Response: Chapter 7 of the First Draft EA, “Alternatives Analysis,” describes the approach to 
the analysis, selection of a range of alternatives, and a robust evaluation of alternatives to the 
2022 Scoping Plan. The comment does not raise an issue related to the adequacy, accuracy, 
or completeness of the First Draft EA and no further response is required. No changes to the 
First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter 362 


6/21/2022 Jorge De Cecco 


362-1: The commenter states, “Thinning does not make forests less vulnerable to fire. 
Recent studies have shown that it often worsens fire risk.” 


Response: The comment provides an opinion that forest thinning worsens fire risk without 
providing any factual details or substantiation of the statement. This is a general statement in 
opposition to fuels reductions actions addressed in the First Draft EA. No specific 
environmental issues are raised as to the adequacy, accuracy, or completeness of the 
environmental impact analysis included in the First Draft EA. No changes to the First Draft EA 
are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 369 


6/21/2022 Jean Tepperman, 1000 Grandmothers for Future Generations 


369-1: The commenter states, “Biogas perpetuates the reliance on methane -- a potent 
greenhouse gas that always leaks.” 


Response: Biogas, generated from the degradation of organic materials in landfills, 
wastewater treatment plants, and other sectors, is a low carbon and sustainable source of 
fuel that can replace non-renewable fossil natural gas. Biomethane is produced by upgrading 
biogas (a process that removes CO2 and other contaminants present in the biogas) to 
generate a pipeline-quality gas that is interchangeable with conventional fossil natural gas., 
The use of upgraded biogas as a fuel mitigates methane that could otherwise have escaped 
from landfills, dairies, or other sectors. Leaks of all types of gas associated with the gas 
system are expected to be reduced as infrastructure is reduced in line with decreases in fossil 
fuel demand as indicated in the Proposed Scenario. CARB’s oil and gas methane regulation56 
requires leak detection and repair and ambient air monitoring for underground natural gas 
storage facilities that may also include biomethane. Additionally, the CPUC’s SB 1371 (Leno, 
Chapter 525, Statues of 2014) Natural Gas Leak Abatement Program implements rules and 
procedures for commission-regulated pipeline facilities that are designed to mitigate leaks 
and corresponding methane emissions from the gas transmission and distribution system. 
Implementation of the 2022 Scoping Plan would expand leak reduction efforts, regardless of 


 
56 https://ww2.arb.ca.gov/resources/documents/oil-and-gas-regulation  



https://ww2.arb.ca.gov/resources/documents/oil-and-gas-regulation
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whether the methane was sourced from fossil gas or biogas, so there would be an overall 
reduction in greenhouse gases from any methane infrastructure leaks in the future. 


No changes to the First Draft EA are required in response to this comment.  


369-2: The commenter states, “CCS increases pollution in local communities because it 
requires more energy use. Public money spent on CCS is often wasted becaus1 projects are 
abandoned as unfeasible and/or fail to remove as mucl CO2 as promised.” 


Response: CCS on facilities increases the energy needed at the facility, which would be 
supplied by the same source as the facility energy. For example, a refinery with CCS will use 
less onsite natural gas, electricity, and/or other fossil fuels as demand is reduced, and as 
renewables supply a greater portion of demand, existing fossil-based electricity generation 
will consume less natural gas and onsite electricity to operate; therefore, emissions will be 
reduced. However, the addition of CCS will require more of those energy sources than if the 
facility was not equipped with CCS. The PATHWAYS model calculates annual energy demand 
by fuel type and sector and accounts for the energy needed to support CCS at facilities. The 
air quality and public health analysis utilized output from the PATHWAYS model to develop 
spatially and temporally resolved characterizations of pollutant emissions for all sectors and 
sources in California including stationary, area, and mobile source emissions. The overall 
reductions in fossil fuel consumption in the Proposed Scenario show it will achieve 
improvements in air quality throughout California, including reductions in the levels of ozone 
and PM2.5. Please also refer to Master Response 3. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 372 


6/21/2022 Robert Hambrect, Allotrope Partners 


372-1: The commenter states, “CARB's modeling of forest biomass assumes only a maximum 
of 70% of gross residues from fire prevention can be collected and, due · its indifference 
assumption, even smaller amounts (two tons per acre on average) are actually removed from 
the forest, with the rest left in the woods. Such an assumption runs counter to many 
models/studies, such as the Lawrence Livermore Lab "Getting to Neutral'' report, that 
suggest that a much larger amou1 of material needs to be removed (in the range of 15 tons 
per acre in support of ecological forest mangagement that prevents forest fires and the 
negative impact of such emissions would have on climate change.” 


Response: The commenter notes that the forest biomass availability assumptions in the 2022 
Scoping Plan NWL analysis is lower than suggested by existing models/studies. This 
comment raises forest biomass specific environmental issues related to the First Draft EA. 
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The First Draft EA discusses potential impacts of increased forest biomass supply on 
Resource Areas in Chapter 4. The 2022 Scoping Plan discussion of forest biomass supply has 
been revised to reflect improved assumptions and data sources. CARB staff would like to 
note that the forest biomass estimates in the “Getting to Neutral” report cited by the 
commenter are high relative to other independent estimates of available biomass and not 
well supported by other studies. Further, the description of methods on how the “Getting to 
Neutral” biomass availability numbers were calculated is not well documented (15 tons/acre 
is assumed based on personal communication) and therefore not replicable. The impacts 
disclosed in the First Draft EA are not expected to change with the revised forest biomass 
supply estimate. No changes to the First Draft EA are required in response to this comment.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 384 


6/21/2022 Jane Sellen, Californians for Pesticide Reform 


384-1: The commenter states, “We remain concerned that herbicide applications and 
chemical management were modeled in the forest, shrublands and grasslands sector s. CARB 
staff's recommendation to reduce pesticide use to achieve climate change and public health 
benefits in the agricultural sector should apply to other sectors as well. The dangers of 
chemical pesticide use to the environment, human health and the climate are significant for 
all land sectors. In the forestry sector, glyphosate is the most commonly used pesticide 
according to the UC Davis PUR data tool. Glyphosate has well-documented negative health 
and environmental consequences. Most notably Bayer - the manufacturer of glyphosate - has 
recently been ordered to pay three CA residents more than $100 million collectively in 
damages after they developed cancer after using glyphosate or RoundUp, and was 
previously ordered to pay Dewayne "Lee" Johnson - a California groundskeeper - $20.5 
million. Thousands of similar cases are currently making their way through the US court 
system.” 


Response: The commenter notes the dangers of pesticide use and recommend reducing its 
use in the forest, shrubland, and grassland sector. This comment raises pesticide specific 
environmental issues related to the First Draft EA. The First Draft EA discusses potential 
impacts of pesticide use (in the form of targeted herbicide application) in this sector. 
Therefore no changes to the First Draft EA are required in response to this comment. In the 
forest, shrubland, and grassland sectors, only herbicides are mentioned, not pesticides. 
Herbicide use in wildlands is fundamentally different than herbicide use in agricultural lands 
in objective, application, intensity, exposure, and frequency. This makes using agriculturally 
based assumptions of health and ecological impacts from herbicide use not valid in wildland 
applications. Further, alternatives to herbicide use are not as prevalent or applicable to 
wildlands, and some form of vegetation and invasive species management is necessary for 







2022 Scoping Plan 
Response to Comments   Responses to Comments 


75 


wildfire mitigation, wildlife habitat restoration/preservation, and climate resilience. No 
changes to the 2022 Scoping Plan NWL management strategies are required in response to 
this comment.  


384-2: The commenter states, “We appreciate the draft Scoping Plan’s commitment to 
“conduct research on the intersection of pesticides, soil health, GHGs, and pest resiliency via 
a multiagency effort with DPR, CDFA, and CARB.” We have long advocated for more 
research to be conducted on pesticides and their impacts, and this commitment is an 
important start to closing this research gap.  


However, this research must also focus on the disparate impacts on communities of pesticide 
use. The health impacts of synthetic pesticide exposure continue to fall primarily on residents 
of color in California. At a minimum, CARB staff as part of the 2022 Scoping Plan must 
analyze health impacts of proposed strategies on residents in California as recommended by 
the Environmental Justice Advisory Committee, particularly on people of color that bear the 
brunt of many negative air and water quality impacts.” 


Response: Please refer to response to comment 566-34. 


No changes to the First Draft EA are required in response to this comment. 


384-3: The commenter states, “Herbicides such as 2,4-D, atrazine and paraquat enable 
farmers to manage weeds with less tillage ... And in the absence of tillage, farmers depend 
more heavily on herbicides to keep weeds at bay ... Cost aside, greater reliance on 
agrichemicals may adversely affect nontarget species or contaminate air, wat er and soil." 
While reducing tillage can have benefits, it must not result in an increase in reliance on 
synthetic pesticide use, which would have negative impacts on the climate, environment and 
public health. Ecological pest management, pesticide reduction, and organic farming must 
therefore be simultaneously incentivized and adopted to ensure increase in reliance does not 
occur.” 


Response: The commenter notes the potential for increased use of synthetic pesticides on 
croplands as a result of reducing tillage. This comment raises pesticide specific environmental 
issues related to the First Draft EA. The First Draft EA provides discussion of known potential 
impacts of pesticide use. Chapter 4 of the draft Scoping Plan discusses the significance of 
pesticide use reduction for ecological and human health. The 2022 Scoping Plan recognizes 
the benefits of reduced pesticide use and includes transitioning to organic farming (including 
reduced pesticide use), along with other health soils practices, as a management strategy. 
Additionally, the Department of Pesticide Regulation, CalEPA, and CDFA have convened a 
Sustainable Pest Management Workgroup that have developed and plan to soon release 
draft recommendations and goals to address sustainable pest management across the state. 
No changes to the First Draft EA are needed in response to this comment.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
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therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 390 


6/21/2022 Kelly Lyndon 


390-1: The commenter states, “We oppose the use and expansion of methane gas hookups 
due to the adverse impacts of methane gas combustion on Greenhouse Gas (GHG) 
emissions, indoor health, and public safety.” 


Response: Appendix F, Building Decarbonization, to the 2022 Scoping Plan outlines a range 
of actions to achieve a successful and equitable transition to building decarbonization. 
Several key actions support the phase-out of gas appliances and expansion of gas hookups. 
Scaling back fossil gas infrastructure includes eliminating incentives for extending gas mains 
and service lines to new buildings. Targeted, trimming back of existing gas infrastructure, 
also known as zonal electrification, is another critical action to reduce fossil gas system 
maintenance needs, costs, and emissions.  


Please refer to the response to comment 296-6 regarding reductions in fossil gas 
consumption (and corresponding combustion-related air pollutant emissions) that will occur 
relative to the Reference Scenario from implementation of the Scoping Plan Scenario through 
substitution with electricity, renewable natural gas (RNG), and hydrogen across the AB 32 
GHG Inventory Sectors, including buildings. Please refer to the response to comment 390-3 
regarding gas system hazards. 


No changes to the First Draft EA are required in response to this comment. 


390-2: The commenter states, “Unfortunately, the CARB 2022 Draft Scoping Plan has 
recommended Alternative 3, which is neither immediate, delaying net zero emissions until 
2045, or practical, relying on expensive and unproven carbon capture, usage, and 
sequestration (CCUS). It also perpetuates California’s reliance on fossil fuels and the danger 
this poses to our health and environment. Research for the CEC indicates that building 
electrification is likely to be the lowest cost and lowest risk option for decarbonizing 
California’s building sector.” 


Response: Numerous studies indicate that building electrification in new and existing 
buildings provides the most technologically feasible path to reduce building-related 
emissions. As a result, eliminating fuel combustion by electrifying appliances and equipment 
in buildings is the focus of Appendix F, Building Decarbonization, to the 2022 Scoping Plan. 
Several key actions recommend taking action immediately and long before 2045. Specifically, 
one of the actions included in Appendix F, Building Decarbonization, to the 2022 Scoping 
Plan includes adoption of zero emission standards for space and water heating by 2030. The 
primary goal for advancing building electrification measures in California is to reduce GHG 
and criteria pollutant emissions and provide important public health benefits.  
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The Scoping Plan Scenario results in drastic reductions in fossil fuels resulting in at least 85 
percent reduction in anthropogenic GHG emissions from 1990 levels by 2045, with carbon 
dioxide removal compensating for the remaining emissions in order to achieve net zero GHG 
emissions as required by AB 1279.  


Please also refer to response to comment H185-1 regarding achievement of the SB 32 target 
requiring at least 40 percent reduction in GHG emissions by 2030. 


No changes to the First Draft EA are required in response to this comment. 


390-3: The commenter states, “We urge CARB to include explicit planning for the strategic 
decommissioning of the gas infrastructure system by 2045. Efforts to extend the use of 
methane by blending hydrogen into our gas pipes or relying on CCUS for decarbonization is 
not a climate solution. A deliberately planned transition away from the gas system, 
supported by mitigation strategies, is needed to reduce future gas system spending and 
manage gas rates and risks for customers. Continuing to maintain an aging fossil gas system 
that is destined to be shut down is costly and poses undue hazards for our communities.” 


Response: Please refer to the response to comment 296-6 regarding reductions in fossil gas 
consumption through substitution with electricity, renewable natural gas (RNG), and 
hydrogen in the 2022 Scoping Plan. Furthermore, the First Draft EA in Section 4.9.b 
addresses long-term operational related effects on hazards and hazardous materials and 
discloses potential reasonably foreseeable compliance responses associated with RNG from 
manure management; forest, shrubland, and grassland management; and organic waste 
diversion actions that may produce gaseous renewable fuels (see determination of significant 
impacts and possible mitigation at pages 135-143 of the First Draft EA. The comment does 
not otherwise raise an issue related to the adequacy, accuracy, or completeness of the First 
Draft EA and no further response is required. No changes to the First Draft EA are required 
in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 422 


6/22/2022 Jennifer Hernandez 


422-1: The commenter states, “This letter seeks an extension of the public comment 
period for the Environmental Analysis for the 2022 Draft Scoping Plan until 45 days after 
CARB has complied with the numerous CPRA requests for writings and information that 
support the determinations, conclusions and findings by providing the requested public 
records pursuant to the submitted requests.  
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The evidence supporting the Environmental Analysis’ conclusions and determinations are not 
contained within any of the foregoing documents, therefore, Holland & Knight has submitted 
five separate CPRA requests between June 3, 2022 and June 16, 2022 to obtain writings that 
support the determinations, findings and conclusions presented by CARB. On June 13, 2022, 
CARB provided a response to the CPRA request submitted on June 3, 2022 (“CPRA Request 
No. 1”) stating “[w]e will contact you within 30 days regarding this request by either 
providing records responsive to your request (subject to applicable low and exemptions); an 
estimated date when we expect to complete our search and review of responsive 
documents, or the reasons, if any, why records are being withheld from disclosure.”3 


As of June 21, 2022, Holland & Knight has not received a response as it relates to the 
remaining four CPRA requests and does not anticipate receiving any of the requested public 
records prior to the close of the public comment period on June 24, 2022. We are extremely 
concerned that without the public disclosure of these public records, the Environmental 
Analysis in its current form is merely a compilation of conclusions, findings, and 
determinations that are not supported by “substantial evidence”4 and therefore, do not 
satisfy CEQA’s minimum requirements.  


We note that while CARB has opted to conduct an alternative form of analysis to satisfy 
CEQA through Public Resources Code § 21080.5, CARB’s obligations under CEQA remain 
unchanged.5 Even with a functionally equivalent document, as CARB has dubbed an 
“Environmental Analysis”, CARB must still comply with all of CEQA’s other requirements.6 
The requested public records must be disclosed in order for CARB to meet its obligations 
under CEQA to ensure that the conclusions, findings and determinations are supported by 
substantial evidence.  


We strongly encourage CARB to comply with the CPRA and CEQA’s requirements by timely 
disclosing the documentation necessary to support the findings, determinations and 
conclusions set forth in the 2022 Draft Scoping Plan, the Environmental Analysis and 
associated documents and extending the public comment period to allow the public to 
review this information. Please do not hesitate to contact Paloma Perez-McEvoy 
(paloma.perez-mcevoy@hklaw.com) should you have any questions. We look forward to your 
timely transmittal of all responsive documentation as well as a proper extension of the public 
comment period. Thank you. 


3  Letter from Cesar Cuevas, Public Records Act Coordinator, CARB to Jennifer Hernandez, 
Holland & Knight LLP (June 13, 2022).  


4  CEQA Guidelines § 15384 (“Substantial evidence” means enough relevant information 
and reasonable inferences from this information that a fair argument can be made to 
support a conclusion); see also Laurel Heights Improvement Association of San Francisco 
v. Regents of University of California (1988) 47 Cal.3d 376, 404 (an EIR must contain facts 
and analysis, not just bare conclusions and options).  


5  2 Kostka & Zischke, Practice Under the Cal. Environmental Quality Act (Cont.Ed.Bar 2022) 
§ 21.11.  
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6  Friends, Artists & Neighbors of Elkhorn Slough v. California Coastal Com. (2021) 72 
Cal.App.5th 666, 694 (citing Mountain Lion Foundation v. Fish and Game Com. (1997) 16 
Cal.4th 105, 114).” 


Response: CARB disagrees with the commenter’s stated concerns. Substantial evidence 
supporting the conclusions and determinations in the First Draft EA is provided within the 
documents posted in support of the 2022 Scoping Plan and in the associated EA. Please also 
refer to Master Response 1, regarding the programmatic nature of the 2022 Scoping Plan 
(and the associated EA). CARB declined to extend the 45-day CEQA public comment period 
for the 2022 Scoping Plan, which ended June 24, 2022. In June 2022, CARB received five 
letters from this commenter (which commenter attached to this comment letter 422, one of 
five timely comment letters they submitted) requesting public records related to the 2022 
Scoping Plan. Those five letters, dated and received June 3, June 13, June 14, June 15, and 
June 16, 2022, together comprise over 100 pages of more than 1,000 specific requests for 
documents. CARB is responding to those requests through its Public Records Act (PRA) 
response process, which is a separate process from CARB’s preparation of the EA for the 
2022 Scoping Plan. Many of the commenter/requester’s 1,000+ requests ask for information 
and documents supporting the 2022 Scoping Plan and First Draft EA that were included 
among the documents that CARB posted for public review on May 10, 2022 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 427 


6/22/2022 Christopher Lish 


427-1: The commenter states, “The path laid out in the Scoping Plan will perpetuate fossil 
fuel production and continue to harm California’s most vulnerable communities and 
ecosystems.” 


Response: Please refer to the response to comment 560-2 and 560-3.  


427-2: The commenter states, “Continuing to rely on existing fossi: fuel infrastructure makes 
mitigating the negative effects of climate change more and more difficult. Gas plants emit 
many dangerous pollutants, and the majority of California's gas-fired power plants are 
located in or adjacent to disadvantage1 communities.” 


Response: Please refer to response to comment 321-2. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
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therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 451 


6/22/2022 Thomas Moran 


451-1: The commenter states, “Second: Greenhouse gas emission reductions modeling up to 
the year 2040 are needed;” 


Response: The 2022 Scoping Plan includes greenhouse gas emissions reductions modeling 
through 2045. 


This comment does not address the adequacy, accuracy, or completeness of the First Draft 
EA and no changes to the First Draft EA are required in response to this comment 


451-2: The commenter states, “Fourth: Air pollution and air quality need to remain a factor 
and a priority. Disempowered communities are suffering from local plant pollution and this 
needs to be further regulated & reduced, not allowed to persist under cap and trade.” 


Response: Please refer to response to comment 321-2 regarding local plant pollution and 
comment 252-2 for context regarding the Cap-and-Trade Program with respect to the 2022 
Scoping Plan. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 458 


6/22/2022 Cheryl Weiden 


458-1: The commenter states, “1. The amount of carbon that burns in a fire is greatly 
exaggerated in the Draft Scoping Plan, which assumes that forest carbon is burned in a fire 
rather than the 3% that burned.” 


Response: The commenter asserts that the carbon burned in a fire is greatly exaggerated in 
the 2022 Scoping Plan. This comment raises forest and shrubland specific environmental 
issues related to the First Draft EA. The GHG emissions disclosed in the First Draft EA 
Section 4.8.a and in Table 4-13 take into account the modeled wildfire emissions. The details 
of the NWL analysis, including wildfire consumption and emissions, are found in Appendix I. 
The biogeochemical model used in the analysis of forests, shrublands, and grasslands 
produced estimates of biomass, and therefore carbon, consumed from wildfires in each year 
of the simulation. The model was calibrated using flux towers, remote sensing products, 
relevant literature. These estimates of consumption are in line with historical data from 
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CARBs wildfire emissions inventory as well as existing literature that predicts climate change 
will increase wildfire activity. It is not true that this model assumes all carbon is burned in a 
fire. In fact, as the commenter points out, for many fires, only a small amount of biomass is 
burned. The estimates are based on biogeochemical, hydrologic, fire behavior, and fuel 
modeling. The validation of the modeling results in the 2022 Scoping Plan will take place in 
the future. No changes to the First Draft EA are required in response to this comment.  


458-2: The commenter states, “2. Thinning does not make forests less vulnerable to fire. 
Much carbon is lost immediately when the trees are logged to a bioenergy plant. Recent fires 
have shown that it oi worsens fire risk.” 


Response: The comment provides an opinion that forest thinning worsens fire risk without 
providing any factual details or substantiation of the statement. This is a general statement in 
opposition to fuels reductions actions addressed in the First Draft EA. No specific 
environmental issues are raised as to the adequacy, accuracy, or completeness of the 
environmental impact analysis included in the First Draft EA. No changes to the First Draft EA 
are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 461 


6/22/2022 Amy Vasquez 


461-1: The commenter states, “In our rapidly deteriorating climate, CARB wants to keep 
using fossil fuels, which harms the lungs and health of my family and m1 overall community.” 


Response: Please refer to the response to comment 560-2 and 560-3. No changes to the 
First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 464 


6/22/2022 John Hopkins, California Habitat Conservation Planning Coalition 


464-1: The commenter states, “A. It states that current wildfire and other issues will make 
NWLs a net emitter of 8 million metric tons of carbon dioxide equivalent per year from 2025-
2045 [Page 72]. But on page 71 it states that “the results of the modeling demonstrate that 
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regular NWL management over the next two decades can increase carbon stocks from the 
Reference Scenario trajectory, reduce GHG emissions from lands, and improve ecosystem 
and public health.” Also, table 3-5 on page 112 states there will be average GHG emission 
reductions for forests / shrublands / grasslands. Items 2 and 3 contradict item 1 above. We 
need clarification and consistency.” 


Response: CARB staff would like to clarify that under all alternatives, including the Reference 
Scenario, forests, shrublands, and grasslands are predicted to lose carbon stocks and be a 
net source of GHGs. Under implementation of the 2022 Scoping Plan, the loss in carbon 
stocks and emission of GHGs is predicted to be less than the loss in carbon stocks and 
emissions of GHGs predicted in the Reference Scenario. Therefore, relative to the Reference 
Scenario, carbon stocks would increase under implementation of the 2022 Scoping Plan and 
GHG emissions would be reduced. However, in absolute values, forests, shrublands, and 
grasslands would still be a net emitter.  


This comment does not raise specific environmental issues related to the First Draft EA, nor 
does it otherwise address the accuracy, adequacy, or completeness of the EA for this sector. 
Therefore no changes to the First Draft EA are required in response to this comment.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 466 


6/22/2022 Matt Regan, Bay Area Council 


466-1: The commenter states, “As those largely blue collar industries leave California so do 
their workers. Each year 40,000 Californians relocate to just one state, Texas, in search of a 
more affordable life. As soon as a California family pulls into the driveway of their new 
affordable home in the Houston suburbs, the per capita GHG of each person in that car 
jumps from 9 tons in California to 27 tons in Texas. That is 720,000 tons of carbon each year, 
from just one state, that we have created by our failure to accommodate our own citizens. 
Add the other 48 states and you have to ask if our carbon reduction policies are actually 
doing more harm than good?  


The California Air Resources Board must concede that carbon leakage is very real and that 
every job and every Californian that leaves our state is a concern to all of us.” 


Response: In choosing the Scoping Plan Scenario, CARB evaluated the feasibility of the 
scenarios, considering technology readiness, costs for decarbonizing fuels and technology, 
and consumer adoption of new technologies or practices (see 2022 Scoping Plan evaluation 
of alternatives in Chapter 2). AB 32 also requires that the 2022 Scoping Plan minimize 
emissions leakage – where emissions and goods and energy production move out of state 
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(see First Draft EA project objective 12). The Scoping Plan Scenario is in line with statutory 
direction to minimize emissions leakage, providing California businesses and industries 
needed long-term certainty to invest in the energy and technologies to decarbonize their 
operations. For global pollutants such as GHGs, California benefits from reductions 
elsewhere. Therefore, the state’s goal has been to develop scalable and exportable 
programs that other jurisdictions can implement and use to reduce emissions within their 
borders. 


Please also refer to responses to comments 639-1 and H217-1. No changes to the First Draft 
EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 501 


6/22/2022 Abby Young, Bay Area Air Quality Management District 


501-1: The commenter states, “Environmental justice communities across the state have 
voiced concern over the cumulative impacts of multiple emissions sources, but the Plan 
misses an opportunity to address cumulative impacts, particularly in the planning and 
permitting processes. The Plan provides an opportunity to bring forward a statewide 
discussion on cumulative impacts, land use decision-making, and the impacts on EJ 
communities. The Plan should discuss the ways in which cumulative and synergistic impacts of 
multiple emissions sources should be addressed in the planning and permitting process to 
avoid inflicting additional harm on EJ communities. ” 


Response: The comment suggests that the 2022 Scoping Plan should address cumulative 
impacts of emission sources, including on EJ communities. Chapter 5 of the First Draft EA 
addresses cumulative and growth inducing impacts for each of the resource areas discussed 
in the First Draft EA. The comment does not appear to raise any cumulative impacts of the 
proposed project (the 2022 Scoping Plan), but rather sets forth a policy recommendation 
regarding addressing existing and future cumulative impacts that would occur under existing 
conditions (i.e., as part of the reference or baseline scenario). The comment does not raise an 
issue related to the adequacy, accuracy, or completeness of the First Draft EA and no further 
response is required. No changes to the First Draft EA are required in response to this 
comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter 558 


6/24/2022 Rina Singh, Alternative Fuels & Chemicals Coalition 


558-1: The commenter states, “Carbon Neutrality from Forest Residuals 
Innovators strive to produce biofuels that are more carbon efficient for both ground and 
aviation biofuels. In the draft Scoping Plan, CARB announced their plan to increase the short 
– and long-term ability for the LCFS to achieve carbon neutrality by 2045, which will be a 
result from reducing reliance on fossil fuels. Carbon neutrality is an important long-term goal; 
however, it can only be enabled by accurate accounting of carbon from feedstocks. AFCC is 
concerned that CARB is not appropriately recognizing the carbon neutrality of forest 
residuals, and instead is inclined to rely on erroneous reports based on narrowly focused on 
modeling studies that fail to account for the carbon benefits of diverting forest residuals to 
use in products, chemicals, and fuels relative to open burning, decay, or other dispositions. 
We respectfully urge CARB to consider all reports carefully and eliminate considering those 
which are narrowly focused on predictive modeling and have limited scientific scope.” 


Response: The commenter claims that CARB is not appropriately recognizing the carbon 
neutrality of forest biomass utilization in the LCFS program. The LCFS Program is an existing 
CARB program discussed in the 2022 Scoping Plan as an important driver of renewable fuels 
and reductions in GHG emissions. However, the 2022 Scoping Plan does not discuss in detail 
the carbon intensity determination methods used under the LCFS Program or potential 
changes to the program. These technical details of the LCFS Program are beyond the scope 
of the 2022 Scoping Plan. Therefore, this comment does not raise specific environmental 
issues related to the First Draft EA, nor does it otherwise address the accuracy, adequacy, or 
completeness of the EA for this sector. No changes to the First Draft EA are required in 
response to this comment.  


CARB staff would like to note that the 2022 Scoping Plan NWL analysis of forest biomass 
residue availability is detailed in Appendix I.  


558-2: The commenter states, “Most recently and concerningly, the C-BREC Model as 
described in various reports (Minimizing emissions from forest residues – Schatz Energy 
Research Center (schatzcenter.org)), which was developed by Professor Kevin Fingerman at 
Humboldt State for CA’s biopower program 
https://www.energy.ca.gov/publications/2021/california-biopower-impacts-project-climate-
and-air-pollution-impacts-generating, has been recommended for adaptation for the LCFS 
program. Based on its embedded assumptions and inputs, this model shows forest residue as 
carbon-positive, even considering avoided wildfire and avoided burn piles. There are multiple 
concerns with reliance on this model, particularly given other models and well-established 
reports of the carbon neutrality of forest residuals as feedstocks. For example, the model 
takes the existence of forestry / thinning residues as a given, and then compares 
conventional management- which is left to decay in place, and some pile-burned versus 
biomass removal and bioenergy production yet does not provide transparency on the 
portions of these alternative fates nor on their relative carbon releases.   



https://www.energy.ca.gov/publications/2021/california-biopower-impacts-project-climate-and-air-pollution-impacts-generating

https://www.energy.ca.gov/publications/2021/california-biopower-impacts-project-climate-and-air-pollution-impacts-generating
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The model does not include a lot of intermediate results, so it is difficult to parse. There is an 
apparent attempt to account for residue decay times and integrating emissions impacts over 
time, but no half-life studies were reported. The scope is so narrowly focused, and therefore 
it does not address or quantify the potential benefits from more widespread fuel 
management in the first place. Furthermore, it is probably no surprise that the results are 
carbon-positive, since the model does not include any of the factors that could make such a 
system carbon-negative – reduced wildfire severity from the fuels reduction treatment itself, 
co-production of wood products, or carbon-negative bioenergy production. AFCC and its 
member companies recommend a wider, more relevant scope for any predictive modeling 
from feedstocks to end of life of the biofuel.  


Biofuel Policies Treat Biomass as Carbon Neutral for Decades  
AFCC and its member companies have been working very closely with USDA (Forest Service 
(FS)) and EPA (Office of Transportation and Air Quality (OTAQ)) regarding risk of wildfire. 
Based on this work and in keeping with good forest management for wildfire prevention, we 
recommend and support policies that forest residuals be removed from forest grounds 
quicky for use by biofuel producers, so that aging and decaying emissions do not become an 
undue and inaccurate factor in forest predictive modeling studies which are not setup to 
capture decaying emissions and counterfactual fates accurately. If inaccurate models are 
used, this will materially change the carbon intensity (CI) calculation for LCFS credits for 
AFCC producers, making them worth far less than what is supported by the best science and 
the experience of AFCC and its member companies. The vast majority of greenhouse gas 
(GHG) emissions accounting and biofuel policies treat forest residual feedstocks employed 
for biofuel as carbon neutral, as should CARB under the LCFS. Thereby, we ask CARB to 
consider adopting the definition for carbon neutrality in the most recently enacted (FY2022) 
Appropriations bill, in the omnibus House bill, H.R.2471, see page 919, referred to as the 
Carbon Neutrality language, which is shown below. The language is commonly referred to as 
“Promoting biomass as carbon neutral.” 


Response: As described in Appendix H of the 2022 Scoping Plan, biomass wastes and 
residues, including forestry residues, are allocated to the transportation sector as hydrogen 
via gasification with CCS. The PATHWAYS model accounts for GHG emissions associated 
with producing biofuels consistent with the AB 32 GHG Emissions Inventory. The low carbon 
fuels actions in the First Draft EA’s project description address the reasonably foreseeable 
compliance responses associated with deployment of biofuels, and the EA concluded the 
implementation of the low carbon fuels actions could result in beneficial impacts to GHG 
emissions (construction and long-term operational). As stated in Chapter 4 of the 2022 
Scoping Plan, post-Scoping Plan adoption actions include initiation of a public process 
focused on options to increase the stringency and scope of the LCFS regulation. That 
process is the forum where issues raised by the commenter specific to fuel pathway carbon 
intensity and fuel pathway-based crediting will be discussed and evaluated. The remainder of 
the comment does not raise significant environmental issues related to the EA. No changes 
to the First Draft EA are required in response to this comment. 
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Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 560 


6/24/2022 Faraz Rizvi, Asian Pacific Environmental Network 


560-1: The commenter states, “We are concerned that the Draft Scoping Plan fails to meet, 
let al one accelerate, our 2030 or 2045 climate targets or increase the pace of California's 
actions beyond existing commitments. In fact, California is severely off-track to cut emissions 
40% in that time: based on CARB's most recently available statewide emissions estimates, we 
will need to triple or quadruple our rate of reductions immediately and maintain that pace 
going forward in order to comply with the law.” 


Response: The Scoping Plan Scenario results in at least 85 percent reduction in 
anthropogenic GHG emissions from 1990 levels by 2045, with carbon dioxide removal 
compensating for the remaining emissions in order to achieve net zero GHG emissions as 
required by AB 1279.  


Please also refer to response to comment H185-1 regarding achievement of the SB 32 2030 
GHG emissions reduction target. 


No changes to the First Draft EA are required in response to this comment. 


560-2: The commenter states, “We strongly believe California should lead by example and 
set the pace for the rest of the nation. Environmental Justice communities, from Richmond to 
Riverside, have been historically exposed to elevated levels of pollution and left behind when 
it comes to action on climate change. Unfortunately, the current draft scoping plan continues 
to exacerbate this history.” 


Response: With respect to air pollution, the First Draft EA in Section 4.3.b discusses the 
longer-term operational impacts to air quality reasonably foreseeable from implementation 
of the 2022 Scoping Plan. That section of the EA points to the air quality and public health 
analysis conducted for the AB 32 GHG Inventory and Natural and Working Lands Sectors. 
The First Draft EA on page 65 explains that the 2022 Scoping Plan will achieve carbon 
neutrality “through a substantial reduction in fossil fuel dependence, while at the same time 
increasing deployment of efficient non-combustion technologies and distribution of clean 
energy which also has criteria pollutant and precursor benefits alongside reducing the 
exposure of sensitive receptors to TAC emissions. In addition, implementation of natural and 
working lands management strategies to mitigate and adapt to climate change will result in 
air quality and health benefits.” The First Draft EA also includes a summary analysis of the 
ambient air quality improvement and corresponding health benefits associated with the 
compliance responses for the AB 32 GHG Inventory Sectors, as well as health benefits from 
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the higher level of natural and working lands level of management actions (e.g., reduces tree 
or shrub densities, protects large trees, reintroduces fire to the landscape, and diversifies 
species and structures in the Scoping Plan Scenario) resulting in decreased wildfire-related 
PM2.5 emissions (pages 65-71). 


With respect to GHG emissions, the First Draft EA in Section 4.8.a discusses the short-term 
construction related and longer-term operational effects on GHG emissions reasonably 
foreseeable from implementation of measures identified in the 2022 Scoping Plan. As 
detailed in Chapter 2 of the First Draft EA, the primary purpose of the 2022 Scoping Plan is 
to achieve the maximum technologically feasible and cost-effective reductions in GHG 
emissions to reflect progress towards the 2030 target and to plan the longer-term trajectory 
to achieve at least 85 percent reduction in anthropogenic GHG emissions from 1990 levels 
and net zero GHG emissions by 2045 as required by AB 1279. That section of the First Draft 
EA states the construction and operation-related GHG emissions associated with 
implementation of actions in the Scoping Plan Scenario are considered in relation to the 
overall long-term operational GHG emissions reduction benefits associated with drastic 
reductions in fossil fuel use and improved natural and working lands health discussed in 
Chapters 2 and 3 of the 2022 Scoping Plan, they are not considered substantial (pages 122-
126). 


No changes to the First Draft EA are required in response to this comment. 


560-3: The commenter states, “Communities that have been impacted by the dirty fossil fuel 
system are demanding that CARB prioritize direct emissions reductions instead of dead ends 
that continue to dirty the air we breathe.” 


Response: The comprehensive analysis conducted for the 2022 Scoping Plan shows the 
Scoping Plan Scenario achieves California’s climate and clean air goals while balancing 
legislative direction on prioritizing direct emissions reductions and being technologically 
feasible and cost-effective. The Scoping Plan Scenario also protects public health and lays a 
foundation for continued economic growth. As shown in Table 2-2 of the 2022 Scoping Plan, 
the actions in the Scoping Plan Scenario will achieve direct emissions reductions from sources 
in the AB 32 Inventory through: a drastic reduction in fossil fuel dependence, with some 
remaining in-state demand for fossil fuels for aviation, marine, and locomotion applications, 
and for gas for buildings and industry; ambitious deployment of efficient non-combustion 
technologies such as zero emission vehicles and heat pumps; rapid growth in the production 
and distribution of clean energy such as zero carbon electricity and hydrogen; progressive 
phasedown of fossil fuel production and distribution activities as part of the transition to 
clean energy. Furthermore, the AB 197 analysis in Chapter 3 of the 2022 Scoping Plan 
provides GHG and criteria pollutant emissions reductions relative to the Reference Scenario 
for the measures in the Scoping Plan Scenario in 2035 and 2045, which based on these 
estimates, are expected to provide air quality benefits (see Table 3-4). 


No changes to the First Draft EA are required in response to this comment. 
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Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 561 


6/24/2022 Helena Murray 


561-1: The commenter states:  


“● The range of 3 to 6.2 BDT of biomass per acre in Table 32 of the Natural and Working 
Lands Appendix is a significant underestimate. My staff estimates an average of 10 to 
25 bone-dry tons (BDT) of non-merchantable biomass are generated per acre of 
vegetation management activities on National Forest System lands in the Sierra 
Nevada, Klamath, and Northern Cascades eco-units as defined in the plan. We 
suggest validating and updating the estimates in this table.” 


Response: Please refer to response to comment 372-1. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 563 


6/24/2022 Rahel Kemal, Physicians For Social Responsibility LA 


563-1: The commenter states, “Unfortunately, the CARB 2022 Climate Change Scoping Plan 
(Draft Scoping Plan), despite legal mandate, has not incorporated a public health equity 
analysis in the process of evaluation, selection, and prioritization of strategies and policies to 
address climate change and requires little to no immediate action to reduce pollution, and 
even worse, relies on expensive and unproven technologies to meet its emission reduction 
targets. This is disastrous for climate and public health and leaves working class Californians 
and frontline communities behind.” 


Response: The commenter states that despite legal mandate, the 2022 Scoping Plan has not 
incorporated a public health equity analysis in the process of evaluation or prioritization of 
strategies, and that the 2022 Scoping Plan would be “disastrous for climate and public health 
and leaves working class Californians and frontline communities behind”. CARB disagrees 
that the 2022 Scoping Plan has the potential to further contribute to climate change and 
public health effects, if that is what the commenter is stating; the purpose and effect of the 
2022 Scoping Plan would be precisely the opposite, as described throughout the 2022 
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Scoping Plan and the First Draft EA. No further response is necessary, and no changes to the 
First Draft EA are needed. 


563-2: The commenter states, “CARB must consider the air quality and public health impacts 
of electricity generation in assessing each policy’s social equity costs” 


Response: The First Draft EA in Section 4.3.b discusses the longer-term operational impacts 
to air quality reasonably foreseeable from implementation of the 2022 Scoping Plan. That 
section of the EA points to the air quality and public health analysis conducted for the AB 32 
GHG Inventory Sectors. The First Draft EA on page 65 explains that the 2022 Scoping Plan 
will achieve carbon neutrality “through a substantial reduction in fossil fuel dependence, 
while at the same time increasing deployment of efficient non-combustion technologies and 
distribution of clean energy which also has criteria pollutant and precursor benefits alongside 
reducing the exposure of sensitive receptors to TAC emissions.” The First Draft EA also 
includes a summary analysis of the improvement and corresponding health benefits 
associated with the compliance responses for the Scoping Plan Scenario (pages 65-71). 
Furthermore, the AB 197 analysis in Chapter 3 of the 2022 Scoping Plan provides criteria 
pollutant emissions reductions relative to the Reference Scenario for the “generate clean 
electricity” measure (see Table 3-4), along with corresponding health benefits of emissions 
reductions associated with each measure; and Table 3-8 presents the estimated social costs 
that result from the GHG emissions reductions of the clean electricity measure. No changes 
to the First Draft EA are required in response to this comment. 


563-3: The commenter states, “Natural gas” (aka methane) is a potent greenhouse gas 
(GHG) and escapes into the atmosphere across its entire supply chain, from the extraction, 
processing, and distribution systems and from inactive and abandoned wells. CARB should 
plan to fully decommission the gas distribution system by 2045 to meet its climate goals. 
CARB must eliminate another climate policy dead end, hydrogen blending. Truly low-carbon 
hydrogen (“green” hydrogen) is not available on a commercial scale and should be reserved 
for use in hard-to-electrify industrial sectors. “Blue” hydrogen (derived from methane in 
addition to using CCS ) is not in fact climate friendly. Blending hydrogen with methane will 
not significantly reduce GHGs at levels of blending that are feasible with today’s 
infrastructure and does little-to-nothing to avert indoor air pollution from gas stoves. A blend 
of a fossil fuel still results in the use of the fossil fuel and investing in new fossil fuel 
infrastructure and continued use of fossil fuel as an energy source has no place in a climate 
resilient home.” 


Response: Please refer to responses to comments 166-2, 166-5 and 296-5. 


563-4: The commenter states, “CCS, in fact, extends the life of oil refineries and creates 
public health hazards at every step of the way– capture, transport and storage. CARB has not 
performed life cycle analysis of CCS, which in fact, as currently practiced, is a net CO2 
producer. At the CO2 capture site, CCS increases the levels of other deadly pollutants 
associated with poor birth outcomes, asthma, heart attack, and stroke in frontline 
communities, exacerbating stark health inequities in California. The liquid CO2 pipeline 
network required by CCS would extend severe health threats to additional communities. The 







2022 Scoping Plan 
Response to Comments   Responses to Comments 


90 


transported CO2 is proposed to be injected in underground vaults or chambers which have 
to remain leak-proof for hundreds of years; despite the fact that the injection process 
potentially could increase the occurrence of earthquakes (as it is observed with injection of 
fracking wastewater in underground disposal wells).” 


Response: Please refer to Master Response 3 regarding emissions and potential health 
impacts of mechanical carbon dioxide removal and CCS projects. 


Please also refer to Master Response 2 related to safety of CO2 pipelines, capture chemicals, 
and geologic storage of CO2. As part of EPA’s requirements to thoroughly study potential 
geologic sequestration sites, project applicants are required to demonstrate, through a 
review of the seismic history of the site and information on seismic sources and seismic risk, 
that identified seismic sources will not endanger USDWs.11 


563-5: The commenter states, “CARB Draft 2022 Climate Change Scoping Plan represents 
an alarming adherence to the status quo that in effect extends the life of fossil fuel extraction 
and perpetuates environmental racism. It is inconsistent with IPCC recommendations and the 
goals of AB 32 and AB 197, and does not protect public health.” 


Response: Please refer to response to Comment 560-3. No changes to the First Draft EA are 
required in response to this comment.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 566 


6/24/2022 Sylvia Regan, Center for Biological Diversity 


566-1: The commenter states, “However, the draft Scoping Plan proposal fails to achieve 
either the pace or the scale of emission reductions that climate science tells us are needed.” 


Response: Please refer to response to comment 560-1.  


566-2: The commenter states, “The draft Scoping Plan also relies on a highly speculative 
volume of GHG reductions from a mix of measures—CCS, bioenergy, and direct air 
capture—with highly dubious climate benefits, many with substantial and known risks of 
negative impacts to human health and the environment.” 


Response: Please refer to Master response 3, regarding CCS and mechanical CDR (direct air 
capture). 


566-3: The commenter states, “DERs can achieve several environmental and community 
benefits, such as local economic benefits including job creation, improvements to public 
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health including decreased air and groundwater pollution, resiliency, affordability, and as 
detailed above, avoided significant land use, biodiversity, and species impacts. For instance, 
growing local solar and storage would save California ratepayers $4 billion a year, adding up 
to $120 billion over the next 30 years.32 This is important, as the draft Scoping Plan notes that 
even with the SB 100 directive, the difference between retail sales and total load, due in 
large part to “pumping loads and transmission, distribution, and storage losses” warrants 
new fossil fuel generation.33 A high-DER future, however, will eliminate this difference. In 
order to allow for informed decision-making, CARB must make the appropriate revisions in 
the draft Scoping Plan and the accompanying Environmental Assessment.” 


Response: The comment suggests consideration of distributed energy resources. This 
comment is directed toward the contents of the 2022 Scoping Plan and does not address the 
adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 


CARB also notes that, as described in the Recirculated Draft EA, the 2022 Scoping Plan has 
been updated to exclude new natural gas generation from the modelling for meeting 
increased demand.  


566-4: The commenter states, “Absent the full picture of social costs and non-energy 
benefits required by AB 197 and other climate policies, it is simply not possible for the Board 
to adequately weigh the cost-effectiveness of each alternative scenario and compare with the 
Proposed Scenario. Until CARB considers the additional costs to society of GHG reduction 
measures, CARB cannot meet its mandates under either AB 32 or the California 
Environmental Quality Act to allow for informed decision-making.” 


Response: Pursuant to CEQA Guidelines Section 15131, economic or social effects shall not 
be treated as significant effects on the environment unless they result in a physical change 
that may affect the environment. The comment does not raise an issue related to the 
adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 


566-5: The commenter states, “In addition, the use of BenMap does not cure this error. 
BenMap only determines public health benefits of GHG reductions. It does not determine 
the public health impacts of GHG reduction methods. In other words, while BenMap may 
detect public health benefits associated with capturing GHGs, BenMap cannot detect the 
local air and water pollution associated with the process of capturing those GHGs.” 


Response: CARB uses the BenMAP tool to provide the best possible estimates of the air 
quality co-benefits of GHG reduction measures. BenMAP estimates public health benefits of 
reducing two pollutants, PM2.5 and ground level ozone. Reductions in these pollutants are 
often co-benefits of GHG reduction measures implemented at a state or regional level. While 
BenMAP quantifies benefits of reducing specific criteria pollutants, CARB uses the social cost 
of carbon to quantify the benefits of GHG reduction. Additional analysis of health benefits of 
GHG reduction measures will be conducted in the implementation process after the 2022 
Scoping Plan is adopted.  
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The AB 197 analysis in Chapter 3 of the 2022 Scoping Plan provides GHG and criteria 
pollutant emissions reductions relative to the Reference Scenario for the measures in the 
Scoping Plan Scenario in 2035 and 2045, which based on these estimates, are expected to 
provide air quality benefits (see Table 3-5). Furthermore, the public health analysis used these 
criteria pollutant emissions estimates to understand the relative health benefits of the various 
actions in the 2022 Scoping Plan. Section 10 of Chapter 4 of the Recirculated Draft EA 
describes the impacts and benefits on hydrology and water quality from implementation of 
the reasonably foreseeable compliance responses in the 2022 Scoping Plan. 


566-6: The commenter states, “For instance, by not analyzing the lifecycle impacts or local 
impacts of GHG reduction measures, the Board is blind to the following impacts:  


• Increased groundwater contamination from the expansion of dairy herd sizes in the 
production of biofuels and associated water supply impacts. 


• The significant local impacts, including potential hazards and air quality deterioration, 
of CCS.38 It is also notable that “the [electricity generation sector target] does not 
include any additional load to implement CO2 removal through CCS [carbon capture 
and storage] or direct air capture.”39 CARB cannot proceed with this proposal without 
knowing the extent of the additional load which could jeopardize meeting our SB 100 
target. 


• The health and safety costs presented by hydrogen produced from steam methane 
reformation, gasification, or pyrolysis of biogas and biomass.40 


40  See e.g. American Medical Association, Resolution 438 Informing Physicians, Health Care 
Providers and the Public About the Dangers of Fossil-Fuel Derived Hydrogen (2022), 
https://www.ama-assn.org/system/files/a22-refcmte-d-report-annotated.pdf. 


Response: The First Draft EA discusses the potential environmental impacts associated with 
installing of an anaerobic digester at a dairy. Digesters are commonly implemented within an 
existing manure management system with potentially resultant impacts assumed to be similar 
to or lessened compared the pre-installation impacts of the facility due to environmental 
protection measures installed in combination with or because of the digester system. These 
include solid liquid separation systems that facilitate better nutrient control, digester linings 
that protect water quality by improved wastewater containment, and biogas capture and 
cleanup equipment that reduces air pollutant emissions. Available information on established 
trends indicate that have been consolidating onto fewer, larger farms but the number of 
dairies and the total number of dairy animals has been in decline for decades prior to the 
development of biofuels. The remainder of this comment does not raise significant dairy and 
livestock specific environmental issues related to the First Draft EA, nor does it otherwise 
address the accuracy, adequacy, or completeness of the Frist Draft EA for this sector. 
Therefore, no dairy- and livestock-specific changes to the First Draft EA are required in 
response to this comment. 


Please refer to Master Response 3 regarding CCS energy impacts and response to comment 
296-5 regarding hydrogen production impacts.  



https://www.ama-assn.org/system/files/a22-refcmte-d-report-annotated.pdf
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566-7: The commenter states, “Finally, the fossil fuel electricity system is fundamentally 
damaging to wildlife. Fossil fuel production, transmission, generation, and waste disposal 
activities cause a wide array of harms to species and ecosystems, such as destroying and 
fragmenting wildlife habitat, reducing water supplies often in water-stressed areas, causing 
air, noise, and light pollution; contaminating surface and ground water; and facilitating the 
spread of ecologically disruptive invasive species,41 with similar harms in the offshore marine 
environment.42 For many species, harms from the fossil fuel-based energy system have led to 
mortality, changes in behavior, population declines, disruptions to community composition, 
and loss of ecosystem function. 


41  Butt, Nathalie et al., Biodiversity risks from fossil fuel extraction, 342 Science 425 (2013); 
Brittingham, Margaret C. et al., Ecological risks of shale oil and gas development to 
wildlife, aquatic resources and their habitats, 48 Enviro. Sci. and Tech. 11,034 (2014); 
Pickell, Paul D. et al., Monitoring forest change in landscapes under-going rapid energy 
development: challenges and new perspectives, 3 Land 617 (2014); Souther, Sara et al., 
Biotic impacts of energy development from shale: research priorities and knowledge 
gaps, 12 Frontiers in Ecol. and the Enviro. 330 (2014); Allred, Brady W. et al., Ecosystem 
services lost to oil and gas in North America, 348 Science 401 (2015); Harfoot, Michael B. 
et al., Present and future biodiversity risks from fossil fuel exploitation, 11 Conserv. 
Letters 12,448 (2018). 


42  Venegas-Li, Rubén et al., Global assessment of marine biodiversity potentially threatened 
by offshore hydrocarbon activities, 25 Global Change Bio. 2009 (2019).” 


Response: The comment addresses adverse environmental effects related to the fossil fuel 
electricity system. The 2022 Scoping Plan seeks to substantially reduce the use of fossil fuels 
in California and reflects the direction from the Governor that state agencies plan for an 
energy transition that avoids the need for new natural gas power plants (see also 
Recirculated Draft EA). This comment does not address the adequacy, accuracy, or 
completeness of the First Draft EA and no further response is required.  


566-8 The commenter states, “Pursuant to AB 32, AB 197, and CEQA, CARB must include an 
analysis of these additional costs to society in the Scoping Plan and the environmental review 
of the 2022 Scoping Plan.” 


Response: Pursuant to CEQA Guidelines Section 15131, economic or social effects shall not 
be treated as significant effects on the environment unless they result in a physical change 
that may affect the environment. The comment does not raise an issue related to the 
adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 


566-9: The commenter states, “Warehouse and logistics development in particular is a well-
documented source of greenhouse gas emissions and air quality degradation that can create 
serious, negative health outcomes for surrounding communities.74 Particulate emissions from 
diesel vehicles contribute to “cardiovascular problems, cancer, asthma, decreased lung 
function and capacity, reproductive health problems, and premature death.”75 With the rapid 
increase in global trade, the Ports of LA and Long Beach have become a primary entryway for 
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goods, processing over 40 percent of all imports into the United States, and accounting for 
20 percent of diesel particulate pollutants in southern California—more than from any other 
source.76 These goods are ‘transloaded’ before leaving Southern California, meaning that 
they spend some time in warehouse storage facilities before they reach their final 
destination.77 This has resulted in a massive, unchecked expansion of warehouse 
development throughout Southern California, creating a logistics hub so massive that it is 
now visible from space.78 This growth continues unchecked and is now bleeding into open 
space areas in Coachella Valley and elsewhere, choking airways and driving habitat loss. The 
Proposed Scoping Plan makes little mention of the supply chain/logistics industry, which 
drives these impacts. CARB must coordinate with regional planning and transportation 
agencies to ensure that the logistics industry is planned with intention, away from existing 
residential communities, and that the attendant environmental impacts are limited to the 
extent feasible. 


74  Betancourt, S. & Vallianatos, M., Storing Harm: The Health and Community Impacts of 
Goods Movement Warehousing and Logistics. The Impact Project Policy Brief Series 
(2012), https://envhealthcenters.usc.edu/wp-content/uploads/2016/11/Storing-Harm.pdf. 


75  Betancourt 2012 at 5.  
76  Minkler, Meredith, et al., Community-Based Participatory Research: A Strategy for 


Building Healthy Communities and Promoting Health through Policy Change, PolicyLink 
(2012).  


77  Betancourt 2012.  
78  Pitzer College, Warehouses Visible from Space (2022) 


https://www.pitzer.edu/redfordconservancy/warehouses-visible-from-space/.” 


Response: The comment does not raise any significant environmental issues associated with 
the proposed 2022 Scoping Plan Update. However, CARB does proactively search out, 
review, and submit comments on proposed freight projects proposed to agencies around the 
state, such as warehouses and rail facilities, undergoing environmental review under the 
National Environmental Policy Act (NEPA) and CEQA.  


566-10: The commenter states, “Metals mining is one of the world’s dirtiest industries, 
responsible for at least 10% of greenhouse gas emissions. Mining is linked to environmental 
destruction, freshwater contamination and depletion, human rights abuses, forced 
displacement, loss of livelihood, violent conflict, unsafe working conditions, and illicit financial 
flows in many parts of the world. As California leads the way to a clean energy future, we can 
reduce the risk of harm from metals mining by requiring EV manufacturers to maximize 
recyclability, minimize toxicity, conduct mandatory due diligence on their supply chains, and 
where new mining is necessary, require that it be done following the best standards for 
environmental protection and respect for human rights via independent, third-party 
verification.” 


Response: The source and scope of the commenter’s statement that metals mining is 
responsible for at least 10 percent of global GHG emissions is unclear. However, worldwide 
GHG emissions data staff reviewed from 2010 in the IPCC 5th Assessment Report suggests 



https://envhealthcenters.usc.edu/wp-content/uploads/2016/11/Storing-Harm.pdf.

https://www.pitzer.edu/redfordconservancy/warehouses-visible-from-space/
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mining may represent less than 10 percent of global emissions.57 CARB recognizes that its 
rules and regulations aimed to decarbonize the state through use of zero-emission 
technology may induce new demand for various metals including lithium, graphite, cobalt, 
nickel, copper, manganese, chromium, zinc, and aluminum. Additionally, the production of 
hydrogen fuel cells commonly requires the use of platinum. CARB does not intend to limit 
the types of batteries that may be used to comply with zero-emission vehicle requirements 
under the 2022 Scoping Plan and recognizes that future zero-emission technologies may be 
developed that use other minerals, metals, or resources. CARB also recognizes that it is not 
solely responsible for an increase in demand for these metals; rather, they are global 
commodities.  


The federal government recently enacted legislation providing significant support for ZEVs. 
The Inflation Reduction Act of 202258 provides significant tax credits for new and used ZEVs59 
and electric vehicle charging infrastructure.60 It provides an advanced manufacturing tax 
credit for production of critical minerals used in ZEV batteries61 and appropriates $500 million 
for “enhanced use” under the Defense Production Act to incentivize critical mineral 
production.62 It authorizes the Department of Energy to commit up to an additional $40 
billion in loan guarantees (on top of an existing program of $24 billion) for innovative 
technologies, which includes projects that avoid GHGs and other air pollutants or that 
employ new or improved technologies.63 Various international efforts are also underway to 
electrify the mobile-source sector pursuant to commitments made in the European Union,64 
United Nations (UN) Paris Accord, Kyoto Protocol, and by members of the Under2 Coalition, 
among others. It is also important to note that ICEVs require aluminum alloys, magnesium, 
iron, and steel, which are all metals that already require extensive mining with similar physical 
impacts to the environment that were identified in Chapter 4 of the First Draft EA, including 
loss of habitat, agricultural resources, and forests; water, air, and noise pollution; and 
erosion. As a result, while federal and international action are likely to independently cause 
environmental impacts related to critical minerals, including those impacts analyzed in the 
First Draft EA for the 2022 Scoping Plan, CARB has nonetheless conservatively analyzed the 


 
57 Energy consumption for mining and quarrying is reported to be 2.7 percent of industrial energy use and is 
included in “other industries” in Figure 10.4 and Table 10.3 (ipcc_wg3_ar5_chapter10.pdf). Emissions 
associated with ferrous and non-ferrous metals are about 4.5 percent of global GHG emissions (2010 global 
emissions summarized at: ipcc_wg3_ar5_summary-for-policymakers.pdf). Another source of data shows 7.5 
percent of emissions from metals mining in 2016, https://ourworldindata.org/emissions-by-sector#direct-
industrial-processes-5-2.  
58 Pub.L. No: 117-169 (Aug. 16, 2022) 136 Stat. 1818. 
59 Id., § 13401, amending 26 U.S.C. § 30D. 
60 Id., § 13404, amending 26 U.S.C. § 30C. 
61 Id., § 13502, adding 26 U.S.C. § 45X. 
62 Id., § 30001. 
63 Id., § 50141. 
64 Proposal for a Regulation of the European Parliament and of the Council amending Regulation (EU) 2019/631 
as regards strengthening the CO2 emission performance standards for new passenger cars and new light 
commercial vehicles in line with the Union’s increased climate ambition, COM/2021/556 final, May 11, 2022.  



https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter10.pdf

https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_summary-for-policymakers.pdf

https://ourworldindata.org/emissions-by-sector#direct-industrial-processes-5-2

https://ourworldindata.org/emissions-by-sector#direct-industrial-processes-5-2
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full range of reasonably foreseeable environmental effects that may result from the 2022 
Scoping Plan. 


In response to the industry’s electrification commitments and potential obligations, the 
recycling of lithium-ion batteries is also increasing to ensure that minerals are recovered and 
reused instead of discarded.65 Widespread battery recycling would keep hazardous materials 
from entering the waste stream, both at the end of a battery's useful life and during its 
production. Work is now under way to develop battery-recycling processes that minimize the 
lifecycle impacts of using batteries in vehicles. Batteries that power vehicles will be recycled 
at recycling facilities, where they will be transformed into valuable scrap commodities like 
cobalt, copper, nickel, and lithium carbonate, which can then be used to produce another 
battery more efficiently. Battery recycling can also reduce the demand for virgin materials 
used in the production of new batteries.66 Policy recommendations aimed at ensuring that as 
close to 100 percent as possible of lithium-ion vehicle batteries in the state are reused or 
recycled at end-of-life in a safe and cost-effective manner have also been submitted to the 
California Legislature by the Lithium-Ion Car Battery Recycling Advisory Group.67  


New sources of lithium, among other minerals, have been identified internationally and 
domestically, including new mining opportunities in California’s Imperial Valley. The CEC’s 
Lithium Valley Commission estimates that the Imperial Valley may have sufficient lithium 
supplies to meet 40 percent of the world’s total lithium demand, which would be coupled 
with renewable energy and more sustainable extraction processes (a final report is expected 
to be submitted to the State Legislature by October 2022). Industry is also rapidly moving to 
batteries with different chemistries or formats to address concerns with mineral supply chain 
issues or human rights concerns.68 Moreover, as a component of the Advanced Clean Cars II 
program, CARB is proposing that ZEV batteries be labelled to enable second use and 
recycling processes to conserve semi-precious metals used in the manufacturing process of 
ZEV batteries. The Advanced Clean Cars II program also includes provisions that would result 
in longer-lasting ZEVs, such as minimum requirements for range and durability, that could 
help reduce disposal impacts from ZEVs when compared to ICEVs. 


The First Draft EA makes a good faith effort to disclose the potentially adverse environmental 
impacts related to the mining, manufacturing, and recycling of lithium-ion and even nickel-
hydride batteries throughout its analysis consistent with Section 15002(g) of the State CEQA 


 
65 Redwood Materials, Inc. 2022. California Electric Vehicle & Hybrid Battery Recycling Program. Accessed 
August 8, 2022. https://www.redwoodmaterials.com/california-recycling-program#.   
66 Dunn, Jessica, Margaret Slattery, Alissa Kendall, Hanjiro Ambrose, and Shuhan Shen. 2021. “Circularity of 
Lithium-Ion Battery Materials in Electric Vehicles.” Environ. Sci. Technol. 2021, 55, 8, 5189–
5198. https://pubs.acs.org/doi/abs/10.1021/acs.est.0c07030. 
67 California Environmental Protection Agency. 2022. Lithium-Ion Car Battery Recycling Advisory Group Final 
Report. March 16. Accessed June 16, 2022. https://calepa.ca.gov/wp- 
content/uploads/sites/6/2022/05/2022_AB-2832_LithiumIon-Car-Battery-Recycling-Advisory-Goup-Final-
Report.pdf. 
68 Visnic, Bill. 2020. “GM's Ultium Battery System Future-Proofed.” SAE International. May 22. Accessed March 
11, 2022. https://www.sae.org/news/2020/05/gm-ultium-battery-update. 
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Guidelines.69 Potentially adverse impacts related to mining activities are identified in various 
portions of the First Draft EA including Sections 4.111, 4.2.1, 4.4.2, and 4.10.2 among other 
impacts. The First Draft EA analysis draws conclusions and makes disclosures while avoiding 
mere speculation that is not allowed under CEQA. 


The First Draft EA does not attempt to capture the potential effects of mining the gamut of 
existing and potential battery materials because it would be speculative to attempt to predict 
the specific methods, locations, and extent of mining conducted to extract these minerals, 
metals, and resources in the future. Nevertheless, the First Draft EA makes a good-faith effort 
to disclose potentially adverse environmental effects of increased mining activity. Notably, of 
the aforementioned metals (i.e., lithium, graphite, cobalt, nickel, copper, manganese, 
chromium, zinc, aluminum, and platinum), lithium is often mined using brine mining (i.e., 
pumping and processing of brine water), whereas the other metals are harvested using 
surface open pit or underground extraction of ores followed by a variety of processing 
techniques. Where appropriate, the environmental impacts associated with brine, open pit, 
and underground mining are disclosed, which is intended to reasonably describe the types of 
impacts associated with the increased mining of these metals. 


As emphasized in the First Draft EA throughout Chapter 4, following the recommendation of 
resource-specific project-level mitigation measures, the authority to determine project-level 
impacts and require project-level mitigation lies with land use and/or permitting agencies for 
individual projects, and the programmatic level of analysis associated with the First Draft EA 
does not attempt to address project-specific details of mitigation; there is inherent 
uncertainty in the degree of mitigation that may ultimately be implemented to reduce 
potentially significant impacts. The First Draft EA makes a good faith effort to disclose 
potentially significant impacts and proposes project-level mitigation measures that could be 
implemented to reduce impacts. Pursuant to Section 15002(g) of the CEQA Guidelines, the 
First Draft EA identifies a significant effect, and CARB, the legal entity approving the 2022 
Scoping Plan, determines whether the adverse environmental effects can be substantially 
reduced and explains why they may not. In the context of the First Draft EA, and the 
potentially significant impacts identified that may occur outside of the state, CARB cannot, 
without speculating, precisely predict the locations of these impacts nor account for the 
regulatory environment that may be capable of reducing impacts to a less-than-significant 
level. For instance, mining activities that occur overseas in countries that may have fewer 
regulations in place to mitigate environmental impacts are beyond CARB’s authority to 
mitigate or regulate. Nevertheless, these potential adverse impacts are identified and 
disclosed in the First Draft EA.  


The First Draft EA summarizes potential short-term construction-related and long-term 
operational-related effects to mineral resource impacts and discloses data pertaining to 
worldwide production and reserves for lithium, nickel, cobalt, platinum, and palladium. 
Implementation of the 2022 Scoping Plan and associated compliance responses could result 
in an increase in mining for critical minerals, but the impact would be generally small when 


 
69 California Code of Regulations, title 14. 
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viewed in the context of global mineral markets. Moreover, most importantly here, Appendix 
G of the CEQA Guidelines considers an impact on mineral resources to be the loss of 
availability of a known mineral resource that would be of value to a local entity, a region or 
the state. Local jurisdictions are responsible for identifying appropriate areas to protect 
and/or allow mining of mineral resources. Facilities developed in response to implementation 
of the 2022 Scoping Plan would be in areas within existing footprints or in areas with 
consistent zoning where local permitting and analysis considers these issues, and would help 
avoid precluding access to a known mineral resource. And there is no evidence to suggest 
that the incremental mineral demand relating to the 2022 Scoping Plan has any potential to 
result in the loss of availability of a known mineral resource of value to the state or to the 
residents of the state, or result in the loss of availability of a locally-important mineral 
resource recovery site identified in a local land use plan. (See CEQA Appendix G, Section XII, 
Mineral Resources.) 


Furthermore, mineral extraction and mining activities within the United States would be 
required to comply with the provisions of the Clean Water Act and the natural resource 
protection and land reclamation requirements of the appropriate State and federal land 
managers. For instance, the U.S. Bureau of Land Management and U.S. Forest Service mining 
permit conditions contain protections for hydrologic resources and require mining 
reclamation standards. However, the metals necessary for battery technology are commonly 
obtained from areas outside of the United States, where State and U.S. laws and regulations 
are not enforced. Thus, water quality impacts related to mining could occur because of 
implementation of the reasonably foreseeable compliance responses associated with the 
2022 Scoping Plan.  


To the extent this comment address economic or other non-environmental impacts, such 
impacts are beyond the scope of the First Draft EA. 


566-11: The commenter states, “First and foremost, we reject the premise that CCS is a 
necessary—or even appropriate—approach to addressing the climate crisis and pollution 
burdens borne by frontline and fenceline communities. After billions of dollars of investment 
and decades of development, deployment of CCS has consistently proven to be ineffective, 
uneconomic, and unnecessary. CCS projects around the world have failed to meet their GHG 
emission reduction promises and have harmed people and the environment. Moreover, the 
types of dirty energy CCS will enable and prolong, and the infrastructure and energy 
required for carbon capture utilization and storage (CCUS), will cause additional pollution in 
communities already suffering from unhealthy air and water quality.” 


Response: Please refer to Master Response 3. 


566-12: The commenter states, “These real-world failures of CCS projects don’t even take 
into account the lifecycle emissions of CCS projects. And as the Institute for Energy 
Economics and Financial Analysis (“IEEFA”) notes, the energy required to capture, transport, 
and inject carbon underground “materially reduces its net benefit.”85 For example, coal-fired 
power plants with carbon capture have an energy penalty of 25% or more, with the efficiency 
penalty as high as 15%.86 These “penalties” mean more fuel has to be burned to produce the 
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same amount of power, which means higher energy costs, greater emissions of non-CO2 air 
pollutants, and increased demand on the grid.87 And any CO2 that is stored underground 
risks leakage back to the atmosphere, based on the long track record of fossil fuel industry 
leaks and spills.88 


85  Butler, Clark, IEEFA, Carbon Capture and Storage Is About Reputation, Not Economics at 
4 (2020), https://ieefa.org/wp-content/uploads/2020/07/CCS-Is-About-Reputation-Not-
Economics_July-2020.pdf.  


86  Climate Action Network Int’l, CAN Position: Carbon Capture, Storage, and Utilisation at 9 
(2021), https://climatenetwork.org/resource/can-position-carbon-capture-storage-and-
utilisation/ [hereinafter CAN Position]. 


87  Id.  
88  The myth of permanent carbon sequestration is echoed in regulations that merely kick the 


climate problem down the road and onto future generations. Under EPA’s regulations for 
Class VI injection wells for CO2, for example, a permit applicant need only show that they 
can store CO2 for 50 years in order to qualify for subsidies. 40 C.F.R. § 146.93. 
California’s Low Carbon Fuel Standards doesn’t fare much better, requiring only 100 years 
of storage. CARB, Accounting and Permanence Protocol for Carbon Capture and 
Geologic Sequestration under Low Carbon Fuel Standard (2018), 
https://ww2.arb.ca.gov/sites/default/files/2020-03/CCS_Protocol_Under_LCFS_8-13-
18_ada.pdf (“‘Permanent sequestration’ or ‘permanence’ means the state where 
sequestered CO2 will remain within the sequestration zone for at least 100 years.”). 


Response: Please refer to Master Response 3 regarding emissions and potential health 
impacts of mechanical CDR and CCS projects. 


Please also refer to Master Response 2 related to safety of CO2 pipelines, capture chemicals, 
and geologic storage of CO2. 


As described in the Final Statement of Reasons for the 2018 Amendments to the Low Carbon 
Fuel Standard,70 CARB chose 100 years71 as the standard for permanent reduction of CO2 
from all sequestration projects following IPCC guidance.72 In other words, carbon must be 
proven and verified to be sequestered for 100 years in order to be considered permanent 
emission avoidance, and thus equivalent to a non-reversible reduction in emissions (e.g., 
solar, increased efficiency, fuel switching).  


566-13: The commenter states, “CCS projects also can harm people because of the emission 
of harmful air pollutants such as fine particulate matter, ammonia, and hazardous volatile 
organic compounds.94 Further, toxic chemicals like lye and ammonia are used to “capture” 


 
70 California Air Resources Board. 2018. Amendments to the Low Carbon Fuel Standard Regulation and to the 
Regulation on Commercialization of Alternative Diesel Fuels. Available: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2018/lcfs18/fsorlcfs.pdf. Accessed: September 2022. 
71 CARB also successfully defended this standard in court. 
72 Land Use, Land-Use Change and Forestry. IPCC Webpage. Accessed: February 17, 2018. Available: 
http://www.ipcc.ch/ipccreports/sres/land_use/index.php?idp=74.  



https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2018/lcfs18/fsorlcfs.pdf

http://www.ipcc.ch/ipccreports/sres/land_use/index.php?idp=74
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carbon.95 Megatons of these dangerous chemicals must be produced, transported, and 
handled to operate carbon capture at scale, and will eventually be disposed of, putting 
communities at risk. And because CCS enables the underlying emissions-generating activity 
(such as fossil fuel power generation) to continue, upstream and downstream impacts from 
activities such as fossil fuel extraction, refining, transport, use, and disposal will continue to 
harm people’s health, particularly in overburdened communities.96  


A recent study confirmed that the lifecycle pollution and social harms from CCS fossil fuel-
fired powerplants result in more harm than good. The researchers examined the net CO2 
reduction and total lifecycle cost of carbon capture from a coal plus CCS power plant, and a 
plant that removes carbon directly from the air.97 They “account[ed] for the electricity needed 
to run the carbon capture equipment, the combustion and upstream emissions resulting from 
that electricity, and, in the case of the coal plant, its upstream emissions,” with the upstream 
component including leaks and combustion, mining, and fuel transportation, and found that 
CCS “reduces only a small fraction of carbon emissions, and it usually increases air 
pollution.”98 Because of the lifecycle pollution and the harms arising from that, the study 
authors recommended replacing fossil fuels with renewables such as wind or solar rather than 
encouraging and investing in CCUS.99 Black, Brown, and Indigenous communities already 
overburdened by fossil fuel pollution and disproportionately harmed by the climate crisis are 
again being targeted for CCUS infrastructure. Companies in Louisiana, for example, are 
eyeing parts of that state for what would be among the largest CCUS projects in the world, 
despite those areas being heavily overburdened by decades of toxic pollution and ongoing 
industrial accidents.100 California’s Central Valley is also being targeted for CCUS projects, 
even though that area has the state’s worst air quality.101 


94  Kubota, Taylor, Stanford Study casts Doubt on Carbon Capture, Stanford News (Oct. 25, 
2019), https://news.stanford.edu/2019/10/25/study-casts-doubt-carbon-capture/ 
(“Stanford Report Summary”), citing Jacobson, Mark Z., The health and climate impacts 
of carbon capture and direct air capture, 12 Energy Envt. Sci. 3567 (2019), 
https://pubs.rsc.org/en/content/articlelanding/2019/ee/c9ee02709b/unauth#!divAbstract. 


95  Cong. Research Serv., R44902, Carbon Capture and Sequestration (CCS) in the United 
States at 4-5 (2021), https://sgp.fas.org/crs/misc/R44902.pdf. 


96  CIEL CCS Report at 7 (citing, for example, a Harvard study finding that fine particulate 
matter emitted with fossil fuel burning is responsible for millions of deaths worldwide).  


97  Stanford Report Summary.  
98  Id. (emphasis added).  
99  Id. (“There is a lot of reliance on carbon capture in theoretical modeling, and by focusing 


on that as even a possibility, that diverts resources away from real solutions. It gives 
people hope that you can keep fossil fuel power plants alive. It delays action. In fact, 
carbon capture and direct air capture are always opportunity costs.”).  


100 See, e.g., Gulf Coast Sequestration, Gulf Coast Sequestration Makes Initial Filing to 
Obtain EPA Permit for CCS Project (Oct. 13, 2020), https://gcscarbon.com/media/gulf-
coast-sequestration-makes-initial-filing-to-obtain-epa-permit-for-ccs-project/; see also 
Robinson, Andrea, Wednesday’s explosion marks second in four months for Westlake 
Chemical, KPLC, Jan. 27, 2022, https://www.kplctv.com/2022/01/28/wednesdays-



https://pubs.rsc.org/en/content/articlelanding/2019/ee/c9ee02709b/unauth%23!divAbstract

https://sgp.fas.org/crs/misc/R44902.pdf
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explosion-westlake-chemical-marks-second-four-months/; Rogers, Heather, Erasing 
Mossville: How Pollution Killed a Louisiana Town, Intercept, Nov. 4, 2015, 
https://theintercept.com/2015/11/04/erasing-mossville-how-pollution-killed-a-louisiana-
town/.  


101 See, e.g., American Lung Association, State of the Air: Most Polluted Cities, 
,https://www.lung.org/research/sota/city-rankings/most-polluted-cities (last visited Apr. 
12, 2022) (listing the nation’s most polluted cities, where three of the top five are in 
California’s Central Valley); see also Stanford Report Summary.  


Response: Please refer to Master Response 3 regarding emissions and potential health 
impacts of mechanical CDR and CCS projects. 


Please also refer to Master Response 2 related to safety of CO2 pipelines and capture 
chemicals. 


566-14: The commenter states, “Fourth, the Plan baselessly asserts that CCS is “equity-
focused.” By design, CCS enables an underlying emissions-generating activity (like fossil fuels 
or biomass) to continue by capturing some of the CO2 it would otherwise emit. CCS 
therefore locks in emissions and health harms of dirty industries for decades to come. With 
most of California’s CCS projects planned for the Central Valley, where communities are 
overburdened by pollution already, CCS development will make these communities bear the 
brunt of industries that will further pollute the air and water. And because CO2 pipeline leaks 
can also be deadly, placing these pipelines and injection sites even within miles of homes, 
schools, and other populated areas means risking lives.111 CARB’s vague reference to EJAC 
concerns and the idea for a “multi-stakeholder process…to further understand and address” 
concerns is not enough, particularly when simultaneously advancing a Scenario that relies 
heavily on CCS.112  


Similarly, a recent report by the Pipeline Safety Trust calls out CO2 pipelines as “dangerous 
and underregulated.”113 This analysis applies not only to federal pipeline regulations but also 
those within California. In the State, the Office of the State Fire Marshall regulates intrastate 
hazardous liquid pipelines, whereas the California Public Utilities Commission regulates 
intrastate gas pipelines.114 But as the Pipeline Safety Trust points out, CO2 for CCS can be in 
liquid, gas, or supercritical form. CO2 in a supercritical state can be categorized as either a 
liquid or gas and is not currently codified under either statutory or regulatory scheme. This is 
a problem because, as the Pipeline Safety Trust explains: 


Carbon dioxide has different physical properties from products typically moved in 
hazardous hydrocarbon liquid or natural gas transmission pipelines. Those differences 
pose unique safety hazards and greatly increase the possible affected area or potential 
impact radius upon a pipeline release that would endanger the public. CO2 pipeline 
ruptures can impact areas measured in miles, not feet. The way regulations currently 
consider and mitigate for the risks posed by hydrocarbon pipelines in communities are 
neither appropriate nor sufficient for CO2 pipelines.115 



https://www.kplctv.com/2022/01/28/wednesdays-explosion-westlake-chemical-marks-second-four-months/
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And since all CCS projects require moving compressed CO2 through pipelines, this is an 
immediate and alarming concern that should halt any CCS development until it is addressed. 


111 Zegart 2021.  
112 Scoping Plan at 70; see also page 177.  
113 Pipeline Safety Trust, Carbon Dioxide Pipelines: Dangerous and Under-Regulated (Mar. 


23, 2022), https://pstrust.org/wp-content/uploads/2022/03/CO2-Pipeline-Backgrounder-
Final.pdf. 


114 Cal. Gov. Code § 51010; Cal. Pub. Util. Code § 955. 
115 Pipeline Safety Trust 2022.” 


Response: Please refer to Master Response 2 related to safety of CO2 pipelines, capture 
chemicals, and geologic sequestration of CO2. 


566-15: The commenter states, “Evidence shows that like coal and oil, woody biomass is a 
carbon-burning form of energy production that emits carbon dioxide and contributes to the 
climate crisis. Biomass power plants are California’s dirtiest electricity source—releasing more 
carbon at the smokestack than coal.120 The average GHG emission rate for California’s 
current electricity portfolio is about 485 pounds carbon dioxide equivalent (CO2e) per 
megawatt hour (MWh).121 In 2018, woody biomass power plants in California emitted more 
than seven times that amount, averaging 3,500 pounds CO2e per net MWh for non-
cogeneration facilities.122 


Despite the substantial carbon pollution from biomass power, biomass proponents claim that 
cutting and incinerating forests is inherently “carbon neutral,” i.e., that it does not cause net 
GHG emissions. The science simply does not support this claim. While biomass proponents 
try to discount the carbon released by biomass power plants by taking credit for the carbon 
absorbed by future tree growth, there is no requirement that forests cut down for biomass 
energy be allowed to regrow instead of being cut again and again, and or that forests won’t 
be developed into other land uses. And even if trees are allowed to regrow, numerous 
studies show that it takes many decades to more than a century—if ever—for new trees to 
grow large enough to capture the carbon that was released.123 One study concluded that the 
increase in atmospheric GHGs may be permanent.124 Intact forests are a vital part of the 
climate solution because they pull carbon out of the air and provide long term, natural 
storage.125 And studies show that thinning forests to control fire actually reduces forest 
carbon stocks and increases overall carbon emissions.126 


In addition to not being a climate solution, research has concluded that BECCS can have 
negative impacts on the climate, food security, biodiversity, forest ecosystems, water use, 
and land use rights.127 


121 CARB, California Greenhouse Gas Emissions for 2000 to 2018, Trends of Emissions and 
Other Indicators (2020 Edition) at Figure 9 (GHG Intensity of Electricity Generation); see 
also CARB, 2000-2018 Emissions Trends Report Data (2020 Edition) at Figure 9, showing 
the overall GHG Intensity of Electricity Generation in 2018 of 0.22 tonnes CO2e per 
MWh, which is equal to 485 pounds per MWh. These calculations were based on the 2020 



https://pstrust.org/wp-content/uploads/2022/03/CO2-Pipeline-Backgrounder-Final.pdf
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trends report, however the 2021 edition, California Greenhouse Gas Emissions for 2000 
to 2019, Trends of Emissions and Other Indicators (July 28, 2021) (Figure 9) shows a 
similar number (0.21 tonnes CO2e per MWh), 
https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2019/ghg_inventory_trends_00-
19.pdf (data available for download at https://ww2.arb.ca.gov/ghg-inventory-data).  


122 Total CO2e emissions for each facility in 2018 come from California Air Resources Board 
Mandatory GHG Reporting Emissions data, available at CARB, Mandatory GHG Reporting 
– Reported Emissions, https://ww2.arb.ca.gov/mrr-data (last visited June 23, 2022). Data 
on net MWh produced by each facility in 2018 come from the Cal. Energy Comm’n, 
California Biomass and Waste-To-Energy Statistics and Data, 
https://ww2.energy.ca.gov/almanac/renewables_data/biomass/index_cms.php (last visited 
June 23, 2022). Total CO2e produced by the 9 electricity only, non-cogeneration active 
woody biomass facilities with available data totaled 2,127,693 metric tons, and net MWh 
in 2018 from these 9 facilities totaled 1,334,346 MWh, for an average of 1.59 metric tons 
CO2e per net MWh, equal to 3,515 pounds CO2e per net MWh. The average of 3,515 
pounds CO2e per MWh includes electricity-only plants; cogeneration plants are excluded 
because some of their CO2 emissions are from heat-related fuel consumption. The high 
CO2e rate-per-MWh is similar for biomass facilities without cogeneration.  


123 See, e.g., Booth, Mary S., Not carbon neutral: Assessing the net emissions impact of 
residues burned for bioenergy, 13 Environmental Research Letters 035001 (2018); 
Sterman 2018.  


124 Holtsmark, Bjart, The outcome is in the assumptions: Analyzing the effects on atmospheric 
CO2 levels of increased use of bioenergy from forest biomass, 5 GCB Bioenergy 467 
(2012). 


125 Moomaw, William R. et al, Intact forests in the United States: proforestation mitigates 
climate change and serves the greatest good, Frontiers in Forests and Global Change, 
doi: 10.3389/ffgc.2019.00027 (2019).  


126 Mitchell, S.R. et al., Forest fuel reduction alters fire severity and long-term carbon storage 
in three Pacific Northwest ecosystems, 19 Ecological Applications 643 (2009); Campbell, 
J.L. & A.A. Ager, Forest wildfire, fuel reduction treatment, and landscape carbon stocks: a 
sensitivity analysis, 121 Journal of Environmental Management 124 (2013); DellaSala, D.A. 
& M. Koopman, Thinning Combined with Biomass Energy Production Impacts Fire-
Adapted Forests in Western United States and May Increase Greenhouse Gas Emissions, 
Reference Module in Earth Systems and Environmental Sciences (2016).  


127 Heck, Vera et al., Biomass-based negative emissions difficult to reconcile with planetary 
boundaries, 8 Nature Climate Change 151 (2018), https://doi.org/10.1038/s41558-017-
0064-y.” 


Response: CARB disagrees with the comments because the 2022 Scoping Plan does not 
examine every technology or action in isolation to determine if each one is carbon neutral by 
itself. The 2022 Scoping Plan is a statewide modeling exercise, therefore the impact to forest 
carbon stocks of cutting and removing biomass is considered, along with the regrowth of the 
forest separately. The commenter is correct that thinning reduces carbon stocks in the short 
term—as discussed in the 2022 Scoping Plan, “By proactively managing forests and 
shrublands, the loss of carbon from wildfire can be lessened as the risk of high severity fire is 
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decreased, with the removed biomass going toward a more useful purpose such as harvested 
wood products, bioenergy, or engineered carbon removal.”  


State policy generally supports using waste biomass as an alternative to fossil fuels and using 
timber as an alternative to carbon-intensive building materials such as steel and concrete, but 
does not generally support cutting down trees expressly for bioenergy. Urban, agricultural, 
and forest wastes that would otherwise go to landfills or be burned without emission controls 
can, instead, be used to produce electricity, combined heat and power, or biofuels for use in 
hard-to-decarbonize sectors including transportation and heavy industry. Using biomass 
waste also complements other State mandates, such as organic waste diversion and fire-risk 
reduction. It should be noted that the application of bioenergy with carbon capture and 
sequestration (BECCS) is not limited to the use of solid organic waste biomass; CCS can be 
paired with other sources of biogenic carbon dioxide, such as the CO2 generated by 
microbes during the process of fermentation and anaerobic digestion, including from landfill 
gas capture and similar processes that exist today.   


Reported climate benefits aside from displacement of fossil fuels, the First Draft EA 
recognizes that biomass power generation does emit criteria pollutants and TACs (see First 
Draft EA pages 61-71) but notes that increases in the levels of these pollutants from 
stationary sources would be regulated through the local air district permitting process. No 
changes to the First Draft EA are required in response to this comment. The comments are 
noted and are being provided to the Board members for their consideration.  


566-16: The commenter states, “BECCS comes with the risks and harms to the climate and 
communities of CCS, described in detail earlier in this comment. These include emission of 
co-pollutants and the very serious harms associated with CO2 pipeline leaks and ruptures.  


Biomass power plants are a significant source of air pollutants, harming the vulnerable 
communities where biomass facilities are located and worsening environmental injustice. 
Biomass power plants emit toxic air pollutants, including particulate matter (PM), nitrogen 
oxides (NOx), carbon monoxide (CO), sulfur dioxide (SO2), lead, mercury, and other 
hazardous air pollutants that harm public health.130 Biomass power plant pollution can exceed 
that of coal-fired power plants even when the best available control technology is used.131 In 
California, biomass power plants are among the worst emitters of particulate matter and 
NOx.132 Biomass power plants also emit hazardous air pollutants, including hydrochloric acid, 
dioxins, benzene, formaldehyde, arsenic, chromium, cadmium, lead, and mercury.133 


130 Partnership for Policy Integrity, Air pollution from biomass energy (updated April 2011), 
https://www.pfpi.net/wp-content/uploads/2011/04/PFPI-air-pollution-and-biomass-April-
2011.pdf. 


131 Id.  
132 For example, Roseburg Forest Products ranked as the 21st biggest stationary source of 


fine particulate matter out of 591 sources state-wide in 2017, according to facility-level 
emissions data from the CARB, CARB Pollution Mapping Tool, 
https://ww3.arb.ca.gov/ei/tools/pollution_map/pollution_map.htm (last visited June 23, 
2022). 
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133 Partnership for Policy Integrity 2011.” 


Response: In response to public comment, the analysis has been expanded in the 
Recirculated Draft EA for carbon dioxide pipelines associated with potential atmospheric 
mechanical carbon dioxide removal projects and carbon capture and storage projects (pages 
152-153 of the Recirculated Draft EA). Part of this comment is related to the characterization 
of criteria and toxic pollutant emissions from conventional woody biomass power plants in 
the 2022 Scoping Plan; refer to response to comment 566-15. The remainder of this 
comment does not specifically speak to the adequacy, accuracy, or completeness of the First 
Draft EA. No further response is required.  


566-17: The commenter states, “Presenting a more immediate threat to health and safety is 
leakage of captured CO2. At present, CO2 pipelines are “dangerous and under-regulated,” 
with no fix to that regulatory gap in sight.135 This is alarming and concerning to communities 
that live in areas where CO2 pipelines would likely be placed—such as the Central Valley—
because CO2 is an asphyxiant that can lead to suffocation and death, even when there is a 
leak into the ambient atmosphere.136 


135 Pipeline Safety Trust 2022.  
136 Zegart 2021.” 


Response: Please refer to Master Response 3 related to safety of CO2 pipelines, capture 
chemicals, and geologic sequestration of CO2. 


566-18 In a comment regarding the Scoping Plan’s discussion of aviation fuels, the 
commenter states, “The Plan ignores the emissions and environmental consequences 
associated with many of the alternative fuels being considered that would disqualify them 
from use.” 


Response: The low carbon fuels actions in the First Draft EA’s project description encompass 
the reasonably foreseeable compliance responses associated with deployment of sustainable 
aviation fuels (or alternate jet fuels). Collectively, the First Draft EA concluded the 
implementation of the low carbon fuels actions could result in beneficial impacts to air quality 
(long-term operational) and GHG emissions (construction and long-term operational); less 
than significant impacts to energy demand, mineral resources, population and housing, 
public services, recreation, and wildfire; and potentially significant impacts to aesthetics, 
agriculture and forest resources, air quality (construction-related), biological resources, 
cultural resources, geology and soils, hydrology and water quality, land use, transportation, 
tribal cultural resources, and utilities. Please refer to the First Draft EA for further details. No 
changes to the First Draft EA are required in response to this comment. 


566-19: The commenter states, “Food crop-based feedstocks yield GHG emissions 
comparable to fossil fuels, so they are not sustainable. Meanwhile, animal fats and animal 
manure are products of the polluting animal agriculture industry, and their use further 
incentivizes the industry’s expansion and its environmental harms. Relying on wood biomass 
or forestry residues could promote forest logging, hence destroying a significant carbon sink. 
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Finally, energy crops and algae are far from commercial readiness and at present also pose 
an environmental burden.” 


Response: Please refer to response to comment 566-15 regarding logging and response to 
comment 566-18 regarding the short-term and long-term beneficial and adverse impacts for 
alternative fuels. 


566-20: The commenter states, “The Scoping Plan’s Proposed Scenario for Natural and 
Working Lands (NWL) is gravely inadequate to maintain and increase the existing carbon 
storage and sequestration on these lands. In particular, the Proposed Scenario’s massive 
ramp-up of cutting and habitat clearance of forests and shrublands would be harmful to the 
climate, biodiversity, and communities, and must be rejected.” 


Response: The 2022 Scoping Plan NWL analysis, in agreement with published literature as 
discussed in Chapter 2 of the 2022 Scoping Plan, estimates that NWLs will continue to be a 
net source of emissions under all alternatives, including an alternative in which no forest, 
shrubland, and grassland management occurs. The 2022 Scoping Plan increases carbon 
storage and sequestration on these lands relative to the Reference Scenario. The 2022 
Scoping Plan does not include “cutting and habitat clearance of forests and shrublands” as a 
management strategy and it is not an expected compliance response for assessment in the 
First Draft EA. The included management strategies are described in Chapter 2 of the 2022 
Scoping Plan. The management strategies for forests and shrublands are aimed at increasing 
forest health and ecological resilience, not cutting or clearing habitat. The 2022 Scoping Plan 
is estimated to decrease the amount of carbon burned by wildfires by 10% compared to the 
Reference Scenario. This, along with harvested wood products and biomass utilization is 
estimated to result in greater carbon storage than the Reference Scenario, and the no 
management alternative (Alternative 1 in the 2022 Scoping Plan). When assessing the entire 
carbon budget of the California system carbon storage includes not only the ecosystem 
carbon but also all the carbon transformed to other pools and uses. The First Draft EA 
discusses the potential environmental impacts of the forest and shrubland management 
strategies included in the 2022 Scoping Plan. No changes to the First Draft EA are required 
in response to this comment.  


566-21: The commenter states, “CARB’s Proposed Scenario for forests and shrubland calls 
for a massive ramp up of logging, thinning, and habitat clearance that will reduce carbon 
stocks and sequestration, increase carbon emissions, fail to reduce wildfire intensity or keep 
communities safe, and undermine California’s climate goals. CARB must reject this dangerous 
and counter-productive Proposed Scenario. CARB must instead rely on the best-available 
science, conduct robust modeling that corrects the fatal flaws in its current modeling for 
forests and shrublands, and evaluate alternatives that will actually maintain and increase 
carbon storage, while protecting California’s climate, communities, and biodiversity, as 
science and justice require.” 


Response: “Logging” is a broad term that can include forest management strategies such as 
thinning, therefore it is unclear what the commenter is referring to when using the term 
“logging”. “Habitat clearance” is not a forest management strategy included in 2022 
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Scoping Plan. The commenter does not provide any citations supporting their claims of the 
adverse impacts from thinning. The included management strategies are described in 
Chapter 2 of the 2022 Scoping Plan. The First Draft EA discusses the potential impacts of the 
forest and shrubland management strategies included in the 2022 Scoping Plan. The 
management strategies for forests and shrublands are aimed at increasing forest health and 
ecological resilience, not cutting or clearing habitat. The literature synthesis performed by 
CARB staff in Appendix I concludes that certain forest management actions, such as thinning, 
can reduce loss of live tree carbon after subsequent fire compared to untreated sites. This is 
also in line with expert feedback CARB received during the NWL analysis. Through the 
literature synthesis, CARB has relied on the best available science and conducted robust 
modeling that incorporated the latest science (see Appendix I for details). Indeed, the results 
of the NWL analysis agree with published literature as discussed in Chapter 2 of the 2022 
Scoping Plan. The impacts discussed in the First Draft EA are also based on the best available 
science and include reasonably foreseeable impacts of the forest and shrubland management 
strategies included in the 2022 Scoping Plan. The commenter asserts there are “fatal flaws” 
in CARBs modeling, but no details are provided. No changes to the First Draft EA are 
required in response to this comment.  


566-22: The commenter states, “Carbon offsets have repeatedly failed to reduce emissions, 
and have been criticized for failing to demonstrate additionality, provide permanence, and 
control for leakage and gaming.172 Offsets can result in violations of the rights of Indigenous 
Peoples.173 


172 See e.g., Badgley 2022.  
173 Carbon Market Watch, The Clean Development Mechanism: Local Impacts of a Global 


System (October 2018).” 


Response: The 2022 Scoping Plan does not amend the Cap-and-Trade Regulation, which is 
an existing regulatory program that is part of the baseline. See response to comment R19-19. 


CARB also disagrees with the comment. All offsets utilized as part of the Cap-and-Trade 
Program are real, additional, permanent, verifiable, quantifiable, and enforceable, as 
required by AB 32 and defined by the Cap-and-Trade Regulation and the approved 
Protocols. CARB has developed rigorous offset quantification methods that incorporate the 
AB 32 criteria and ensure any offset issued and used in the Program meets these criteria. All 
information supporting development of the Cap-and-Trade Regulation and adopted 
compliance offset protocols is located in the Cap-and-Trade regulatory documents, which 
can be found here: https://ww2.arb.ca.gov/our-work/programs/cap-and-trade-program/cap-
and-trade-regulation. Importantly, CARB’s method of implementing the statute with respect 
to offsets was upheld by the First District Court of Appeals in Our Children's Earth 
Foundation v. ARB (2015) 234 Cal. App. 4th 870. The commenter cites criticisms of the 
offsets program for which CARB has published additional clarification in the form of 
Frequently Asked Questions located here: https://ww2.arb.ca.gov/resources/documents/faq-
cap-and-trade-program. CARB has also published an FAQ document on forest offsets and a 
Questions and Responses document for an April 29, 2021 story on ProPublica.org that is 
based on the study noted by the commenter, located here: 
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https://ww2.arb.ca.gov/sites/default/files/2021-10/nc-forest_offset_faq_20211027.pdf and 
https://ww2.arb.ca.gov/sites/default/files/2021-04/nc-carb-response-to-propublica-forest-
questions.pdf. Recently, CARB held a public workshop on November 30, 2022 on the 
Compliance Offset Program that included content to address the criticisms noted in the 
comment and to clarify how the U.S. Forest Projects Compliance Offset Protocol achieves the 
requirements of AB 32. The presentations for this workshop can be found here: 
https://ww2.arb.ca.gov/resources/documents/us-forest-offset-workshop-presentations-
november-2022. CARB will continue improving the offsets program based on the best 
available data and science to ensure the AB 32 criteria are met. 


With regard to the commenter’s statement about offsets potentially violating the rights of 
Indigenous Peoples, CARB notes that the tribes that have chosen to voluntarily participate in 
the Cap-and-Trade Regulation’s compliance offset program have done so based on their own 
internal deliberations and governance structures, and CARB supports tribal self-
determination and sovereignty. 


The reference cited by the commenter regarding its allegations that “offsets can result in 
violations of the rights of Indigenous Peoples” does not discuss the CARB Compliance Offset 
Program. The reference discusses an international Clean Development Mechanism (CDM), 
which is different from CARB’s Compliance Offset Program. The reference indicates that the 
“CDM has failed to adopt sufficiently stringent safeguards against harms to the environment 
or local people, especially indigenous communities” and cites to four cases located in 
Uganda, Chile, Guatemala, and India. As mentioned above, not only does the 2022 Scoping 
Plan not amend the Cap-and-Trade regulation, but neither the Cap-and-Trade regulation, nor 
the 2022 Scoping Plan are international standards. CARB notes that in 2018, it adopted a 
Tropical Forest Standard73 for other subnational jurisdictions to use in assessing jurisdiction-
scale programs that reduce emissions from tropical deforestation, which incorporates 
“Guiding Principles for Collaboration and Partnership Between Subnational Governments, 
Indigenous Peoples, and Local Communities”74 to help ensure these programs do not result 
in harms to Indigenous Peoples.  


CARB is cognizant of potential impacts to Native American and Indigenous Peoples that 
could occur relating to any regulatory program or action, even if geared toward 
environmental protection and appreciates the comment. CARB has engaged in government-
to-government consultation with tribal partners on the 2022 Scoping Plan to ensure their 
perspectives are represented and all actions taken in response to the 2022 Scoping Plan 
considers potential impacts to tribes.  


No changes to the First Draft EA are required in response to this comment. 


 
73 CARB, California Tropical Forest Standard, https://ww2.arb.ca.gov/our-work/programs/california-tropical-
forest-standard (last visited December 1, 2022).  
74 CARB, California Tropical Forest Standard, Att. 1 (2018), 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/ghgsectors/tropicalforests/ca_tropical_forest_standard_engl
ish.pdf.  
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https://ww2.arb.ca.gov/resources/documents/us-forest-offset-workshop-presentations-november-2022

https://ww2.arb.ca.gov/resources/documents/us-forest-offset-workshop-presentations-november-2022

https://ww2.arb.ca.gov/our-work/programs/california-tropical-forest-standard

https://ww2.arb.ca.gov/our-work/programs/california-tropical-forest-standard

https://ww2.arb.ca.gov/sites/default/files/classic/cc/ghgsectors/tropicalforests/ca_tropical_forest_standard_english.pdf

https://ww2.arb.ca.gov/sites/default/files/classic/cc/ghgsectors/tropicalforests/ca_tropical_forest_standard_english.pdf
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566-23: The commenter states, “Executive Order N-82-20 set the goal to conserve 30% of 
the State’s NWLs and coastal waters by 2030. However, the Scoping Plan fails to include 
policy measures that increase protection of forests, shrublands, wetlands, and other 
ecosystems to achieve this goal. Increasing ecosystem protection is critical for addressing the 
interlinked climate and extinction crises, since these ecosystems act as enormous carbon 
storehouses that pull carbon dioxide out of the air, easing the climate crisis, in addition to 
providing many other benefits such as wildlife habitat, recreation, flood and erosion control, 
and clean air and water.” 


Response: The 2022 Scoping Plan does include avoided conversion of NWLs as a 
management strategy, and the First Draft EA provides discussion of the potential impacts of 
avoided conversion. The modeling of forests, shrublands, and grasslands do not include any 
conversion out of its current land use. However, while conservation is not an explicit action in 
wildlands, it is assumed in the modeling. Therefore, no changes to the First Draft EA are 
required in response to this comment.  


CARB staff note that the 2022 Scoping Plan is policy agnostic in that it identifies actions that 
can be taken to reach statewide climate goals but does not prescribe the policy measures or 
programs that must be put in place to achieve those actions. The process of reviewing and 
updated policies and programs takes place after the 2022 Scoping Plan is adopted. 


566-24: The commenter states, “Instead, the Proposed Scenario calls for a massive ramp-up 
in deforestation, forest degradation and habitat clearance of 2 to 2.5 million acres of forest, 
shrublands, and grasslands every year. The best-available science shows that this alternative 
will reduce forest and shrubland carbon storage and sequestration; increase overall carbon 
emissions; and fail to reduce wildfire intensity, keep communities safe, or protect public 
health—thereby undermining California’s climate, biodiversity and public safety goals.” 


Response: The 2022 Scoping Plan does not include deforestation, forest degradation, or 
habitat clearance as management strategies, nor does it include an increase in these actions. 
Chapter 2 describes the management strategies included in the 2022 Scoping Plan, which 
are aimed at wildfire mitigation, increasing ecosystem health, and ecological resilience. These 
management strategies are supported by the literature synthesis found in Appendix I, as well 
as subject matter experts consulted for the NWL analysis, and are effective at reducing 
carbon stock loss, reducing emissions for NWLs, and decreasing wildfire risk. No 
references/citations are provided in support of the claims made by the commenter. The First 
Draft EA discusses the potential environmental impacts of the forest and shrubland 
management strategies that are included in the 2022 Scoping Plan. No changes to the First 
Draft EA are required in response to this comment.  


566-25: The commenter states, “CARB’s forest modeling relies on scientifically 
unsubstantiated assumptions that result in overestimates of wildfire carbon and PM 2.5 
emissions under Alternative 1, and result in underestimates of wildfire emissions under the 
Proposed Scenario. This leads to inaccurate conclusions regarding the public health impacts 
of the alternatives, which biases CARB’s findings against Alternative 1. This must be 
corrected.” 
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Response: The commenter does not provide any supporting literature or technical details to 
support their claim that the NWL analysis used unsubstantiated assumptions that lead to 
inaccurate estimates of wildfire emissions. Appendix I provides the technical details of the 
NWL modeling. It provides the literature citations that substantiate modeling assumptions as 
well as the sources of data used in the NWL analysis. The literature synthesis discussed in 
Chapter 2 of the 2022 Scoping Plan and Appendix I support the results of the wildfire 
modeling for all alternatives. The public health impacts and GHG emissions disclosed in the 
First Draft EA Sections 4.3.b and 4.8.a take into account the modeled wildfire emissions. No 
changes to the First Draft EA are required in response to this comment.  


566-26: The commenter states, “As an initial matter, Appendix I is a long, highly complex 
and often unclear 256-page document that serves as the technical support document for the 
NWL sector. CARB has not provided adequate time for the public to review this document. 
For the Forests, Shrublands, and Grasslands section, there are entire modeling analyses and 
results that were not included in the draft documents, for example, the modeling of 
“Biomass Residues and Potential Carbon Benefits” on pages 102-120 that is virtually 
incomprehensible. The modeling assumptions, limitations, inputs and outputs are often not 
provided, transparent, or understandable, constraining public review. Based on our 
experience with the notable limitations of the CALAND model, we have repeatedly urged 
CARB to provide the public with the documentation for the RHESys model, and the models 
used for other NWL types, early on in the Scoping Plan process, which CARB did not do.” 


Response: CARB staff have provided all information that was used in the NWL analysis in 
Appendix I, including the modeling assumptions, limitations, inputs, and outputs. The 
commenter has not identified specific items that were not provided or that need to be 
clarified in Appendix I. Documentation for all modeling are either provided or cited in the 
NWL Appendix I. This comment does not raise any specific environmental issues related to 
the First Draft EA, nor does it address the accuracy, adequacy, or completeness of the First 
Draft EA. No changes to the First Draft EA are required in response to this comment.  


566-27: The commenter states, “CARB’s forest modeling makes the unsubstantiated 
assumption that the heavier thinning and logging under Alternatives 2, 3, and 4 will decrease 
fire severity and therefore decrease wildfire emissions. Numerous studies, including a recent 
review of the science by forest carbon experts Beverly Law, William Moomaw, Tara Hudiburg, 
William Schlesinger, John Sterman, and George Woodwell concludes that thinning is not 
effective for reducing fire severity: 


As to the effectiveness and likelihood that thinning might have an impact on fire 
behavior, the area thinned at broad scales to reduce fuels has been found to have 
little relationship to area burned, which is mostly driven by wind, drought, and 
warming. A multi-year study of forest treatments such as thinning and prescribed fire 
across the western U.S. showed that about 1% of U.S. Forest Service treatments 
experience wildfire each year. The potential effectiveness of treatments lasts only 10–
20 years, diminishing annually. Thus, the preemptive actions to reduce fire risk or 
severity across regions have been largely ineffective.180 
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Contrary to the assumptions in CARB’s modeling, the researchers concluded that “[b]road-
scale thinning to reduce fire severity results in more carbon emissions than would be released 
by fire, creating a multi-decade carbon deficit that conflicts with climate goals” and that “the 
amount of carbon removed by thinning is much larger than the amount that might be saved 
from being burned in a fire, and far more area is harvested than would actually burn.”181 


180 Law, B.E. et al., Creating strategic reserves to protect forest carbon and reduce 
biodiversity losses in the United States, 11 Land 721 (2022), 
https://doi.org/10.3390/land11050721, at 7.  


181 Id. at 6; See also Bartowitz, K. et al., Forest carbon emission sources are not equal: 
putting fire, harvest, and fossil fuel emissions in context, 5 Frontiers in Forests and Global 
Change 867112 (2022).” 


Response: CARB did not make unsubstantiated assumptions as the commenter asserts; 
CARB relied on the projections from a biogeochemical model driven by global climate 
models, that was calibrated using flux towers, remotely sensed, and field data, as detailed in 
Appendix I. No assumptions of the impact of forest management strategies were embedded 
within the model that might bias the projections. The efficacy of the forest and shrubland 
management strategies in the 2022 Scoping Plan (except for clearcutting) at reducing wildfire 
risk is supported and substantiated by the modeling conducted using RHESSys, the literature 
synthesis found in Appendix I, as well as subject matter experts consulted for the NWL 
analysis. The predicted impact of these management strategies on wildfire risk is in line with 
the best available science, as are the potential environmental impacts discussed in the First 
Draft EA for the forest and shrubland management strategies. The cited literature does not 
substantiate the commenter’s assertions that strategic statewide fuels reduction strategies 
are ineffective at reducing wildfire risk, severity, or emissions. As a result, no changes to the 
First Draft EA are required in response to this comment.  


CARB staff would like to clarify that the management strategies under Alternatives 2, 3, and 
4 (included in the 2022 Scoping Plan) are the same; there are no changes to the intensity of 
these management strategies under each alternative as asserted by the commenter, there 
are only changes to the amount of acres of each management strategy. In regards to the 
citations provided by the commenter, the analyses conducted in Law et al. 2022 and 
Bartowitz et al. 2022 are more narrowly focused than the comprehensive CARB NWL analysis 
and include numerous questionable assumptions in their methodologies. The articles drew 
conclusions based on observed trends and past levels of forest management and wildfire but 
do not make any projections of forest carbon dynamics that accounts for climate change, 
dynamic wildfire, mortality, decay, and differing levels of management, as was done in the 
CARB NWL analysis.  


566-28 The commenter states, “As detailed in prior comments, the RHESys model being 
used for forest and shrublands substantially over-estimates wildfire emissions by using 
unrealistic biomass combustion factors and under-representing the biomass stored in 
standing dead trees after fire.182 Specifically, the LANDFIRE model used by RHESys classifies 
post-forest-fire vegetation categories as having less carbon than they actually do. First, the 
model does not account for the large stores of post-fire carbon persisting in killed trees and 



https://doi.org/10.3390/land11050721
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other unburned fuels.183 In practice, the model effectively assumes that when trees are killed, 
they are vaporized immediately and all the carbon goes into atmosphere, which is 
demonstrably incorrect. Second, the model makes broad assumptions about changes in 
vegetation categories based on LANDFIRE satellite imagery (which the Inventory 
acknowledges leads to substantial vegetation category classification inaccuracy184) and the 
mean carbon density in each vegetation category. Significant wildfire emissions 
overestimates can occur when a mature forest that has high-intensity fire is reclassified as 
shrubland but still has large amounts of carbon stores in the snags and downed logs that are 
not counted.  


CARB can correct for these flawed estimates by using empirical field data of forest carbon 
consumption based on actual wildfires.185 Empirical research by Harmon et al. (2022) in 
California’s Rim Fire and Creek Fire areas found that less than 2% of living tree biomass 
combusted.186 Even in severe fire patches, the larger-size trees showed low combustion rates 
of less than 5% with most combustion coming from needles and small branches less than 2 
centimeters in diameter. This study provides combustion rates for aboveground woody parts 
at multiple levels of organization (twigs, branches, trees, stands, and landscapes) and 
accounts for tree species, size, and fire severity in Ponderosa pine and mixed conifer-
dominated forests of the Sierra Nevada. The review of forest carbon science by Law et al. 
(2022) similarly concluded that “[w]hile moderate to high severity fire can kill trees, most of 
the carbon remains in the forest as dead wood that will take decades to centuries to 
decompose.”187 


182 Stenzel, Jeffrey E. et al., Fixing a snag in carbon emissions estimates from wildfires, 25 
Global Change Biology 3985 (2019), 
https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.14716.  


183  CARB, Technical Support Document for the Natural & Working Lands Inventory (Dec. 
2018 Draft), https://ww3.arb.ca.gov/cc/inventory/pubs/nwl_inventory_technical.pdf, at 19 
(“The fire-attributed stock changes account only for carbon contained in live and dead 
pools associated with the post-fire (e.g. 2012) vegetation type, and have no memory of 
the previous vegetation type, i.e. they do not account for potential post-fire carbon 
persisting in unburned fuels or in killed trees.”)  


184 CARB, An Inventory of Ecosystem Carbon in California’s Natural and Working Lands (2018 
Edition), https://ww3.arb.ca.gov/cc/inventory/pubs/nwl_inventory.pdf, at 47-48. 


185 Campbell, J., et al., Pyrogenic carbon emission from a large wildfire in Oregon, United 
States, 112 Journal of Geophysical Research Biogeosciences G04014 (2007).  


186 Harmon, M.E. et al., Combustion of Aboveground Wood from Live Trees in Mega-fires, 
CA, USA, 13 Forests 391 (2022), https://doi.org/10.3390/f13030391.  


187 Law, B.E. (2022) et al. at 7. “ 


Response: This comment is conflating how the CARB NWL inventory has previously 
addressed carbon stock change after wildfire, with the completely different future wildfire 
modeling done for the 2022 Scoping Plan. The commenter provides no detail as to how they 
believe the RHESSys modeling is utilizing LANDFIRE data, and how this perceived utilization 
then results in “vaporized” trees. In addition, the article Stenzel et al. 2019 referenced by the 



https://ww3.arb.ca.gov/cc/inventory/pubs/nwl_inventory_technical.pdf

https://ww3.arb.ca.gov/cc/inventory/pubs/nwl_inventory.pdf
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commenter75 is not directly relevant to the methods used in the NWL analysis. The GHG 
emissions disclosed in the First Draft EA Section 4.8.a and in Table 4-13 take into account the 
modeled wildfire emissions. The details of the NWL analysis, including wildfire consumption 
and emissions, are found in Appendix I. The biogeochemical model used in the analysis of 
forests, shrublands, and grasslands produced estimates of biomass, and therefore carbon, 
consumed from wildfires in each year of the simulation. The model was calibrated using flux 
towers, remote sensing products, relevant literature. These estimates of consumption are in 
line with historical data from CARBs wildfire emissions Inventory as well as existing literature 
that predicts climate change will increase wildfire activity. It is not true that this model 
assumes all carbon is burned in a fire. In fact, for many fires, only a small amount of biomass 
is burned. The estimates are based on biogeochmical, hydrologic, fire behavior, and fuel 
modeling. The articles referenced by the commenter (Campbell et al. 2007,76 Harmon et al. 
2022,77 and Law et al. 202278) do not contradict any of the results of the NWL analysis. No 
changes to the First Draft EA are required in response to this comment.  


566-29: The commenter states, “CARB’s PM 2.5 estimates are based on the annual biomass 
consumption estimates from RHESSys modeling.188 However, the estimates of forest 
biomass consumed by wildfires is over-estimated for Alternative 1 as detailed above, making 
the associated PM 2.5 estimates for Alternative 1 inflated as well. As a result, CARB reports 
that Alternative 1 has the largest health costs based on its PM 2.5 emissions,189 but this is a 
faulty conclusion based on faulty modeling assumptions. 


188 Appendix I at 95.  
189 Id. at Figures 30, 31.” 


Response: As the comments relate to the purported overestimate of wildfire emissions as the 
primary drivers of the health cost estimates, refer to response to comment 566-28. 


566-30: The commenter states, “CARB’s modeling over-estimates the carbon storage in 
harvested wood products over time for the Proposed Scenario. CARB acknowledges that its 
model “assumes that HWP carbon that enters the system stays in the system at least until 
2045” and that “[f]uture developments of this assessment should incorporate some decay 
factor that captures the gradual loss from this pool.”192 CARB must use estimates of the loss 
of carbon storage in wood products over time from published research that corrects false 
assumptions and provides robust estimates such as Harmon (2019).193 This is important 
because the forest modeling results report total biomass stock which includes both forest 
biomass (above and below-ground) and biomass in harvested wood products. Correcting for 


 
75 Stenzel, Jeffrey E. et al., Fixing a snag in carbon emissions estimates from wildfires, 25 Global Change 
Biology 3985 (2019), https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb.14716. 
76 Campbell, J., et al., Pyrogenic carbon emission from a large wildfire in Oregon, United States, 112 Journal of 
Geophysical Research Biogeosciences G04014 (2007). 
77 Harmon, M.E. et al., Combustion of Aboveground Wood from Live Trees in Mega-fires, CA, USA, 13 Forests 
391 (2022), https://doi.org/10.3390/f13030391. 
78 Law, B.E. et al., Creating strategic reserves to protect forest carbon and reduce biodiversity losses in the 
United States, 11 Land 721 (2022), https://doi.org/10.3390/land11050721. 







2022 Scoping Plan 
Response to Comments   Responses to Comments 


114 


the over-estimations of carbon storage in harvested wood products would provide a more 
accurate, lower estimate of carbon storage over time for the Proposed Alternative and 
Alternatives 2, 3, and 4.  


192 Appendix I at 88.  
193 Harmon, Mark E., Have product substitution carbon benefits been overestimated? A 


sensitivity analysis of key assumptions, 14 Environmental Research Letters 065008 (2019), 
https://iopscience.iop.org/article/10.1088/1748-9326/ab1e95/pdf. “ 


Response: CARB acknowledges that a decay factor is needed and will work on improving the 
harvested wood products component of the modeling. The reference provided by the 
commenter provides a potential decay factor for CARBs consideration during future 
development of the carbon assessment. Though CARB will in the future work to include a 
decay factor, the inclusion of a decay factor into HWP storage calculations are unlikely to 
result in a large shift in the overall carbon stock estimates for each alternative due to the 
overwhelming contribution of forest biomass compared to HWP biomass 


This comment does not raise specific environmental issues related to the First Draft EA, nor 
does it otherwise address the accuracy, adequacy, or completeness of the First Draft EA for 
this sector. Therefore no changes to the First Draft EA are required in response to this 
comment.  


566-31: The commenter states, “CARB’s modeling also assumes that forests have been 
acting as a carbon source from 2000-2014, contrary to published research, and thus CARB 
relies on an inaccurate baseline. Contrary to CARB’s modeling assumptions, Hudiburg et al. 
(2019) developed a transparent and transferable accounting method of all forest-derived 
carbon for California, Oregon and Washington, and concluded that California forests are 
acting as net carbon sinks because net forest carbon uptake resulting from biological 
processes exceed losses due to logging/thinning, wood product use, and wildfire 
combustion.194 The California Forest Carbon Plan also concludes that California’s forests have 
been acting as a net sink and sequestering carbon based on FIA Program data from 2006-
2015.195 When asked at the workshop about this discrepancy, staff replied that forest lands 
are acting as a carbon source because they are being converted to shrub or grassland 
following high-severity fire and these ecotypes hold less carbon. However, empirical studies 
in California that have investigated this issue have found that high-severity fire is not resulting 
in type conversion to non-forest nor conversion from pine forest to white-fir, Doug fir, and 
incense cedar forest. Instead, studies have documented substantial natural conifer 
regeneration following high-severity fire in mixed-conifer and yellow pine forests.196 In 
addition, CARB’s conclusion that forest lands are acting as a carbon source appears to be 
based largely on the Inventory of Ecosystem Carbon in California’s Natural and Working 
Lands.197 As described above, the Inventory’s use of LANDFIRE results in faulty classifications 
of vegetation type post-fire and underestimates of carbon in post-fire ecosystems. 


194 Hudiburg, Tara W. et al., Meeting GHG reduction targets requires accounting for all 
forest sector emissions, 14 Environmental Research Letters 095005 (2019), 
https://iopscience.iop.org/article/10.1088/1748-9326/ab28bb.  



https://iopscience.iop.org/article/10.1088/1748-9326/ab1e95/pdf

https://iopscience.iop.org/article/10.1088/1748-9326/ab28bb
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195 CARB, California Forest Carbon Plan (2018), available at 
https://ww2.arb.ca.gov/resources/documents/forest-carbon-plan at 103-104.  


196 Baker, William L., Transitioning western U.S. dry forests to limited committed warming 
with bet-hedging and natural disturbances, 9 Ecosphere e02288 (2018), 
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecs2.2288; Hanson, Chad T., 
Landscape heterogeneity following high-severity fire in California’s forests, 42 Wildlife 
Society Bulletin 264 (2018), https://wildlife.onlinelibrary.wiley.com/doi/10.1002/wsb.871; 
Hanson, Chad T. & Tonja Y. Chi, Impacts of postfire management are unjustified in 
spotted owl habitat, Frontiers in Ecology and Evolution (2021), 
https://doi.org/10.3389/fevo.2021.596282.  


197 CARB 2018, An Inventory of Ecosystem Carbon in California’s Natural and Working 
Lands.” 


Response: In response to the commenter’s claim, CARB staff would like to state that the 
NWL analysis did not assume that forests were a carbon source or sink. The 2022 Scoping 
Plan NWL analysis estimate indicates that ecosystem carbon stock was lost from 2001-2014 is 
consistent with CARB’s NWL carbon inventory and the basis of which is also peer reviewed 
and can be found of CARB’s NWL carbon inventory webpage. As stated in the comment, the 
response provided by CARB for this difference from the references cited by the commenter 
(Hudiberg et al 2019, California Forest Carbon Plan) is that forest land conversion to non-
forest conditions is not accounted for in those references. The commenter cites additional 
references to refute this response by CARB; however, the comprehensive literature synthesis 
conducted by CARB found numerous published articles supporting CARBs assertion that 
disturbances such as high severity fires can result in type conversions to non-forest. These 
studies also predict a change in forest type under future climate change. These outcomes 
have also been supported by experts consulted during the NWL analysis. See Appendix I for 
details.  


This comment does not raise specific environmental issues related to the First Draft EA, nor 
does it otherwise address the accuracy, adequacy, or completeness of the EA for this sector. 
Therefore no changes to the First Draft EA are required in response to this comment.  


566-32: The commenter states, “The Scoping Plan must address pesticides’ contribution to 
greenhouse gas emissions, pesticides’ deleterious impact on soil’s ability to sequester 
carbon, and analyze organic farming and pesticide reduction as a critical, nature-based 
climate solution.” 


Response: The First Draft EA provides discussion of known potential impacts of pesticide 
use. The commenter does not provide references to support their claims. In addition, CARB 
staff confirmed with subject matter experts that further research is needed to understand 
pesticide’s contribution to GHG emissions and its impact on soil carbon sequestration, which 
is currently unknown and therefore not discussed in the First Draft EA. Chapter 4 of the 2022 
Scoping Plan discusses the significance of pesticide use reduction for ecological and human 
health. The 2022 Scoping Plan recognizes the benefits of reduced pesticide use and includes 
transitioning to organic farming (including reduced pesticide use) as a management strategy. 
Additionally, the Department of Pesticide Regulation, CalEPA, and CDFA have convened a 



https://ww2.arb.ca.gov/resources/documents/forest-carbon-plan

https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecs2.2288

https://wildlife.onlinelibrary.wiley.com/doi/10.1002/wsb.871

https://doi.org/10.3389/fevo.2021.596282

https://ww2.arb.ca.gov/nwl-inventory
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Sustainable Pest Management Workgroup that will release draft recommendations and goals 
in 2022 to address sustainable pest management across the state. No changes to the First 
Draft EA are required in response to this comment.  


566-33: The commenter states, “Reducing pesticides not only mitigates climate change, but 
also addresses serious environmental justice concerns affecting predominantly Latinx rural 
and farm-working communities throughout California.198 Health impacts from pesticide 
exposure includes nausea, headaches, shortness of breath, and seizures, as well as the 
longer-term risks including chronic illness, cancer, and neurological disorder.199 The mission 
of CARB is to promote and protect public health, welfare, and ecological resources through 
the effective and efficient reduction of air pollutants, and the regulation of pesticides is 
crucial to fulfill this mission.200 


198 Damalas, Christos & Spyridon Koutroubas, Farmers’ Exposure to Pesticides: Toxicity 
Types and Ways of Prevention, 4 Toxics 1, 1 (2016) doi:10.3390/toxics4010001; 
Greenfield, Nicole, Latina Farmworkers Speak Out about the Hazards of Life in California’s 
Fields, National Resource Defense Counsel (Oct. 4, 2021) 
https://www.nrdc.org/stories/latina-farmworkers-speak-out-about-hazards-life-californias-
fields.  


199 Greenfield 2021.  
200 CARB, Enforcement Policy (Apr. 2020), 


https://ww2.arb.ca.gov/resources/documents/enforcement-
policy#:~:text=CARB%20adopts%20regulations%20designed%20to,the%20requirements
%20of%20each%20regulation.” 


Response: Please refer to response to comment 566-34. 


566-34: The commenter states, “Pesticide use in California plays a significant, yet 
overlooked, factor for greenhouse gas emissions. CARB must address emissions associated 
with pesticides. Specifically, CARB should address the contribution of commonly used 
fumigants’ to greenhouse gas nitrous oxide (N2O) emissions. Soil fumigants can cause 
increased emissions of N2O and represent roughly one-fifth of the pesticides used in 
California.201 For example, application of the commonly used fumigant chloropicrin can 
significantly increase N2O production.202 Similar classes of fumigants can yield similar 
increases in emissions.203 Additionally, methyl isothiocyanate producing fumigants—metam 
sodium and dazomet—also increase nitrous oxide production significantly.204 Tens of million 
pounds of these three fumigants are used every year in California fields.205 


CARB must also address pesticides’ contribution of volatile organic compounds (VOCs), an 
ozone precursor.206 Tropospheric ozone (O3) is one of the most important greenhouse gases 
contributing to climate change.207 VOC emissions related to pesticides include the fumigants 
methyl bromide, 1,3-dichloropropene, chloropicrin, metam sodium, metam potassium and 
dazomet.208 In California’s San Joaquin Valley, an ozone and VOC non-attainment area, 65% 
of VOC emissions are from high VOC formulations of non-fumigant pesticides including 
abamectin, chlorpyrifos, gibberellins and oxyfluorfen.209 The contribution of these pesticides 
must also be measured.  



https://www.nrdc.org/stories/latina-farmworkers-speak-out-about-hazards-life-californias-fields

https://www.nrdc.org/stories/latina-farmworkers-speak-out-about-hazards-life-californias-fields

https://ww2.arb.ca.gov/resources/documents/enforcement-policy%23:%7E:text=CARB%20adopts%20regulations%20designed%20to,the%20requirements%20of%20each%20regulation

https://ww2.arb.ca.gov/resources/documents/enforcement-policy%23:%7E:text=CARB%20adopts%20regulations%20designed%20to,the%20requirements%20of%20each%20regulation

https://ww2.arb.ca.gov/resources/documents/enforcement-policy%23:%7E:text=CARB%20adopts%20regulations%20designed%20to,the%20requirements%20of%20each%20regulation
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CARB must also take steps to curb sulfuryl fluoride. Sulfuryl fluoride is a toxic air contaminant 
and an extremely potent short-lived climate pollutant.210 It is a commonly used fumigant in 
California,211 but CARB has not taken adequate steps to reduce its use despite recognizing it 
as a greenhouse gas of concern. To contextualize sulfuryl fluoride’s climate impact, its use in 
California each year is equal to the carbon dioxide emitted from about one million vehicles.212 


201 Spokas K., Wang D., Stimulation of nitrous oxide production resulted from soil fumigation 
with chloropicrin, 37 Atmospheric Environment 3501 (2003), 
https://doi.org/10.1016/S1352-2310(03)00412-6.  


202 Id. 
203 Id.  
204 Spokas K., Wang D., Venterea. R., Greenhouse gas production and emission from a forest 


nursery soil following fumigation with chloropicrin and methyl isothiocyanate, 37 Soil 
Biology & Biochemistry 475 (2005), https://doi.org/10.1016/j.soilbio.2004.08.010.  


205 Pesticide Use Annual Summary Reports, available at Cal. Department of Pesticide 
Regulation, Pesticide Use Reporting (PUR), 
https://www.cdpr.ca.gov/docs/pur/purmain.htm (last visited June 23, 2022).  


206 Cal. Department of Pesticide Regulation, Volatile Organic Compound (VOC) Emissions 
from Pesticides, https://www.cdpr.ca.gov/docs/emon/vocs/vocproj/vocmenu.htm (last 
visited June 23, 2022).  


207 IPCC, Chapter 4: Atmospheric Chemistry and Greenhouse Gases, in TAR Climate Change 
2001: The Scientific Basis (2001), https://www.ipcc.ch/site/assets/uploads/2018/03/TAR-
04.pdf.  


208 Cal. Department of Pesticide Regulation, Reducing VOC Emissions from Field Fumigants, 
https://www.cdpr.ca.gov/docs/emon/vocs/vocproj/reg_fumigant.htm (last visited June 10, 
2022).  


209 UC Agriculture and Natural Resources, Volatile Organic Compound (VOC) Emissions from 
Pesticides (Sept. 9, 2013), 
https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=11273.  


210 Gallagher, G. et al., High-global warming potential F-gas emissions in California: 
Comparison of ambient-based versus inventory-based emission estimates, and 
implications of refined estimates, 48 ENVIRONMENTAL SCIENCE & TECHNOLOGY 
1084-1093 (2014).  


211 Pesticide Use Annual Summary Reports, available at Cal. Department of Pesticide 
Regulation, Pesticide Use Reporting (PUR), 
https://www.cdpr.ca.gov/docs/pur/purmain.htm (last visited June 23, 2022).  


212 University of California Irvine, Termite Insecticide Found to be Potent Greenhouse Gas, 
SCIENCEDAILY (Jan. 30, 2009), 
www.sciencedaily.com/releases/2009/01/090121144059.htm.” 


Response: Methods for the application of pesticides (field application or fumigation) are not 
established by the IPCC nor are they included as part of the AB 32 or AB 1383 statutes as 
GHGs to track as part of the inventory. However, in some cases, there are pesticides that act 
as GHGs, such as methyl bromide and sulfuryl fluoride. CARB has provided estimates of 
sulfuryl fluoride emissions as an informational item included in the Short-Lived Climate 



https://doi.org/10.1016/S1352-2310(03)00412-6

https://doi.org/10.1016/j.soilbio.2004.08.010

https://www.cdpr.ca.gov/docs/pur/purmain.htm

https://www.cdpr.ca.gov/docs/emon/vocs/vocproj/vocmenu.htm

https://www.ipcc.ch/site/assets/uploads/2018/03/TAR-04.pdf

https://www.ipcc.ch/site/assets/uploads/2018/03/TAR-04.pdf

https://www.cdpr.ca.gov/docs/emon/vocs/vocproj/reg_fumigant.htm

https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=11273

https://www.cdpr.ca.gov/docs/pur/purmain.htm
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Pollutant program and will continue to review the scientific literature on pesticides 
contributions to VOC and GHG emissions.79 


With respect to criteria pollutants and their precursors (e.g., VOCs), the California Emissions 
Projection Analysis Model (CEPAM) supports State Implementation Plan (SIP) development, 
air quality modeling efforts, and the tracking of the progress of SIPs. CEPAM starts with a 
base year, which is pulled from the California Emissions Inventory Data Analysis and 
Reporting System (CEIDARS80) – a database system that tracks statewide criteria pollutant 
and air toxic emissions. The database includes estimates of VOCs from application of 
pesticides (see areawide sources81). The 2022 State Strategy for the State Implementation 
Plan includes a proposed pesticide measure being developed by the California Department 
of Pesticide Regulation (DPR) to address both cancer and acute risk from the use of the 
fumigant 1,3-Dichloropropene, which is considered a VOC. The regulation will be developed 
in consultation with the County Agricultural Commissioners, the local air districts, CARB, the 
California Office of Environmental Health Hazard Assessment (OEHHA), and the California 
Department of Food and Agriculture (CDFA).82 


While pesticides are currently not included in the AB 32 GHG inventory, the impact of 
pesticide use on public health is acknowledged, and the 2022 Scoping Plan includes an 
organic farming target which avoids the use of pesticides and synthetic fertilizers. 
Additionally, the DPR, CalEPA, and CDFA have convened a Sustainable Pest Management 
Workgroup that will release draft recommendations and goals to address sustainable pest 
management across the state. CARB will continue exploring this important topic with other 
relevant state agencies to protect the health of Californians. 


No changes to the First Draft EA are required in response to this comment. 


566-35: The commenter states, “Public agencies may not approve or carry out any project 
that may have a significant effect on the environment without first complying with the 
California Environmental Quality Act (CEQA).218 A “project” is any discretionary action that 
may cause a direct or a reasonably foreseeable indirect physical change in the 
environment.219 As CARB correctly recognizes, the Proposed Scoping Plan is a “project” as 
defined by CEQA.220 And as a functionally equivalent document, the EA must comply with 
the goals and requirements of CEQA that the document provide meaningful information on 
impacts, alternatives, and mitigation measures, and not approve a project as proposed if 
there are feasible alternatives or mitigation measures.221 


 
79 https://ww2.arb.ca.gov/ghg-slcp-inventory  
80 Emission Inventory; CEIDARS Database Structure (ca.gov) 
81 Areawide Source Emissions | California Air Resources Board. Application of agricultural and structural 
pesticides is separated into four emission inventory categories: methyl bromide emissions from agricultural 
pesticides, non-methyl bromide emissions from agricultural pesticides, methyl bromide emissions from 
structural pesticides, and non-methyl bromide emissions from structural pesticides.  
82 CARB. 2022. 2022 State Strategy for the State Implementation Plan. Adopted September 22, 2022. 
https://ww2.arb.ca.gov/sites/default/files/2022-08/2022_State_SIP_Strategy.pdf 



https://ww2.arb.ca.gov/ghg-slcp-inventory

https://ww3.arb.ca.gov/ei/drei/maintain/dbstruct.htm

https://ww2.arb.ca.gov/applications/areawide-source-emissions
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Here, the draft EA fails to comply with CEQA, among other reasons, because it uses 
unreasonable assumptions to analyze and mitigate impacts, and it provides a confusing and 
incomplete analysis of alternatives. 


218 Pub. Res. Code §§ 21001, 21002.1, 21081. 
219 See Pub. Res. Code § 21065.  
220 Appendix B: Draft Environmental Analysis at 6.  
221 Pub. Res. Code § 21080.5(d); 17 Cal. Code Regs. §§ 60005(b); 60006. 


Response: The comment summarizes the requirements of CEQA and provides an opinion 
that the First Draft EA fails to comply with CEQA due to unreasonable assumptions and 
incomplete alternatives analysis. The Alternatives Analysis in Section 7.0 of the First Draft EA 
provides a discussion of whether and how each alternative meets the project’s objectives, 
and an analysis of each alternative’s potentially significant environmental impacts. The 
purpose of the alternatives analysis is to determine whether different approaches to or 
variations of the project would reduce or eliminate significant project impacts, within the 
basic framework of the objectives, a principle that is consistent with CARB’s certified 
regulatory program requirements. The range of alternatives is governed by the “rule of 
reason,” which requires evaluation of only those alternatives “necessary to permit a reasoned 
choice” (Title 14 CCR Section 15126.6(f)). 


The First Draft EA evaluates a reasonable range of alternatives to the 2022 Scoping Plan that 
could reduce or eliminate the project’s significant effects on the environment while meeting 
most of the basic project objectives (Title 14 CCR Section 15126.6(a)). Pursuant to CARB’s 
certified regulatory program, the First Draft EA also contains an analysis of each alternative’s 
feasibility and the likelihood that it would substantially reduce any significant adverse 
environmental impacts identified in the impact analysis. 


Guidance for evaluation of alternatives is to include sufficient information about each 
alternative to allow meaningful evaluation, analysis, and comparison with the proposed 
project. A matrix displaying the major characteristics and significant environmental effects of 
each alternative may be used to summarize the comparison. If an alternative would cause one 
or more significant effects in addition to those that would be caused by the project as 
proposed, the significant effects of the alternative shall be discussed, but in less detail than 
the significant effects of the project as proposed (CEQA Guidelines 15126.6[d]). Table 7-1 of 
the First Draft EA provides a relative comparison of Scoping Plan Alternatives, and the 
analysis of alternatives in the First Draft EA provides a sufficient level of detail pursuant to 
CARB’s certified regulatory program. 


566-36: The commenter states, “An EIR must be prepared with a sufficient degree of analysis 
to provide decision-makers with the information needed to make an intelligent judgment 
concerning a project's environmental impacts.222 Among many other defects, the flaws in 
modeling assumptions and analyses described above apply to the draft EA as well as to the 
draft Scoping Plan itself, and they are incorporated here by reference. 


222 CEQA Guidelines § 15151.” 
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Response: Please refer to Master Response 1, regarding the level of specificity required for 
this EA. See also Master Response 5, regarding modeling assumptions. 


Regarding the modeling of forest carbon stocks, the commenter’s evaluation on page 41 (in 
Section V(D)(i)) of the letter selectively focuses on NWL modeling results for the years 2040-
2049 (while ignoring other relevant results) to support their claim. As stated in Chapter 2 of 
the 2022 Scoping Plan, NWL actions operate on a long timeframe and therefore the results 
of the modeling analysis should be evaluated at long time scales, not 10 years as the 
commenter has done. When assessed over the longer period of 2025-2045 as done in the 
2022 Scoping Plan, the Scoping Plan Scenario has the highest average carbon stocks 
compared to the Reference Scenario and Alternative 1, and achieves emissions reductions 
relative to the Reference Scenario (as shown in Table 3-6 of the 2022 Scoping Plan). See also 
responses to comments 566-24 and 566-27. 


566-37: The commenter states, “As but one example, just as the Scoping Plan itself fails to 
incorporate cap-and-trade fully into the project and analysis—and does not even provide an 
accurate description of the amount of GHG reductions that will need to be achieved with the 
cap-and-trade program—so does the draft EA. Even though, as explained above (Section 
III.D.), cap-and-trade will account for a significant number of emissions reductions needed 
through the Scoping Plan, there is simply no discussion or analysis of its potential 
environmental impacts in the draft EA.” 


Response: The 2022 Scoping Plan does not include any changes to the Cap-and-Trade 
Regulation. The First Draft EA addresses the environmental impacts resulting from 
implementing the 2022 Scoping Plan, compared to a baseline consisting of the existing 
conditions. Thus, because the 2022 Scoping Plan does not include changes to the Cap-and-
Trade Regulation, a discussion of its potential environmental impacts is not required. Also 
please refer to response to comment R19-19. No changes to the First Draft are necessary in 
response to this comment.  


566-38 The commenter states, “One of the fundamental purposes of environmental review is 
to inform decisionmakers and the public about the potential, significant impacts of a 
project.223 It is also intended to prevent such impacts “through the use of alternatives or 
mitigation measures when the governmental agency finds the changes to be feasible.”224 
Additionally, the environmental review document must “include sufficient information about 
each alternative to allow meaningful evaluation, analysis, and comparison with the proposed 
project.”225 The alternatives analysis provided in the draft EA violates CEQA as it is utterly 
confusing and devoid of critical information to allow a comparison to the proposed scenario 
in the draft Scoping Plan.  


223 Id. § 15002(a)(1).  
224 Id. § 15002(a)(3), (4).  
225 Id. § 15126.6(d) (emph. added). See also Laurel Heights Improvement Ass’n v. Regents of 


Univ. of Cal. (1988) 47 Cal.3d 376, 406.” 


Response: Please refer to response to comment 566-35. 
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566-39: The commenter states, “Second, although the Scoping Plan itself and the EA both 
evaluate alternatives, the EA’s alternatives do not align with the alternatives delineated in the 
draft Scoping Plan. In fact, CARB spent the previous year modeling the impacts of what 
essentially became the Scoping Plan alternatives. The EA, however, analyzes the impacts of 
an entirely new set of alternatives, which it then compares to the Scoping Plan’s “Proposed 
Scenario” (chosen scenario/alternative). This unnecessary confusion makes it impossible for 
the public and policymakers to understand, compare, and evaluate the impacts of the 
alternatives in either the Scoping Plan or the EA. 


if we did nothing at all beyond the existing policies that are required and already in place to 
achieve the 2030 target or expected with no new actions in the NWL sector.”226 


Meanwhile, the EA considered four different alternatives: a No Project Alternative and 
Alternatives A, B, and C. The EA provides a convoluted explanation of how these alternatives 
differ from those analyzed in the Scoping Plan:  


Draft EA Alternative A is most similar to Alternative 1 for AB 32 GHG Inventory Sectors in the 
2022 Scoping Plan with measures implemented as outlined in that scenario but with a 2045 
carbon neutrality target. Draft EA Alternative B aligns with Alternative 4 for AB 32 GHG 
Inventory Sectors in the 2022 Scoping Plan. The natural and working lands actions in both 
Draft EA Alternatives A and B are the same as the Proposed Scenario in the 2022 Scoping 
Plan. Draft EA Alternative C is aligned with Alternative 2 for natural and working lands in the 
2022 Scoping Plan and the AB 32 GHG Inventory Sectors actions in Draft EA Alternative C 
are the same as the Proposed Scenario in the 2022 Scoping Plan.227 


Once a reader has parsed this out, potentially using a logic grid, it becomes clear that these 
differences are not minor. For instance, the Scoping Plan’s Alternative 1 sets out a carbon 
neutrality target of 2035, whereas the EA’s Alternative A’s target is 2045—a decade of 
difference in terms of emissions and effects on climate change. 


226 Draft Scoping Plan at 39.  
227 Appendix B: Draft Environmental Analysis at 256.” 


Response: Please refer to responses to comments 566-40 and 670-5.  


Please also refer to response to comment 566-35 regarding the requirements for an 
alternatives analysis under CEQA.  


566-40: The commenter states, “Additionally, nowhere does the Draft EA describe many of 
the important assumptions and targets comprising the various alternatives. (For that matter, 
nowhere does the draft Scoping Plan describe all of the assumptions underlying its 
alternatives. For that, a reader must search CARB’s website for the materials from previous 
modeling workshops that took place in 2021.) Again using Alternative A as an example, the 
description simply states that it “requires early retirement of vehicles, appliance, and 
industrial equipment to eliminate combustion, with aggressive deployment and adoption of 
non-combustion technologies…”228 By when will this “early retirement” take place? Assuming 
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it is “most similar” to Alternative 1, a reader could guess that means, for instance, requiring 
100% zero emission vehicle sales by 2030—but the EA does not actually provide that 
information. Additionally, the impacts analysis of the alternative comprises less than one 
page of conclusory statements, and it completely ignores impacts related to natural and 
working lands actions. The analyses of the other alternatives similarly fail to provide the 
necessary information for a meaningful comparison to the Proposed Scenario. 


228 Draft EA at 260.” 


Response: CARB disagrees that the alternatives analysis includes insufficient detail to satisfy 
CEQA’s alternatives analysis requirements. The Scoping Plan is a high-level statewide 
planning action; similarly, the CEQA alternatives were designed to illustrate how differing 
statewide policy decisions compare with the proposed scenario, in terms of environmental 
impacts, feasibility, and ability to meet the project objectives.  


The First Draft EA specifies that the alternatives do not alter the basic nature of the project 
but information is provided to sufficiently allow comparisons with the proposed project.  


CEQA provides that an alternatives analysis must include sufficient information about each 
alternative to allow meaningful evaluation, analysis, and comparison with the proposed 
project. To that end, a matrix displaying the major characteristics and significant 
environmental effects of each alternative may be used to summarize the comparison. CEQA 
also provides that if an alternative would cause one or more significant effects in addition to 
those that would be caused by the project as proposed, the significant effects of the 
alternative shall be discussed, but in less detail than the significant effects of the project as 
proposed (CEQA Guidelines 15126.6[d]). Table 7-1 of the First Draft EA provides a relative 
comparison of Scoping Plan Alternatives, and the analysis of alternatives in the First Draft EA 
provides a sufficient level of detail pursuant to CARB’s certified regulatory program, and 
given the high-level nature of the Scoping Plan. See also Master Response 1, above. 


The record also provides more information regarding the alternatives than stated by the 
commenter. Section 7 of the First Draft EA describes the connections between the CEQA 
alternatives and the 2022 Scoping Plan’s scenarios for the AB 32 GHG Inventory Sectors, as 
well as the scenarios for Natural and Working Lands (NWL). The First Draft EA states that 
Alternative A is most similar to AB 32 GHG Inventory Sectors Alternative 1 in the 2022 
Scoping Plan, with the clarification that measures are implemented as specified in that 
scenario but with the outlook of how those outcomes carry out through 2045 for comparison 
with the project’s 2045 carbon neutrality deadline; additionally, the First Draft EA specifies 
that the NWL actions in Alternative A are unchanged from the NWL Proposed Scenario in the 
2022 Scoping Plan (identified as NWL modeling scenario Alternative 3). Similarly, the First 
Draft EA states that Alternative B aligns with AB 32 GHG Inventory Sectors Alternative 4 in 
the 2022 Scoping Plan and that the NWL actions are unchanged from the Scoping Plan 
Scenario in the 2022 Scoping Plan (identified as NWL modeling scenario Alternative 3). 
Lastly, the First Draft EA states that Alternative C is unchanged from the AB 32 GHG 
Inventory Sectors Proposed Scenario in the 2022 Scoping Plan (identified as Alternative 3) 
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and aligns with NWL Alternative 2. Chapter 2 of the 2022 Scoping Plan contains descriptions 
of each of the alternative scenarios. 


No changes to the First Draft EA are required in response to this comment. 


566-41: The commenter states, “Thus, the convoluted, conclusory, cursory discussion of 
alternatives in the EA flouts the basic goal of CEQA and the role of environmental analysis to 
provide information to the public and decisionmakers to allow for informed decision 
making.” 


Response: Please refer to response to comment 566-35. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 572 


6/24/2022 Ariana Matthews, California Chamber of Commerce 


572-1: The commenter states, “The required build out of energy infrastructure to meet the 
demand also depends upon the State and local governments’ ability to streamline the CEQA 
process and address permitting issues, which cause significant delays for critical projects.” 


Response: The comment provides a general statement that the energy infrastructure 
required to meet electrical demands depends on the ability to streamline the CEQA process. 
The comment does not raise an issue related to the adequacy, accuracy, or completeness of 
the First Draft EA and no further response is required. No changes to the First Draft EA are 
required in response to this comment. 


572-2: The commenter states, “CARB should consider the emissions created by California’s 
import of oil to meet demand versus increased production in state.” 


Response: The 2022 Scoping Plan reflects the transition away from liquid fossil fuels in the 
transportation sector to zero-emission options or alternative fuels. As the demand for liquid 
fossil fuels declines, the emissions associated both with importing oil to meet demand and 
emissions associated with oil production in the state would decrease. To the extent the 
commenter implies that demand for out of state liquid fossil fuels would increase due the 
2022 Scoping Plan, CARB disagrees, and notes that there is no evidentiary support for such 
an increase. 


This comment does not address the adequacy, accuracy, or completeness of the First Draft 
EA and no changes to the EA are required in response to this comment. 
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572-3: The commenter states, “The absence of any mobility consideration for goods, 
services or people other than climate, equity and safety assures more congestion - more air 
emissions, longer duration trips, more fuel use - with unacknowledged adverse economic and 
health costs that cannot be balanced with assumptions regarding more biking and walking.” 


Response: Table 2-1 from the 2022 Scoping Plan indicates that the Scoping Plan Scenario 
assumes per capita VMT reductions of 25% below 1990 levels by 2030 and 30% below 1990 
levels by 2045. While not a direct indicator of congestion, this VMT data can be used to infer 
how VMT projections associated with the 2022 Scoping Plan could influence congestion, and 
it can be inferred the VMT reductions associated with the 2022 Scoping Plan could result in 
overall decreased levels of congestion through reduced VMT via less trips and shorter trip 
lengths. Furthermore, it is worth noting that congestion is no longer the most appropriate 
metric for considering transportation-related impacts under CEQA; rather, pursuant to SB 
743 (2013), the relevant metric is VMT. (See 14 CCR 15064.3.) 


In addition, the comment indicates that mobility-related economic and health effects related 
to the 2022 Scoping Plan have not been adequately addressed, without specifying what 
those effects would be. The economic effects of the 2022 Scoping Plan, as they pertain to 
potential growth-inducing effects, are evaluated on pgs. 273 and 274 of the Recirculated 
Draft EA, which concludes that "effects on the California economy would be very 
minor...[and]...no substantial growth-inducing effects would occur as a result of implementing 
the 2022 Scoping Plan." Economic impacts alone are not impacts needing to be analyzed 
pursuant to CEQA, and thus no further response is necessary. The health effects of the 2022 
Scoping Plan are evaluated on pgs. 78 through 85 of the Recirculated EA, which concludes 
that "implementation of the 2022 Scoping Plan is expected to considerably reduce emissions 
across the state...lead[ing] to substantial net improved health outcomes across the state." 
The commenter does not further explain or substantiate their claims regarding health 
impacts. No changes to the EA are required in response to this comment. 


572-4: The commenter states, “The Plan puts all infrastructure funding, for transportation as 
well as other services, at increased risk of CEQA litigation and higher GHG/VMT mitigation 
costs.” 


Response: The comment provides an opinion that the 2022 Scoping Plan puts funding at 
increased risk of CEQA litigation. The comment does not raise an issue related to the 
adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 


572-5: The commenter states, “Changes to the CEQA process include disfavoring all but 
high-density development and prejudicing against other types of development.” 


Response: The comment provides an opinion that the 2022 Scoping Plan’s changes to the 
CEQA process disfavor all but high-density development and prejudice other types of 
development. While several legislative acts and amendments to CEQA have incentivized 
higher density housing by offering exemption and streamlined processes, CEQA does not 
disfavor or penalize other types of development. Further, the 2022 Scoping Plan does not in 
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any way result in “[c]hanges to the CEQA process”. The commenter dramatically overstates 
the effect of the language at issue in the 2022 Scoping Plan. CEQA is a long-established 
statutory program, with a fundamental process that has existed for decades. The 2022 
Scoping Plan does not change that process. The comment does not raise an issue related to 
the adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment.  


572-6: The commenter states, “The concepts also include withholding state funding for 
infrastructure, development, or leases outside of infill areas that do not demonstrate clear 
alignment with State guidelines on VMT, climate, and equity outcomes. This costly housing 
and public transit prescription will likely accelerate employee migration to other states. This 
leakage will potentially increase emissions in other states that do not have the same 
environmental protections regarding housing and transportation. We are not in this alone 
and need to be sensitive as to how our actions impact increased emissions in other areas.” 


Response: CARB disagrees with the commenter’s claims, noting the language at issue speaks 
to where the state directs various housing-related benefits. Appendix E also lists a number of 
potential actions that agencies across the state may choose to undertake to increase 
investment in under-resourced communities, expand access to high-resource neighborhoods, 
and accelerate production of a diversity of housing types in climate-smart locations. These 
actions, if undertaken, would undergo their own review processes under CEQA and other 
applicable procedural laws, as appropriate.  


CARB further disagrees that these suggested measures, if undertaken, would cause California 
residents to leave the state and increase emissions in other states. Many factors have led to 
the state’s housing affordability issues, including in particular overly-restrictive local zoning 
requirements.83 While certain commenters attempt to frame the suggested sustainability-
related considerations as a serious contributor to the state’s housing issues, the evidence 
does not back up these claims. The commenter’s claims amount to a policy disagreement, 
rather than an environmental concern. The Scoping Plan recognizes the housing challenge 
and the need for more housing in the state, and it advances ways to meet this challenge 
while supporting the state’s other environmental priorities.  


The effects of the 2022 Scoping Plan on potential displacement of housing (used as a 
surrogate for employment) are evaluated on page 199 of the First Draft EA, which ultimately 
concludes that "it is unlikely that implementation of the 2022 Scoping Plan would displace 
existing housing." Appendix E also discusses the state’s housing cost related issues. Its vision 
includes "[t]he ability for every Californian to live, work, and play in climate-smart, 
transportation-efficient communities that provide travel choices and access to opportunity" 
(Appendix E). Finally, as the 2022 Scoping Plan is not a regulatory document and does not 
compel action, local decision makers may choose, but are not mandated, to use the 2022 


 
83 See O'Neill, Moira; Biber, Eric; Gualco-Nelson, Giulia; and Marantz, Nicholas. (September 18, 2021). 
Examining Entitlement in California to Inform Policy and Process: Advancing Social Equity in Housing 
Development Patterns. Available at SSRN: https://ssrn.com/abstract=3956250. 
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Scoping Plan as a guide for taking local action in a manner consistent with the State’s climate 
priorities. No changes to the First Draft EA are required in response to this comment. 


572-7: The commenter states, “While the existing infrastructure will surely be helpful, we 
share similar concerns as set forth above with electric infrastructure challenges, the need for 
expedited permitting and CEQA streamlining to ensure we are able to build out the 
additional hydrogen infrastructure needed.” 


Response: The comment suggests that CEQA streamlining be provided for hydrogen 
infrastructure. The comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the First Draft EA and no further response is required. No changes to the 
First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 574 


6/24/2022 Sean Charpentier ,C/CAG – City/County Assn of Govts SMC 


574-1: The commenter states, “3. The electrification of transportation and buildings requires 
an analysis of the reliability of the California, regional or local power grid. The ability to 
electrify will depend in part on the reliability of the grid and also some form a redundancy or 
storage for the times whe1 the grid is not operational and/or green energy sources are not 
available.” 


Response: The comment does not raise an environmental issue related to grid reliability and 
no further response is required. No changes to the First Draft EA are required in response to 
this comment. Nevertheless, the following response is provided for transparency. 


The proposed 2022 Scoping Plan includes expanded energy generation and associated 
infrastructure components to help ensure grid reliability. Chapter 2, “Project Description,” of 
the First Draft EA includes increased renewable energy actions and expansion of electrical 
infrastructure as reasonably foreseeable compliance responses of the 2022 Scoping Plan. The 
impacts of these compliance responses are analyzed through Chapter 4, “Impact Analysis 
and Mitigation Measures,” of the First Draft EA.  


As part of reliability planning, the California Public Utilities Commission oversees two types of 
programmatic responses to electric emergencies: one deals with unplanned electric 
emergencies, ranging from car-pole accidents to severe storms (Emergency Standards), while 
the other activates pre-planning for imminent shortages which stem from generation or 
transmission problems (Electric Emergency Action Plans EEAPs). CPUC Decision D.16-01-008 
directs the California Investor Owned Utilities (PG&E, SCE, SDG&E, Bear Valley Electric 



https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M157/K724/157724560.PDF
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Service, PacifiCorp, and Liberty Utilities/CalPeco Electric) to annually prepare electric system 
reliability reports detailing the previous year’s electric reliability on the system and division 
levels.  


In the context of the bulk power system, reliability is generally defined as the ability to meet 
the electricity loads of end-use customers at any given time, even when unexpected 
equipment failures or other factors reduce the amount of available generation and/or 
transmission to serve such loads. Electric system reliability is governed by a range of federal 
and state laws, Federal Energy Regulatory Commission (FERC) orders affecting the North 
American Electric Reliability Corporation (NERC), and NERC standards, which may then be 
modified to suit the particular circumstances within regional power grid areas. California’s 
balancing authorities are responsible for ensuring that real-time supply and demand are 
balanced to maintain the safe and reliable operation of the power system. Maintaining 
electric reliability is complex and involves extensive engineering and planning to meet the 
applicable state and federal standards. As described in Chapter 4 of the 2022 Scoping Plan, 
moving to greater amounts of renewable and zero-carbon energy resources requires more 
active management of generation, greater coordination in the energy market, and improved 
resource planning, as many of these energy resources do not operate on demand like 
conventional fossil gas generation. The extreme heat events in California in 2020 and 2021 
have highlighted some of the vulnerabilities in the electric system, and California’s energy 
institutions have been taking action to reduce reliability risks to the grid. As outlined in the 
2021 SB 100 Joint Agency Report, future SB 100 planning updates will be aligned with 
findings and outcomes from relevant state efforts, including CEC’s energy demand forecasts 
(incorporating electrification trends and updates for extreme climate event planning); 
transmission planning and development; reliability planning; electric system resilience 
planning; and assessments from CPUC’s Integrated Resource Planning, CEC’s Integrated 
Energy Policy Report, and CARB’s Scoping Plan. An additional recommendation has been 
included in the strategies for achieving success in Chapter 4 of the 2022 Scoping Plan related 
to completion of systemwide and local reliability assessments before state agencies update 
electricity sector GHG targets.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 581 


6/24/2022 Michael Boccadoro ,Dairy Cares 


581-1: The commenter states, “seventy years ago, California had nearly 20,000 small, mostly 
pasture-based dairy operations. Today, California has approximately 1,200 dairy operators 
and they are declining each year. The idea that we will return to pasture operations in the 
next 7 years is unrealistic and would lead to greater water, land, and resource consumption 
that is not available.” 
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Response: Impacts to water supply associated with pasture-based management systems is 
addressed under Impact 19.B, under subheading “Manure Management System.” As 
discussed under this impact, conversion of dairy operations to pasture-based management 
may require new irrigation facilities. The comment does not provide specific details related to 
how land or resource consumption would be increased. No changes to the First Draft EA are 
required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 582 


6/24/2022 Ignatio Fernandez, Joint Utilities Group 


582-1: The commenter states, “Achieving carbon neutrality within California will require a 
reliable electricity supply. As acknowledged in the Draft SPU, California needs to further 
electrify other sectors of the economy to meet its clean energy goals. The success of this 
necessary electrification depends not only on a sufficient supply of renewable and zero-
emission electricity generating resources but also on a reliable electric grid to deliver 
electricity to the end users. The JUG reiterates its previous comments on the critical need to 
assess electric grid reliability as part of the 2022 Scoping Plan analysis to determine if 
electricity portfolios can reliably produce and deliver clean energy 24 hours per day, 365 
days a year to support electrification. CARB, the CPUC, and the CEC acknowledged that the 
first SB 100 report does not include a reliability assessment11; the Draft SPU, similarly lacks 
this analysis, leaving a significant gap in the overall examination and feasibility assessment. 


11 2021 SB 100 Report March 15, 2021, page 62: “A comprehensive reliability assessment is 
not included in this first report; so the portfolio composition and associated costs may 
change after a more rigorous analysis is completed.” 


Response: Please refer to response to comment 574-1. Please also refer to response to 
comment 620-1 regarding reliability assessment plans within the SB 100 joint agency report 
process. No changes to the First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter 597 


6/24/2022 Collen Clementson, SANDAG 


597-1: The commenter states, “SANDAG concurs with the framework of action built around 
policies that accelerate infill development, affirmatively further fair housing, and increase 
natural and working lands protection consistent with the State’s Planning Priorities. We 
appreciate state funding programs like REAP and AHSC that advance our housing programs, 
but we encourage added flexibility to these programs to allows for faster implementation. To 
further reduce the barriers to building affordable housing, additional state action is needed 
to streamline CEQA review for infill housing projects and ensure that CEQA is not co-opted 
for goals outside of environmental protection.” 


Response: This comment is directed toward support for the 2022 Scoping Plan’s framework 
of action built around policies that accelerate infill development, affirmatively further fair 
housing, and increase natural and working lands protection, while also indicating that 
additional state action is needed to streamline CEQA review for infill housing projects and 
ensure that CEQA is not co-opted for goals outside of environmental protection. The 
comment does not raise an issue related to the adequacy, accuracy, or completeness of the 
First Draft EA, no further response to this comment is required. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 612 


6/24/2022 Sydney Chamberlain, The Nature Conservancy 


612-1: The commenter states, “We appreciate the discussion of CEQA opportunities in the 
Draft Plan and recommend including some discussion on opportunities to use CEQA GHG 
mitigation in ways that can support both SB 375 and nature-based climate solutions. For 
instance, CARB staff could work with the California Natural Resources Agency, air districts, 
and counties to develop guidance whereby a CEQA GHG mitigation hierarchy is developed 
to conserve land and sequester carbon locally in a manner that supports reduced vehicle 
miles traveled and associated transportation emissions. For specific examples, please see our 
Nature-based Climate Solutions Report.” 


Response: This comment indicates support of the 2022 Scoping Plan’s discussion of CEQA 
opportunities and recommends including discussion on opportunities to use CEQA GHG 
mitigation in ways that can support both SB 375 and nature-based climate solutions. The 
comment is directed toward the contents of the 2022 Scoping Plan and does not raise an 
issue related to the adequacy, accuracy, or completeness of the First Draft EA. Nevertheless, 
CARB staff notes that CARB plans to continue to explore additional approaches to and 
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guidance for CEQA mitigation to assist CEQA practitioners with mitigating project GHGs in a 
manner consistent with the 2022 Scoping Plan Local Actions Appendix. No changes to the 
First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 617 


6/24/2022 Jennifer Hernandez 


617-1: The commenter states, “The Scoping Plan and Environmental Assessment must fully 
describe the existing baseline health conditions in the vast majority of California counties, 
towns and cities in neighborhoods where people must drive low cost cars to get to work and 
earn the incomes needed to provide housing, food, medical care, and other essentials to 
their families. CARB must then analyze the impacts of each of its Measures on those 
Californians during the implementation period - starting immediately after adoption - of each 
Scoping Plan Measure. CARB is then obligated to consider environmental justice - including 
race (notwithstanding its attorney's shocking assertion that CARB was fully empowered to 
require racially discriminatory housing policies during the 2017 Scoping Plan litigation)6 - and 
modify its Measures to avoid causing disparate harms to low income and communities of 
color.7 The costs, impacts, and other consequences of its Measures must also be disclosed. 
Measures that are “infeasible” - defined in CEQA to encompass Measures that cannot be 
achieved for legal or economic reasons within the time required to avoid the impact - may 
not be relied on by CARB to avoid disclosing the racially discriminatory and disparate health 
harms caused by these transportation, housing, and energy cost Measures.8 


6. See The Two Hundred v. California Air Resources Board, Order on Demurrer After 
Hearing, (Super. Ct. Fresno County, 2018, No. 18CEC601494), 12 (“[W]hile defendants 
argue that there is no constitutionally protected right to housing free of discrimination 
and thus plaintiffs have not stated a valid due process claim, the court notes that it is 
well—established that there is a constitutional right to be free of discrimination based on 
race.”).  


7  Cal EPA must “[c]onduct its programs, policies, and activities that substantially affect 
human health or the environment in a manner that ensures the fair treatment of people of 
all races, cultures, and income levels, including minority populations and low-income 
populations of the state.” Pub. Res. Code § 71110(a). 


8  The term “feasible” is defined in CEQA Guidelines § 15364 as “capable of being 
accomplished in a successful manner within a reasonable period of time, taking into 
account economic, environmental, legal, social, and technological factors.” See also Pub. 
Res. Code § 21061.1.” 
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Response: The baseline for purposes of the First Draft EA consists of the existing 
environmental conditions and regulations described in Attachment A of the EA. Existing 
health conditions are described in Section 4.3, Air Quality, and Section 4.8, Greenhouse 
Gases. Please refer to Master Response 1 regarding the specificity, level of detail of the 
analysis and mitigation in the EA, and CARB’s authority to implement the responses and 
mitigate for impacts.  


The comment does not specify nor provide evidence to substantiate claims of the alleged 
“harms” that may occur from implementation of the 2022 Scoping Plan. The comment 
appears to raise social, economic, or environmental justice issues that are not required to be 
analyzed pursuant to CEQA. The comment does not raise an issue related to the adequacy, 
accuracy, or completeness of the First Draft EA and no further response is required. No 
changes to the First Draft EA are required in response to this comment. 


The commenter also makes unfounded and misleading assertions. CARB notes that this 
comment letter is part of consistent and misleading attack by this commenter against efforts 
by CARB and other state agencies to responsibly and equitably address climate change in 
California. CARB takes equity seriously in all of its efforts. In separate public funding 
programs, guidance and planning efforts, and regulatory programs, CARB considers issues of 
equity as the agency and its partner agencies move toward ensuring a just transition to a 
lower-carbon future. 


CARB notes that the commenter repeatedly attempts to conflate CARB’s efforts with 
unrelated issues that do not flow from, and would not be caused by, the 2022 Scoping Plan, 
such as redlining, and drivers’ licenses for undocumented immigrants. Neither CARB’s 2022 
Scoping Plan, nor any of CARB’s air quality or climate change related efforts, is in violation of 
any legal obligation or have association with unrelated issues raised by the commenter such 
as drivers’ licenses.  


The comment appears to deliberately misrepresent key aspects of CARB’s actions including 
false claims such as CARB is placing a “ban on affordable personal vehicles”, that CARB is 
mandating a percentage decrease on “personal mobility”, etc. The introductory sections of 
the 2022 Scoping Plan are clear: CARB is not imposing or contemplating a “ban on 
affordable personal vehicles” and the Scoping Plan is not a regulatory action. In fact, the 
2022 Scoping Plan states that “all new passenger vehicles sold in California will be zero-
emission by 2035.” (May 2022 Draft Scoping Plan at vii.) CARB is not banning affordable 
vehicles, nor the use of gas-powered vehicles; the requirement applies to new vehicle sales. 
Rather than addressing each of the commenter’s misrepresentations regarding what the 
2022 Scoping Plan proposes, CARB categorically denies these assertions, and the 2022 
Scoping Plan’s actual measures speak for themselves. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter 620 


6/24/2022 Susie Berlin, Northern California Power Agency 


620-1: The commenter states, “While acknowledging the importance of reliability, the Draft 
SPU lacks an analysis of how each alternative will impact the electric grid, or ensure electricity 
reliability during all hours of the day. It is important to note that the findings of the Joint 
Agencies in the first SB 100 Report specifically called for a reliability assessment. 7 None of 
the scenarios, including the “no combustion” alternative, include an assessment of the 
impact that it would have on the reliability of the electric grid. The legislature has recognized 
the importance of reliability, and SB 100 specifically requires “an evaluation identifying the 
potential benefits and impacts on system and local reliability associated with achieving” the 
SB 100 policy goals.8 That further assessment has yet to be completed. Until it is done, and 
until the state has the information necessary to make an informed decision about the impacts 
of any clean energy action plans, the reliance on the initial SB 100 Report is misplaced. CARB 
cannot use that report as a basis for the SPU.” 


Response: Please refer to response to comment 574-1.  


As mentioned by the commenter, the 2021 SB 100 Joint Agency Report was intended to be 
a first step in an iterative and ongoing effort to assess barriers and opportunities to 
implementing the 100 percent clean energy policy. Topics the report identified for additional 
assessment include reliability, where the joint agencies specified the plan to evaluate 
resource portfolios in a multistep process to ensure reliability for all hours of the year in line 
with state planning requirements while meeting clean energy and climate goals. As such, the 
SB 100 report process is the identified venue for the type of reliability analysis the 
commenter suggests. No further response and no changes to the First Draft EA are required. 


620-2: The commenter states, “In its comments on the Initial Modeling Results Workshop, 
NCPA observed that the electricity sector analysis did not adequately address reliability of 
the electric grid, or the implications associated with zero combustion alternatives.9 It does 
not appear that the Draft SPU includes any further analyses to address this shortcoming. In 
particular, nothing in the record demonstrates that the 2035 timeline proposed in 
Alternatives 1 and 2 would not disrupt electricity supply.” 


Response: Please refer to response to comment 574-1. Please also refer to response to 
comment 620-1 regarding reliability assessment plans within the SB 100 joint agency report 
process. No changes to the First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter 622 


6/24/2022 Jessica Nelson, Golden State Power Cooperative 


622-1: The commenter states, “Statewide Electrification will not be Successful without 
Reliable Electricity  


A safe and reliable electrical grid is essential to achieving the state’s climate and energy 
equity goals. And just as importantly, reliable electric service is vital to member-owners of 
electric cooperatives. This is especially critical in rural areas where even water pumping is 
contingent upon electric service. The move to broader electrification will only make reliable 
electricity more important – and the lack of reliable electricity more disruptive.   


As noted in the Joint Utility Group comments, there are significant gaps in the assessment of 
electric grid reliability throughout the SPU. As the JUG notes, there is a critical need to 
assess electric grid reliability as part of the 2022 Scoping Plan analysis to determine if 
electricity portfolios can reliably produce and deliver clean energy 24 hours per day, 365 
days a year to support electrification. The SPU currently lacks that analysis, and reliance on 
the SB 100 Joint Agency Report to fill this gap is misplaced. The Joint Agency SB 100 Report 
specifically stated that “[f]urther analysis is needed to evaluate topics such as reliability” and 
while “[i]nitial analysis demonstrates that SB 100 is technically achievable, though additional 
analysis is needed to evaluate reliability and other factors more comprehensively.” (SB 100 
Joint Agency Report, p. 16, 19)  


It is incumbent upon CARB to put forth scenarios that recognize the critical role of the 
electric grid in attaining the state’s objectives. The Proposed Scenario’s targeted 2045 
decarbonization presents the only feasible alternative that does not compromise the 
provision of 24/7 reliable electricity. An unreliable or compromised electric grid would not 
only impede the state’s ability to reach our electrification goals, but would also be dangerous 
and antithetical to the wellbeing of Californians. Achieving carbon neutrality any earlier 
would be infeasible, costly, and ill-advised. GSPC urges CARB to conduct the necessary 
reliability assessment as soon as possible, and in the interim, not accelerate the 
decarbonization target date.” 


Response: The reasonably foreseeable compliance responses of the 2022 Scoping Plan, 
evaluated in the First Draft EA, include expansion of renewable energy and electrical 
infrastructure (see Section 2.C.3 of the EA). An analysis of the environmental impacts related 
to these reasonably foreseeable compliance responses are included in Chapter 4 of the First 
Draft EA. Please also refer to response to comment 574-1 regarding grid reliability.  


622-2: The commenter states, “In previous comments, GSPC noted the need to ensure that 
the role of the state’s natural and working lands (NWL) is appropriately recognized in the 
context of the state’s broader electrification goals, clean-energy objectives, and wildfire 
emissions reduction strategies. The ever-increase threat of wildfires exacerbated by years of 
drought must be addressed; failure to do so adversely impacts electricity affordability and 
reliability, as wildfires damage or threaten critical infrastructure. Rural electricity customers 
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are particularly isolated and vulnerable to electricity transmission and distribution disruptions 
from wildfires.” 


Response: The potential for increase wildfire risk is addressed in the First Draft EA under 
Impact 20.a. As discussed in the last paragraph on page 225 of the First Draft EA: 


Overhead powerlines associated with new infrastructure, including those lines built to 
support increased energy demand to accommodate increased reliance on the 
electrical grid, could increase the risk of wildfire ignition; however, new safety 
initiatives, development standards, and regulatory oversight for electric utilities have 
been implemented in response to numerous devastating wildfires in California in 
recent years. These efforts aim to reduce the risk of wildfire ignition associated with 
such facilities and include implementation of wildfire mitigation plans, collaboration 
between utilities and CAL FIRE, and retention by CPUC of independent evaluators 
that can assess the safety of electrical infrastructure. Additionally, new facilities would 
be subject to the applicable chapters of the California Fire Code and any additional 
local provisions identified in local fire safety codes. These factors—adherence to local 
plans, policies, codes, and ordinances; adherence to the California Fire Code and the 
provisions of wildfire prevention plans; and oversight by CPUC—would substantially 
reduce the risk of wildfire ignitions caused by infrastructure development.  


CARB agrees that the State must work to address the increasing threat of wildfires, and that 
such fires can impact electricity reliability. The 2022 Scoping Plan includes forest 
management related actions to help reduce wildfire risk across the state, while supporting 
California’s electrification goals. No changes to the EA are required in response to this letter. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 630 


6/24/2022 Tanya DeRivi, Western States Petroleum Association 


630-1: The commenter states, “5. WSPA agrees with CARB that an improved and 
streamlined project environmental review and permitting process is necessary to deliver 
the Draft 2022 Scoping Plan Update. 


The environmental review process under the California Environmental Quality Act (CEQA) 
has proved to be a significant barrier to projects and permitting certainty in the past. The 
following actions should be considered while creating a streamlined process for obtaining 
permits and for review and litigation under CEQA for eligible low carbon projects: 
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□ Create a new agency under to Office of Planning and Research to act as a lead agency for 
eligible low carbon projects that opt into the streamlined process for environmental 
review and litigation. 


□ Streamline the environmental review process under CEQA by establishing aggressive 
timelines for completeness determination, preparation of environmental impact report or 
negative declaration, recirculation period, and project approval. 


□ Streamline the litigation process to facilitate quick resolution including expedited 
preparation of the administrative record. 


□ Provide flexibility for local, regional or state agencies that act as lead agency for eligible 
low carbon projects to access aspects of the expedited environmental review and 
litigation process. 


Recommendation: CARB should work with the Office of Planning and Research to develop an 
improved and streamlined project environmental review (under CEQA) and permitting 
process for the low-carbon projects that are essential for the implementation and delivery of 
the Draft 2022 Scoping Plan Update.” 


Response: This comment indicates the environmental review process under the California 
Environmental Quality Act has proved to be a significant barrier to projects and permitting 
certainty in the past and recommends additional streamlining and coordination for low 
carbon projects. The comment is directed toward the contents of the 2022 Scoping Plan and 
does not raise an issue related to the adequacy, accuracy, or completeness of the First Draft 
EA. The comments are noted and are being provided to the Board members for their 
consideration. Nevertheless, CARB staff notes that streamlining for certain types of projects, 
such as infill, are currently allowed under CEQA (e.g., streamlining for Transit Priority Projects 
consistent pursuant to PRC § 21155.1 and infill projects pursuant to CEQA Guidelines § 
15332). However, CARB has actively and will continue to coordinate with The Governor’s 
Office of Planning and Research for additional streamlining opportunities, where feasible and 
appropriate. CARB notes the climate emergency requires a rapid build out and transition of 
existing energy assets to produce and deploy clean energy to support the transition away 
from fossil fuels in the next two decades to avoid the worst impacts of climate change. No 
changes to the First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 632 


6/24/2022 Sasan Saadat ,Earthjustice 


632-1: The commenter states, “In an effort to assuage the very real concerns raised by these 
groups, the Draft Scoping Plan cites a Stanford report that application of carbon capture 
“could reduce emissions of criteria air pollutant emissions from certain facilities.” However, 
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the Draft Scoping Plan does not include the portion of the paper that also notes that “the 
local community benefits and impacts will vary by project and location” and that it “is 
possible that the installation of a [carbon capture and storage (CCS)] plant could lead to an 
increase in air pollutants other than CO2.”17 In fact, the report suggests that these increases 
in emission may be so significant that “a facility possessing a Title V operating permit for 
being a major source of air pollutants may have to undergo significant revisions of that 
permit.”18 


Because of the significant uncertainty associated with these carbon capture technologies, 
their inability to deliver air quality benefits and their apparent potential to increase air 
pollutants, the Scoping Plan should minimize reliance on engineered carbon removal (both 
CCUS and DAC) and elaborate on the risks inherent to each of these technologies. A more 
even-handed treatment of the risks in relying so heavily on an unprecedented and 
complication-free build-out of direct air capture must be incorporated. 


17 Benson, et al., An Action Plan for Carbon Capture and Storage in California: 
Opportunities, Challenges, and Solutions. CCS in CA at 107 (Oct. 2020), 
https://stacks.stanford.edu/file/druid:fy784bm4949/EFI-Stanford-CA-CCS-FULL-rev2-
12.11.20.pdf.  


18 Id. at A-5.” 


Response: Please refer to Master Response 3. 


632-2: The commenter states, “CCS technology can be extremely energy and water 
intensive. Solvent-based carbon capture technologies, in particular, can require a significant 
energy penalty to generate the solvent and compress the CO2 into the pipeline. This either 
reduces the efficiency of the host plant (similar to de-rating the plant) or alternatively requires 
a much larger power plant to achieve the same “net” power generation capacity that would 
have been available without CCS. CCS consumes large quantities of freshwater and requires 
substantial amounts of cooling water.” 


Response: Please refer to Master Response 3 regarding emissions and potential health 
impacts of mechanical CDR and CCS projects. 


632-3: The commenter states, “It is also important to recognize that CCS technology could 
result in increased air pollution from power plants as well as other health risks. CCS 
technology would enable a power plant to avoid greenhouse gas emissions, but would have 
no impact on other air pollutants like fine particulates (PM2.5), NOx, or water pollution. CCS 
technology could allow emitting plants to operate more frequently and at higher levels, 
resulting in more pollution than they emit today. Carbon capture technologies that rely on 
solvents also risk solvent emissions slipping through the flue stack, resulting in new 
dangerous particulate and chemical emissions spewing into nearby communities and 
potentially contaminating surface water. Additionally, with the few CO2 transportation 
pipelines that exist today, there have already been signs of potential harm from accidents 
and pipeline ruptures.” 



https://stacks.stanford.edu/file/druid:fy784bm4949/EFI-Stanford-CA-CCS-FULL-rev2-12.11.20.pdf

https://stacks.stanford.edu/file/druid:fy784bm4949/EFI-Stanford-CA-CCS-FULL-rev2-12.11.20.pdf
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Response: Please refer to Master response 3. 


632-4: The commenter states, “e. New gas capacity would exacerbate environmental 
injustices by worsening air quality in disadvantaged and overburdened communities. 


The new gas capacity described in the Draft Scoping Plan would undermine the state’s work 
on environmental justice by worsening dangerous air pollution in overburdened frontline 
communities and increasing methane leakage. New gas build would have drastic additional 
impacts on air quality from increased capacity, even if the new build is more efficient and 
includes CCS technology. Even if carbon capture technology were deployed at these new 
gas plants, this technology does not decrease or alleviate other dangerous air pollutant 
emissions from gas plants.  


Assuming that the new gas plants described in the Draft Scoping Plan will be used for 
flexible load, they are likely to be dispatched more often, resulting in more cycling and 
increased pollutant emissions. Gas plants emit significantly more air pollution while starting 
than during steady state operations. The cycling of gas plants produces significant amounts 
of pollution because emissions control systems are not as effective at capturing pollutants 
when plants are starting and stopping. In fact, pollution from a single start can be higher than 
if the plant operated the entire day.42 For example, a single start of the Colusa Generating 
Station, a combined cycle gas plant, can emit as many NOx emissions as the facility would 
have emitted in 12 to 38 hours of steady-state operation.43 These estimates are based on 
permitted values, but unfortunately operational monitoring data shows that plant emissions 
can be even higher. During a start in May 2020, the Colusa gas plant emitted over 900 
pounds of NOx during its first three hours of operation, compared to around 10 pounds per 
hour of NOx after start-up.44 This means that the Colusa facility emitted more than 90 times 
its regular rate of NOx emissions during a single start. These startling pollution data 
demonstrate why the Board must reject any proposal that would increase the use and cycling 
of gas plants.  


California’s air pollution already exceeds national standards, and new gas capacity would only 
exacerbate this problem. While it is unclear from the Scoping Plan model results where new 
gas plants will be built, new gas resources would likely increase pollution in air basins that are 
already in serious, extreme, or severe nonattainment for one or more or more criteria 
pollutants.45 Gas-fired power plants emit many harmful pollutants, and the majority of 
California’s gas-fired power plants are located in or near the state’s most disadvantaged 
communities.46 This injustice results in compounding harms. For example, fine particulate 
matter emissions from gas combustion are closely connected to decreased lung function, 
more frequent emergency department visits, additional hospitalization and increased 
morbidity.47 


42 See Birdsall et al., Senate Bill 350 Study Volume IX: Environmental Study (2016), Table 
4.4-3, p. 100, https://www.caiso.com/Documents/SB350Study-
Volume9EnvironmentalStudy.pdf.  


43 Id.  



https://www.caiso.com/Documents/SB350Study-Volume9EnvironmentalStudy.pdf

https://www.caiso.com/Documents/SB350Study-Volume9EnvironmentalStudy.pdf
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44 See U.S. EPA Clean Air Markets Database, Colusa Power Plant, May 28, 2020 Data 
(according to the continuous emissions monitor data, the plant emitted 145, 393, and 404 
pounds of NOx during its first three hours of operation. After those first three hours, the 
next 11 hours were between 8 and 10.5 pounds of NOx per hour).  


45 U.S. EPA, Green Book: Current Nonattainment Counties for All Criteria Pollutants (data 
current as of Dec. 31, 2020), available at 
https://www3.epa.gov/airquality/greenbook/ancl.html.  


46 Brightline Defense, Winding Up for Offshore Wind, p. 2, 
https://www.offshorewindnow.com/brightline-defense-report (“78% of gas-powered 
plants [in California] are located in frontline environmental justice communities”). 47 
American Lung Association, Particle Pollution, 
https://www.lung.org/cleanair/outdoors/what-makes-air-unhealthy/particle-pollution. 


Response: CARB circulated the First Draft EA for public review and comment for a period of 
45 days that began on May 10, 2022 and ended on June 24, 2022. After the end of the First 
Draft EA public review period, CARB identified revisions to certain aspects of the proposal 
that merit revisions to the project description, and the EA was recirculated for 45-day public 
review from September 9, 2022 to October 24, 2022. The revised project description of the 
Recirculated Draft EA is directed toward “further transition away from fossil fuel-based 
electricity generation, and toward increased renewable energy generation resources,” which 
is reflected in a revised modeling assumption of no new natural gas plant capacity for 
reliability needs for the Scoping Plan Scenario, consistent with direction provided by 
Governor Newsom requesting that state agencies plan for an energy transition that avoids 
the need for new natural gas plants to meet California’s long-term energy goals. No further 
changes to the First Draft EA are required. 


632-5: The commenter states, “g. The Draft Scoping Plan failed to consider the impacts 
that new gas capacity would have on methane leakage, creating additional intense GHG 
impacts. 


Continued reliance on gas capacity also increases the risk of methane leakage. Methane has 
significantly more intense global warming potential over a short-term, posing intense climate 
damage, and methane leakage can cause severe health impacts, as witnessed by the 
community living near the Aliso Canyon gas storage facility. Between October 2015 and 
February 2016, the facility released at least 109,000 tons of methane, forcing the relocation 
of thousands of residents for several months. A UCLA study found that many community 
members living around Aliso Canyon experienced elevated indoor levels of air toxins and 
persistent health impacts following the leaks.48 These residents exhibited headaches, nausea, 
stomach aches, dizziness, and trouble breathing following the leak, and a local physician 
found signs of bone marrow suppression, which can lead to anemia and leukemia.49 In light of 
these health risks, then-Governor Jerry Brown directed the Public Utilities Commission to 
start identifying alternatives to Aliso. However, Aliso Canyon and other gas storage facilities 
cannot close if new gas-fired generation is dependent on it. Building new gas capacity risks 
another massive, dangerous, and climate-damaging leak again. 



https://www3.epa.gov/airquality/greenbook/ancl.html

https://www.offshorewindnow.com/brightline-defense-report

https://www.lung.org/cleanair/outdoors/what-makes-air-unhealthy/particle-pollution
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48 Diane A. Garcia-Gonzales, et al., Associations among particulate matter, hazardous air 
pollutants and methane emissions from the Aliso Canyon natural gas storage facility 
during the 2015 blowout (Nov. 2019), 
https://www.sciencedirect.com/science/article/pii/S0160412018327314?via%3Dihub.  


49 Sharon McNary, What Did Porter Ranch Residents Breathe During the Massive Gas Leak? 
Here’s What One Doctor’s Quest Revealed, LAist (Nov. 5, 2019), 
https://laist.com/2019/11/05/aliso-canyon-porter-ranch-gas-leak-blowout-health-benzene-
nordella.php.” 


Response: The First Draft EA (circulated from May 10, 2022 to June 24, 2022) describes the 
impacts from new natural gas capacity to reflect the initial electricity sector modeling for the 
2022 Scoping Plan, which indicated the need for firm, dispatchable power for times when 
intermittent renewables such as solar and wind are not available, or when loads exceed 
planned forecasts. This need for backup power for grid reliability was reflected in the 
electricity model’s selection of 10 GW of new natural gas capacity in 2045. However, the 
limited use of the new capacity was reflected in PATHWAYS modeling results showing 
reductions in energy-related GHG emissions from electric power relative to the Reference 
Scenario (see AB 32 GHG Inventory Sectors Modeling Data Spreadsheet4). Nevertheless, as 
described in the response to comment 632-5, the Recirculated Draft EA (circulated from 
September 9, 2022 to October 24, 2022), revised Scoping Plan Scenario, and proposed Final 
2022 Scoping Plan reflect the revised modeling assumption of no new gas capacity in line 
with direction from Governor Newsom. Although the initial modeling results showed 
corresponding GHG emissions reductions from the electricity sector in the Scoping Plan 
Scenario, the revised modeling assumption of no new gas capacity, as reflected in the 
Recirculated Draft EA, also addresses the points raised by the commenter and no further 
changes to the First Draft EA are required. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 635 


6/24/2022 Jennifer Hernandez 


635-1: The commenter states, “The EA is a “programmatic” analysis for “implementation of 
the 2022 Scoping Plan.”2 


2 EA, at p. 1.” 


Response: The comment restates an excerpt from the First Draft EA indicating that the EA 
provides a programmatic analysis of implementation of the 2022 Scoping Plan. The comment 
does not raise an issue related to the adequacy, accuracy, or completeness of the First Draft 



https://www.sciencedirect.com/science/article/pii/S0160412018327314?via%3Dihub

https://laist.com/2019/11/05/aliso-canyon-porter-ranch-gas-leak-blowout-health-benzene-nordella.php

https://laist.com/2019/11/05/aliso-canyon-porter-ranch-gas-leak-blowout-health-benzene-nordella.php
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EA and no further response is required. No changes to the First Draft EA are required in 
response to this comment. 


635-2: The commenter states, “The legal errors in the EA are both profound and profuse. 
Broadly, the EA fails as an informational document because it (I) does not correctly 
characterize the Project, (II) does not analyze cumulative impacts of the Project, (III) fails to 
identify significant unavoidable impacts (IV) does not analyze a reasonable range of 
alternatives, (V) does not adequately disclose the environmental impacts of its Measures on 
any resource category, and (VI) fails to articulate lawful mitigation measures.” 


Response: The comment that the First Draft EA contains legal errors is an introductory 
remark that does not specify nor substantiate the rationale behind the commenter’s opinion. 
CARB disagrees with this comment. Responses to specific issues are addressed in the 
responses below, as appropriate.  


635-3: The commenter states, “I. The Environmental Assessment Must Comply With CEQA 
By Analyzing the Reasonably Foreseeable Impacts of the “Whole of the Action” that CARB 
Will Take in Approving the Scoping Plan. 


Although CARB claims an exemption from CEQA pursuant to its certified regulatory 
program, “[a] certified program remains subject to other provisions in CEQA such as the 
policy of avoiding significant adverse effects on the environment where feasible.”3 As such, 
the EA must review the impacts of the whole “project,” as defined by CEQA. First, for 
“CEQA's purposes, ‘[p]roject’ means an activity which may cause either a direct physical 
change in the environment, or a reasonably foreseeable indirect physical change in the 
environment.”4 Second, the “Project” must include the “whole of the action,” including 
“ARB's action in enacting the regulations plus its actions in implementing of the 
regulations.”5 In violation of this principle, the EA attempts to bypass CEQA by 
mischaracterizing the Project, stating that that the Scoping Plan approval “would not lead 
directly to any adverse impacts on the environment” because CARB's approval “does not 
authorize any activities that would change the physical environment.”6 Such a claim – that a 
lead agency’s approval of a foundational plan to direct future agency decisions that 
authorizing actual construction and related changes to the environment does not require 
assessment under CEQA – was decisively considered, and rejected, in numerous court 
challenges resolved decades ago.7 The “project” CARB is required to consider in the EA is 
the entirety of the Scoping Plan, for which a “summary” is provided in Chapter 2 of the EA.8 


3 CEQA Guidelines § 15250; see also Id., Sierra Club v. State Bd. of Forestry (1994) 7 
Cal.4th 1215, 1220.  


4 Muzzy Ranch Co. v. Solano County Airport Land Use Com. (2007) 41 Cal.4th 372, 381–
382, as modified (Sept. 12, 2007)  


5 POET, LLC v. State Air Resources Bd. (2017) 12 Cal.App.5th 52, 74.  
6 Id. But note that “[t]he notion that the project itself must directly have directly have such 


an effect [on the environment] was effectively scotched in Friends of Mammoth.” People 
ex rel. Younger v. Local Agency Formation Com. (1978) 81 Cal.App.3d 464, 479 citing 
Friends of Mammoth v. Board of Supervisors (1972) 8 Cal.3d 247, 265  
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7 Bozung v. Local Agency Formation Com. (1975) 13 Cal.3d 263, 281 (holding that CEQA 
applies to annexation of land into county and that even though LAFCO was not itself 
authorizing project construction, as the lead agency it must analyze project impacts); see 
also Twain Harte Homeowners Association, Inc. v. County of Tuolumne (1982) 128 
Cal.App.3d 644 and Koster v. County of San Joaquin (1996) 47 Cal.App.4th 29 (holding 
that General Plan adoption triggers CEQA even though no physical construction was 
authorized by General Plan and subsequent agency approvals would be obtained before 
any such physical construction activities occurred).  


8 EA, at p. 1.” 


Response: The comment states the provisions of CARB’s certified regulatory program, which 
applies to the First Draft EA. CARB’s approval of the 2022 Scoping Plan would indeed not 
authorize any activities that would change the physical environment. However, the First Draft 
EA discloses the potential for indirect significant impacts resulting from reasonably 
foreseeable compliance responses that may be implemented by other agencies and 
jurisdictions. The compliance responses represent the reasonably foreseeable physical 
changes that may result from the 2022 Scoping Plan. Therefore, the First Draft EA 
adequately considers the potential physical environmental impacts from the 2022 Scoping 
Plan.  


Please refer to Master Response 1. The comment does not raise an issue related to the 
adequacy, accuracy, or completeness of the EA and no further response is required. No 
changes to the First Draft EA are required in response to this comment. 


635-4: The commenter states, “A. The EA Must Review the Direct Effects of the Scoping 
Plan Activities and the Reasonably Foreseeable Indirect Effects Thereof. 


The EA neglects to conduct a detailed impacts analysis of many Measures, claiming that 
there is too much uncertainty around actual implementation given its programmatic level. 
Relatedly, the Attorney General has, on multiple occasions, tried and failed to persuade the 
courts that the Scoping Plan has “no physical impacts on the environment.”9 Furthermore, on 
one prior occasion, the Attorney General asserted this in a remarkable Demurrer to a still-
pending lawsuit by our client The Two Hundred against the 2017 Scoping Plan wherein the 
Attorney General also asserted that it was entirely Constitutional for CARB to impose racially-
discriminatory housing measures given the climate emergency.10 


In fact, the Scoping Plan includes a discrete set of CARB staff policy decisions which would 
result in a “physical change to the environment,” As acknowledged in the EA, the Scoping 
Plan “project” is the “set of measures” included in Tables 2-2 and 2-3 in Chapter 2 of the 
2022 Scoping Plan (hereinafter referred to as “Measures”); CARB staff has selected these 
Measures to “achieve carbon neutrality by 2045.”11 The Plan expands on the substantive 
content of these Measures in Chapter 4, which lists multiple “Strategies for Achieving 
Success” that identify further physical changes to the environment that must be made to 
implement the Scoping Plan (“Strategies”). (as used hereinafter, “Measures” are used to 
describe both Measures and Strategies unless otherwise indicated) As explained in the EA: 
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1. This [EA] analysis addresses the environmental impact resulting from implementing the 
proposed 2022 Scoping Plan, compared to a baseline consisting of existing 
conditions. 


2. The analysis of environmental impacts is based on the effects of compliance responses 
that are reasonably foreseeable, if the measures in the 2022 Scoping Plan are 
implemented. 


3. The analysis in this Draft EA addresses environmental impacts both within California 
and outside the state to the extent that they are reasonably foreseeable and do not 
require speculation. 


4. The level of detail in the impact analysis is necessarily and appropriately general 
because the 2022 Scoping Plan…is itself programmatic. Furthermore, it would be 
speculative to predict decisions by other entities regarding the specific location and 
design of new or modified facilities, source and production of materials, and other 
activities that may be undertaken to implement measures in the 2022 Scoping Plan.12 


The EA overplays the uncertainty of implementation to conclude that that impacts are 
“potentially significant,” but ignores impacts and implementation that is very reasonably 
foreseeable. The EA claims that it can only complete a certain level of analysis at this 
programmatic level.13 While the EA claims that “[t]he impact analysis is based on foreseeable 
compliance responses that rely on a set of reasonable assumptions,” CARB actually fails to 
analyze several reasonably foreseeable compliance actions which could result in impact of the 
environment.14 In fact, the Scoping Plan selects some Measures, and rejects others, including 
Measures such as: 


□ the massive expansion of solar and wind electric generation facilities which do in fact 
have reasonably foreseeable locations, as well as modifications to transmission, 
substation, and other distribution infrastructure which are likewise reasonably 
foreseeable and in documentation commissioned by and submitted to CARB; 


□ a ten-fold expansion of forest “management” activities including timber harvesting 
and tree/vegetation removal which likewise will occur in reasonably foreseeable 
locations and - to pick just one example - will generate many thousands of tons of 
wood waste and debris requiring disposal or other management; 


□ the prescribed development of most new housing in transit priority areas (or 
equivalent), each of which is identified in Sustainable Communities Strategies 
prepared for both urban and other California regions which have been submitted to 
and accepted by CARB as meeting regional GHG reduction standards pursuant to SB 
375; and 


□ the physical modification of scores of stationary sources of emissions subject to the 
Cap and Trade program, including but not limited to the installation of carbon capture 
and sequestration technologies requiring the modification of existing facilities as well 
as the construction or modification of off-site pipeline conveyance and sequestration 
facilities. 


□ The Plan boasts that “California has never undertaken as comprehensive, far reaching, 
and transformative an approach to climate change as this plan” and acknowledges 
that the Scoping Plan affects “every aspect of how we work, play and travel in 
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California.”15 The EA then goes on to identify twelve categories of “reasonably 
foreseeable compliance responses” and explains that all are analyzed against the 
“existing environmental conditions and regulations” baseline.16 


In short, the Scoping Plan, its Measures, CARB’s implementation of those Measures, and the 
reasonably foreseeable effects of that implementation constitutes the “project.” The 
implementation of the Measures has more certain and ascertainable impacts than CARB 
portends. 


9 See generally The Two Hundred v. California Air Resources Board, Order on Demurrer 
After Hearing, (Super. Ct. Fresno County, 2018, No. 18CEC601494). 


10 See The Two Hundred v. California Air Resources Board, Order on Demurrer After 
Hearing, (Super. Ct. Fresno County, 2018, No. 18CEC601494), 12 (“[W]hile defendants 
argue that there is no constitutionally protected right to housing free of discrimination 
and thus plaintiffs have not stated a valid due process claim, the court notes that it is 
well—established that there is a constitutional right to be free of discrimination based on 
race.”).  


11 EA, at p. 11.  
12 EA, at p. 7.  
13 EA, at p. 1.  
14 Id.  
15 Scoping Plan, Executive Summary, at p. ix (emphasis added).  
16 EA, at pp. 18-27.  


Response: Please refer to Master Response 1. The First Draft EA presents a programmatic 
analysis of the potential for implementation of the 2022 Scoping Plan to result in adverse 
environmental impacts, and it describes feasible mitigation measures for identified significant 
impacts. The First Draft EA represents a good-faith effort to evaluate and fully disclose the 
potential for significant adverse impacts associated with the compliance responses that are 
reasonably foreseeable based on information known at this time, if the recommended actions 
identified in the 2022 Scoping Plan are implemented. It evaluates potential significant 
adverse impacts and beneficial impacts of the reasonably foreseeable compliance responses 
related to implementing the 2022 Scoping Plan, based on currently available information, 
without being speculative.  


The commenter suggests that some measures have been included or rejected, and that the 
included measures were not analyzed in sufficient detail. In making this argument, the 
commenter overplays the level of specificity and foreseeability of the measures described in 
the 2022 Scoping Plan. As described throughout the 2022 Scoping Plan, its appendices, and 
the First Draft EA, the 2022 Scoping Plan is a high-level, statewide programmatic plan for 
achieving the state’s climate goals. To the extent the commenter claims particular included 
measures were analyzed in insufficient detail, CARB responds that those measures were fully 
analyzed, at a programmatic level appropriate for the Scoping Plan’s highly programmatic 
nature; for example:  
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• Increased renewable energy and electrical infrastructure is described in Section 2.C.1, 
“Increase in Renewable Energy and Decrease in Oil and Gas Use action,” and Section 
2.C.3, “Expansion of Electrical Infrastructure Actions,”). The impacts of these actions 
are included in Chapter 4 of the First Draft EA. 


• Increased forest management activities are described in Section 2.C.10, “Forest, 
Shrubland, and Grassland Management Action.” The impacts of these actions are 
described in Chapter 4 of the First Draft EA, including increase in wood waste and 
debris in Section 4.B.19, “Utilities and Service Systems under subheading, “Forest, 
Shrubland, and Grassland Management Actions.” As discussed on pages 221-224 of 
the First Draft EA, the increase in pace and scale of vegetation treatments would result 
in an associated increase in the volume of solid organic waste generated during 
treatment, which would result in a significant and unavoidable impact.  


• The 2022 Scoping Plan does not “prescribe[] development of most new housing in 
transit priority areas”, contrary to the commenter’s assertion. The 2022 Scoping Plan 
does not, and cannot, prescribe whether or where housing can be built; those 
decisions are left to local jurisdictions. Appendix E describes the need for “inclusive 
urban, suburban, and rural communities throughout the many regions of California – 
that provide for a range of affordable housing and transportation options, efficient 
access to a variety of jobs and services, clean air quality, opportunities to safely walk 
and bike, and open space and recreational opportunities” (Appendix E, page 3). As 
part of the Revised Draft EA, these issues were clarified through the addition of 
Section 2.C.14, “Reduced VMT Actions” and Section 2.C.16, “Guidance for Agencies 
Consistent with the 2022 Scoping Plan.” As discussed on pages 37-40 of the 
Recirculated Draft EA, the VMT targets and strategy area discussion on land use and 
development in the 2022 Scoping Plan are not regulatory requirements. They provide 
advice and information on policy mechanisms that, if implemented, entities with 
authority over VMT may choose to rely upon. While the 2022 Scoping Plan’s guidance 
may be influential, it is not controlling. The implementation of the VMT targets relies 
on many independent actors who may make a range of choices, given the complexity 
of the transportation system and the many options available to lower VMT. These may 
include, for instance, decisions to site and construct relatively more housing, 
particularly affordable housing for low-income households and communities of color, 
in transit or service-rich areas to reduce the need for automobile use and address 
historic inequities; decisions to prioritize the funding and expansion of transit; the use 
of various roadway pricing designs that can help shift transportation choices while 
generating funds for alternatives to driving; and perhaps other mechanisms identified 
as options in the relevant appendices and main document of the 2022 Scoping Plan, 
or mechanisms beyond those identified in the 2022 Scoping Plan.  


Actions specifically within CARB’s authority that may influence VMT generally relate to 
the SB 375 regional planning process. They include the likely setting, after appropriate 
public process and analysis, of consistent regional greenhouse gas reduction targets 
under SB 375 for regional planning that may be followed by relevant jurisdictions. 







2022 Scoping Plan 
Response to Comments   Responses to Comments 


145 


Under SB 375, MPOs develop sustainable communities strategies that can include land 
use actions, among others, that if implemented, would help to achieve these targets. 
However, regional and local agencies have discretion in which actions they identify to 
meet the targets and may amend their plans at any time. As a result, both the actions 
and the potential ensuing environmental impacts of the specific strategies are 
unknown but would be evaluated by the appropriate regional and local agency upon 
adoption and implementation, as required by CEQA.  


• Construction of new facilities to capture CO2 emissions at industrial sources and 
construction of new infrastructure, such as pipelines, wells, and other surface facilities 
to enable transport and injection of CO2 into geologic formation for sequestration is 
described in Section 2.C.5, “Mechanical Carbon Dioxide Removal and Carbon Capture 
and Sequestration Actions,” which is analyzed in Chapter 4 of the First Draft EA. 
Additional industrial stationary source activities associated with modifications to 
facilities that may be subject to the Cap-and-Trade Program are described in Sections 
2.C.1, “Increase in Renewable Energy and Decrease in Oil and Gas Use Actions,” 
2.C.2, “Low Carbon Fuels Actions,” 2.C.3, “Expansion of Electrical Infrastructure 
Actions,” and 2.C.6, “Improvements to Oil and Gas Facilities Actions.” These activities 
include new renewable energy actions involving low-carbon fuels (e.g., hydrogen, 
biogas); modifications to existing crude production facilities, pulp and paper facilities, 
chemical and allied products, and other industrial manufacturing facilities to 
accommodate solar and wind electricity, solar heat, and/or solar steam generation; 
electrification of equipment and installation of renewable electricity and battery 
storage systems at petroleum refineries, alternative fuel production facilities, food 
products facilities, pulp and paper facilities, chemical and allied products, and other 
industrial manufacturing facilities; construction of new infrastructure or modification to 
existing infrastructure to accommodate increased electrification; and modifications to 
existing oil and gas facilities to reduce emissions, such as installation of vapor recovery 
systems, installation of low-bleed or zero-bleed pneumatic devices, and replacement 
of leaking equipment. The impacts of these actions are described in Chapter 4 of the 
First Draft EA. For example, as described on pages 143-164 of the First Draft EA in the 
Hydrology and Water Quality resource area, solar thermal facilities may use substantial 
quantities of water for long-term operations, including steam generation; construction 
and placement of energy facilities on the landscape can contribute to off-site flooding; 
and CCS could place additional demand on water resources depending on the 
technology and approach deployed. Furthermore, the First Draft EA states that 
although unlikely, even after implementation of recognized practices (e.g., best 
management practices to reduce sedimentation and pollution of surface waters, 
design drainage plans for runoff to contain adequate capacity for projected flows on-
site, preparation of a stormwater drainage and flood control analysis, preparation of a 
detailed hydrogeological analysis of potential project-related effects on groundwater 
resources), long-term operational-related impacts would be potentially significant and 
unavoidable.  
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The comment does not raise an issue related to the adequacy, accuracy, or completeness of 
the First Draft EA and no further response is required. No changes to the First Draft EA are 
required in response to this comment. 


635-5: The commenter states, “B. The EA Must Analyze the “Whole of the Action.” 


In claiming that there is too much uncertainty about the implementation of the Measures to 
fully analyze their impacts in detail, the EA fails to adequately analyze the “whole of the 
action” constituting the project. While CARB has repeatedly tried, and failed in prior 
litigation to persuade courts that it does not have to really comply with CEQA for its Scoping 
Plan, courts have had none of it, holding that CARB must analyze “the whole of the activity 
constituting the ‘project’ includ[ing] the enactment, implementation and enforcement of the 
[Scoping Plan].”17 Since the Scoping Plan identifies the concrete Measures described above 
and because the Scoping Plan is based on Measures which have been selected and rejected 
with certainty, the EA must review all of these Measures in as much detail as is currently 
known.  


Having inadequately described the Scoping Plan “project,” the EA then fails to disclose, 
analyze, or mitigate the impacts of almost all Measures that it does go on to analyze. 
“Because of CEQA's broad policy goals apply, the agency's environmental review document 
must include the same types of basic information as an EIR including a description of the 
activity and an analysis of impacts, mitigation measures, alternatives, and cumulative 
impacts.”18 


17 POET, LLC v. State Air Resources Bd. (2017) 12 Cal.App.5th 52, 57 (CARB was required 
by CEQA to analyze the regulation being promulgated and the effects of implementing 
those regulations, including the foreseeable effects of the Low Carbon Fuel Standards.).  


18 Koska & Zischke, Practice Under the California Environmental Quality Act, §21.13; see 
also Pesticide Action Network N. Am. V. California Dep't of Pesticide Regulation (2017) 
16 Cal.App 5th 224, 227. 


Response: The First Draft EA evaluates the reasonably foreseeable impacts associated with 
implementation of the 2022 Scoping Plan, which represents the whole of the action. The First 
Draft EA represents a good-faith effort to evaluate and fully disclose the potential for 
significant adverse impacts associated with the compliance responses that are reasonably 
foreseeable based on information known at this time. It evaluates potential significant 
adverse impacts and beneficial impacts of the reasonably foreseeable compliance responses 
related to implementing the 2022 Scoping Plan, based on currently available information, 
without being speculative. Additionally, the EA provides an adequate description of 
mitigation measures, alternatives, and cumulative impacts. The comment does not specify 
nor substantiate the rationale behind the commenter’s opinion. 


The comment does not raise an issue related to the adequacy, accuracy, or completeness of 
the First Draft EA and no further response is required. No changes to the First Draft EA are 
required in response to this comment. 
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635-6: The commenter states, “III. The EA Fails to Identify Significant Unavoidable 
Impacts. 


The EA's impact summary states that 25 of 34 impact categories and subcategories are each 
“Potentially Significant and Unavoidable.” This is a violation of CEQA: CARB may not duck its 
legal obligation to reach a conclusion about whether an impact is in fact significant and 
unavoidable. The CEQA Guidelines require that an EIR include a discussion of “Significant 
Environmental Effects Which Cannot be Avoided if the Proposed Project is Implemented.”20 
The addition of the word “Potentially” plainly ignores the language of the Guidelines. The 
uncertainty expressed undermines the entire purpose of CEQA: “to demonstrate to an 
apprehensive citizenry that the agency has, in fact, analyzed and considered the ecological 
implications of its action.”21 


20 CEQA Guidelines 15162. 
21 Save Round Valley Alliance v. County of Inyo (2007) 157 Cal.App.4th 1437, 1446 (internal 


citations omitted).” 


Response: The First Draft EA was prepared consistent with the requirements of CARB’s 
Certified Regulatory Program and represents a good-faith effort to evaluate and fully disclose 
the potential for significant adverse impacts associated with the compliance responses that 
are reasonably foreseeable based on information known at this time, if the recommended 
actions identified in the 2022 Scoping Plan are implemented. The scope of the analysis and 
assumptions are addressed in Section 1.D.2 of the First Draft EA, “Scope of Analysis and 
Assumptions.” As discussed, the “…Draft EA represents a good-faith effort to evaluate and 
fully disclose the potential for significant adverse impacts associated with the compliance 
responses that are reasonably foreseeable based on information known at this time, if the 
recommended actions identified in the 2022 Scoping Plan are implemented. It evaluates 
potential significant adverse impacts and beneficial impacts of the reasonably foreseeable 
compliance responses related to implementing the 2022 Scoping Plan, based on currently 
available information, without being speculative. The First Draft EA, including public 
comment and responses to environmental points raised in public comments, will inform 
CARB about the environmental implications of approving the proposed 2022 Scoping Plan.” 
As further addressed in the third paragraph on page 32,  


[t]his Draft EA takes a conservative approach and considers some environmental 
impacts as potentially significant because of the inherent uncertainties in the 
relationship between physical actions that are reasonably foreseeable under the 
2022 Scoping Plan and environmentally sensitive resources or conditions that 
may be affected. This conservative approach is effective because it helps avoid 
the risk of understating environmental impacts in light of these uncertainties 
and is intended to satisfy the good-faith, full-disclosure intention of CEQA. 
When specific later activities are proposed and subjected to project-level 
environmental review, many of the impacts recognized as potentially significant 
in this Draft EA may be avoided or reduced to a less-than-significant level.  
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The application of mitigation measures is addressed on pages 32–34 of the First Draft EA, 
under “Mitigation Measures”:  


This Draft EA recognizes that a degree of uncertainty exists regarding the 
implementation of feasible mitigation measures for potentially significant 
impacts, because CARB has limited authority for mitigation enforcement outside 
its statutory mandates and mitigation implementation by other public agencies 
approving later activities is not assured or reasonably predictable. “‘Feasible’ 
means capable of being accomplished in a successful manner within a 
reasonable period of time, taking into account economic, environmental, social, 
and technological factors” (PRC Section 21061.1). While CARB is responsible for 
adopting the 2022 Scoping Plan, it does not have authority over to approve the 
potential later activities, such as infrastructure and development projects, that 
could be carried out in response to the 2022 Scoping Plan.  


Other agencies are responsible for the review and approval, including any 
required environmental analysis, of any facilities and infrastructure that are 
reasonably foreseeable compliance responses to the 2022 Scoping Plan, 
including any definition and adoption of feasible project-specific mitigation 
measures, and any monitoring of mitigation implementation. For example, local 
cities or counties must review and decide to approve proposals to construct new 
facilities; CARB does not have jurisdiction over land use permitting of any 
potential development associated with the compliance responses, such as new 
manufacturing or recycling facilities (Cal. Const., Article XI, Section 7 [“A county 
or city may make and enforce within its limits all local, police, sanitary, and other 
ordinances and regulations not in conflict with general laws.”]; California 
Building Industry Assn. v. City of San Jose (2015) 61 Cal.4th 435, 455; Big Creek 
Lumber Co. v. County of Santa Cruz (2006) 38 Cal.4th 1139, 1151–1152; Health 
and Safety Code Sections 39000–44474 [CARB’s statutory authority provides no 
authority to regulate local land use permitting]). Additionally, State and/or 
federal permits may be needed for specific environmental resource impacts, 
such as take of endangered species, filling of wetlands, and streambed 
alteration. 


Because CARB cannot predict the location, design, or site-specific setting of 
individual projects that may result and does not have authority over 
implementation of development that may occur, the programmatic analysis in 
this Draft EA does not allow for identification of the precise details of project-
specific mitigation. As a result, there is inherent uncertainty in the degree of 
feasible mitigation that would ultimately need to be implemented to reduce any 
potentially significant impacts identified in this Draft EA.  


Given the foregoing, and because of legal factors affecting the feasibility of 
CARB’s proposed mitigation for several of the identified potential significant 
indirect impacts associated with the 2022 Scoping Plan, CARB’s implementation 
of the identified mitigation measures is infeasible based on the following: (1) the 
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lack of certainty of the scope, siting, and specific design details of compliance-
response development projects, which prevents CARB from being able to 
determine the projects’ significant environmental impacts, and (2) the fact that 
even if there was certainty with respect to compliance-response development 
projects and associated significant environmental impacts, CARB lacks the legal 
authority and jurisdiction to permit these projects, which inherently prevents 
CARB from legally imposing any enforceable mitigation measures on the 
projects. Therefore, while the mitigation measures identified below in this Draft 
EA are considered by CARB to be feasible for project proponents to implement 
and in many cases for other agencies to enforce, CARB cannot legally enforce 
them. 


Consequently, this Draft EA takes the conservative approach in its post-
mitigation significance conclusions (i.e., avoiding the risk of overstating the 
enforceability of feasible mitigation to reduce an impact to less than significant) 
and discloses, for CEQA compliance purposes, that potentially significant 
environmental impacts may be unavoidable, where appropriate, because of the 
lack of jurisdiction by the lead agency to enforce the mitigation measures. It is 
also possible that the amount of mitigation necessary to reduce environmental 
impacts to a level below significant may be far less than disclosed in this Draft EA 
on a case-by-case basis. It is expected that many potentially significant impacts of 
facility and infrastructure projects would be avoidable or mitigable to a less than 
significant level as an outcome of their project-specific environmental review 
processes, conducted by the appropriate approval agency with jurisdiction as 
the lead agency under CEQA.  


For the reasons described above, the First Draft EA properly identifies many of the 
impacts as potentially significant and unavoidable. 


635-7: The commenter states, “IV. The EA Fails to Identify or Analyze a Reasonable Range 
of Alternatives to Avoid or Minimize Significant Adverse Impacts to the Environment. 


The EA's failure to determine which impacts remain significant and unavoidable after 
mitigation renders the EA's analysis of alternatives fatally flawed. As the EA itself 
acknowledges: 


CEQA Guidelines section 15126.6(a) speaks to the need to describe 'a range of 
reasonable alternatives to the project, or to the location of the project, which would 
feasibly attain most of the basic objectives of the project but would avoid or 
substantially lessen any of the significant effects of the project, and evaluate the 
comparative merits of the alternatives.' The purpose of the alternatives analysis is to 
determine whether different approaches to or variations of the project would reduce 
or eliminate significant project impacts, within the basic framework of the objectives, a 
principle that is consistent with CARB's certified regulatory program requirements.22 
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The EA goes on to describe 3 alternatives in addition to the no project alternative, 
comparing them against the Scoping Plan's objectives.23 The entirety of the environmental 
analysis for each alternative is set forth in one conclusory and incomplete paragraph, devoid 
of analysis and largely devoid of reference to the 25 sub-categories of impacts which CARB 
has identified as “PSU” (potentially significant and unavoidable) in the EA Impact Summary 
Table.24  


The Regents of the University of California tried this shoddy sleight of hand to avoid 
meaningful analysis in an EIR evaluating the relocation of some operations into the Laurel 
Heights neighborhood in San Francisco.25 The Supreme Court issued a stinging rebuke, first 
noting CEQA requires that alternatives to proposed projects must be “thoroughly assessed,” 
then holding that CEQA requires a “meaningful analysis of alternatives” that include “facts 
and analysis, not just the agency's bare conclusions or opinions.”26 The Supreme Court 
continued: 


The EIR prepared by UCSF contains no analysis of any alternative locations. An EIR's 
discussion of alternatives must contain analysis sufficient to allow informed decision 
making… The Regents argue that alternatives had already been considered and found 
to be infeasible during the University's various internal planning processes and that an 
EIR need not discuss a clearly infeasible project alternative….The Regents miss the 
critical point that the public must be equally informed. Without meaningful analysis of 
alternatives in the EIR, neither the courts nor the public can fulfill their proper roles in 
the CEQA process. We do not impugn the integrity of the Regents, but neither can we 
countenance a result that would require blind trust by the public, especially in light of 
CEQA's fundamental goal that the public be fully informed as to the environmental 
consequences of action by their public officials…If the Regents considered various 
alternatives and found them to be infeasible, we assume, absent evidence to the 
contrary, that they had good reasons for doing so. Those alternatives and the reasons 
they were rejected, however, must be discussed in the EIR in sufficient detail to enable 
meaningful participation and criticism by the public. … If the Regents previously 
considered alternatives in their internal processes as carefully as they now claim to 
have done, it seems the Regents could have included that information in the EIR. The 
Regents also contend the Association failed to point to any evidence in the record that 
demonstrates reasonable alternatives to moving the School of Pharmacy research units 
to Laurel Heights. This argument is somewhat disingenuous given the Regents' own 
failure to provide any meaningful information regarding alternatives. It is the project 
proponent's responsibility to provide an adequate discussion of alternatives… That 
responsibility is not dependent in the first instance on a showing by the public that 
there are feasible alternatives. If the project proponent concludes there are no feasible 
alternatives, it must explain in meaningful detail in the EIR the basis for that 
conclusion…CEQA requires that governmental agencies consider reasonable 
alternatives. It is not limited to alternatives proposed and justified by objectors [to an 
EIR]. (internal citations and quotation marks omitted).27 
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The EA alternatives selection and analysis fails on all counts. First, there is no explanation 
linking the selection of alternatives to the avoidance or minimization of adverse impacts; 
instead the alternatives simply reflect different GHG reduction measure policy choices (faster 
phase out of fossil fuels versus slower, more/faster versus less/slower deployment of certain 
technologies). The EA concludes that operational as well as construction impacts are “PSU” 
for aesthetics, agriculture and forests, air quality, biological resources, cultural resources, 
geology and soils, hazards and hazardous materials, land use and planning, noise, 
transportation/traffic, tribal cultural resources, utilities and service systems, and wildfire. The 
EA's failure to identify and evaluate a reasonable range of alternatives that avoid or 
substantially reduce these (or some subset of these) impacts is a fatal legal flaw under CEQA. 


22 EA, p. 251 (emphasis added).  
23 EA, Attachment B: Summary of Impacts; see also EA, at pp. 255-56.  
24 Id. Table 7-1, at pp. 256-57.  
25 Laurel Heights Improvement Assn. v. Regents of University of California (1988) 47 Cal.3d 


376, 404, as modified on denial of reh'g (Jan. 26, 1989).  
26 See id. at p. 400, quoting Wildlife Alive v. Chickering (1976) 18 Cal.3d 190, 197 and id. at 


p. 404-05, quoting Concerned Citizens of Costa Mesa, Inc. v. 32nd Dist. Agricultural Assn. 
(1986) 42 Cal.3d 929, 935.  


27 Id. at pp. 404-06.” 


Response: CEQA states that consideration and discussion of alternatives to the proposed 
project is governed by the rule of reason (CEQA Guidelines 15126.6[a]). The factors that may 
be used to eliminate an alternative from detailed consideration include, and are not limited 
to: failure to meet most of the basic project objectives, infeasibility, or inability to avoid 
significant environmental impacts. The range of feasible alternatives are to be selected and 
discussed in a manner to foster meaningful public participation and informed decision 
making (CEQA Guidelines 15126.6[f]). 


The Alternatives Analysis in Section 7 of the First Draft EA provides a discussion of whether 
and how each alternative meets the project’s objectives, and an analysis of each alternative’s 
potentially significant environmental impacts. The First Draft EA evaluates a reasonable range 
of alternatives to the 2022 Scoping Plan that could reduce or eliminate the project’s 
significant effects on the environment while meeting most of the basic project objectives 
(Title 14 CCR Section 15126.6(a)). Pursuant to CARB’s certified regulatory program, the First 
Draft EA also contains an analysis of each alternative’s feasibility and the likelihood that it 
would substantially reduce any significant adverse environmental impacts identified in the 
impact analysis. 


The selection of the range of alternatives is described in Section 7.B of the First Draft EA, 
“Selection of Range of Alternatives.” As described on pages 252–253 of the First Draft EA, 
beginning in the fourth paragraph: 


The 2022 Scoping Plan recognizes the need for broad-based strategies that 
require continued changes to how the State generates, transmits, and consumes 
electricity; how people and goods are transported; how communities are 
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planned and built; how water and other resources are conveyed, distributed, and 
consumed; and how the State manages its vast natural and agrarian lands; 
however, specific actions are not yet fully defined at this stage of planning. The 
level of detail for each alternative must reflect that the project is a broad plan. 
Accordingly, this analysis cannot provide the level of detail that will be contained 
in subsequent environmental review that will be conducted when each of the 
2022 Scoping Plan’s recommended actions is subsequently developed and 
implemented by CARB or other lead agencies. (See Title 14 CCR Section 15168.)  


CARB has identified a reasonable range of four alternatives that allow the public 
and CARB to understand the differences among the different approaches. GHG 
emission reduction measures ongoing or already implemented as part of the 
initial Scoping Plan, and subsequent updates, are considered a part of the No-
Project Alternative. Because these programs are already underway and reducing 
emissions at this time, they are reasonably expected to continue. In addition to 
the No-Project Alternative, CARB made a good-faith effort to identify other 
potentially feasible project alternatives. This effort included examining 
comments received at the public workshops held on June 8–10, 2021; July 20, 
2021; August 2, 2021; August 17, 2021; September 8, 2021; September 30, 
2021; November 2, 2021; December 2, 2021; December 13, 2021; February 15, 
2022; March 15, 2022; and April 20, 2022 ; at the CARB hearings held on June 
24, 2021; February 24, 2022; and March 24, 2022 and at 17 Environmental 
Justice Advisory Committee meetings to determine whether any commenters 
suggested potentially feasible alternatives. Although commenters made 
suggestions for particular components of recommended actions in the key 
economic sectors, no comments suggested an alternative, broad-based 
comprehensive approach to the project itself. CARB staff found no comments 
suggesting an alternative comprehensive approach to meet the State’s long-
term GHG reduction goals.  


Despite the challenge of identifying alternative approaches to the project as a 
whole, CARB identified three feasible action alternatives in addition to the No-
Project Alternative rather than just partial alternatives to components within the 
project. The alternatives do not alter the basic nature of the project, and the 
information provided on them below is sufficient to allow comparisons with the 
proposed project. 


As noted in the last paragraph on page 256, “[g]enerally, actions associated with the 2022 
Scoping Plan and plan alternatives would be the same. Differences among the alternatives 
would be related to the degree to which individual actions are implemented. A summary of 
the differences among the alternatives, compared to the 2022 Scoping Plan, is presented in 
Table 7-1.” The alternatives evaluation presented in Section 7.E of the First Draft EA, 
“Evaluation of Scoping Plan Alternatives,” describes how significant environmental impacts 
of each alternative would be reduced as compared to the 2022 Scoping Plan. Consistent with 
CEQA Guidelines Section 15126.6(d), this evaluation provides “sufficient information about 
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each alternative to allow meaningful evaluation, analysis, and comparison with the proposed 
project.” 


The comment does not provide recommendations for alternatives to the 2022 Scoping Plan 
that can be further evaluated. No changes to the First Draft EA are required in response to 
this comment. 


635-8: The commenter states, “V. EA Fails to Disclose, Analyze or Mitigate Significant 
Adverse Environmental Impacts for Scoping Plan Measures. 


The EA avoids disclosure, impact analysis, cumulative impact analysis and the imposition of 
all feasible mitigation measures to avoid or reduce significant adverse impacts (including an 
assessment of mitigation measure effectiveness) for almost all Scoping Plan Measures in 
violation of CEQA.  


A closer examination of just four of the Measures demonstrate the EA's failure to disclose 
both currently known and reasonably foreseeable construction and operational impacts, and 
unlawfully defers both analysis and mitigation of such impacts to later agency actions in 
violation of CEQA's prohibitions on both piecemealing (breaking up the larger project of 
making California carbon neutral by 2045 into smaller subparts to avoid comprehensive 
environmental analysis of the “whole of the project”), and unlawful deferral of feasible 
mitigation to avoid or minimize such impacts. CARB, like other state agencies, claims that it is 
somehow too speculative to really do the disclosure, analysis and mitigation required to 
comply with CEQA. Courts haven't bought these arguments28, and CARB's latest attempt to 
circumvent CEQA is constitutes willful violation of CEQA. Four specific examples of Measures 
whose impacts are not analyzed completely are provided below: 


28 The agency's certified CEQA regulatory program document “must provide detailed 
information on the project's potential significant effects on the environment and describe 
mitigation measures and alternatives that could reduce the project's significant 
environmental impacts.” Koska & Zischke, Practice Under the California Environmental 
Quality Act §21.13; see also, Ebbetts Pass Forest Watch v. Dept of Forestry & Fire 
Protection (2008) 43 Cal.App. 936, 943.” 


Response: Please refer to Master Response 1. 


The commenter’s contention that the project is piecemealed into smaller subparts and does 
not represent the whole of the action because the 2022 Scoping Plan includes a wide range 
of compliance responses and potential implementation measures is misinformed. In fact, the 
First Draft EA analyzes the whole of the action as the comprehensive 2022 Scoping Plan, 
which is inclusive of the compliance responses and implementation measures and does not 
attempt to separate the project to avoid analysis and disclosure of impacts. 


The comment that the First Draft EA contains legal errors is an introductory remark that does 
not specify or substantiate the rationale behind the commenter’s opinion. Specific issues are 
addressed in forthcoming responses, as appropriate. 
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The comment does not raise an issue related to the adequacy, accuracy, or completeness of 
the First Draft EA and no further response is required. No changes to the First Draft EA are 
required in response to this comment. 


635-9: The commenter states, “A. Solar & Wind Generation Facilities Required for Retail 
Electricity Supply.29 


The Scoping Plan includes the following Measure: “Per SB 100, achieve 100 percent 
renewable and zero-carbon retail sales [of electricity] by 2045.”30 The Scoping Plan further 
clarifies that, per a 2021 SB 100 Joint Agency Report prepared by CARB, the California 
Energy Commission, and the California Public Utilities Commission (“Joint Report”), non-
retail electricity sales as well as electricity losses from storage, transmission and distribution 
lines, are not subject to the SB 100 renewable generation mandate.31 Neither the EA nor 
Scoping Plan describe what portion of electricity generation that is not from solar, wind, and 
battery (“SWB”) facilities will continue to occur, presumably from existing non-SWB facilities, 
and the EA does not disclose the location, size or schedule for the required SWB facilities.32 


The Scoping Plan acknowledges that a four-fold increase of electricity is required under the 
Proposed Scenario.33 However, due to the intermittent nature of solar and wind generation, 
even more electricity generation capacity as well as electric storage (battery) capacity is 
required to meet projected electricity demand. The Scoping Plan and EA falsely assert, 
however, that the location, size, and pace of SWB development is unknown and thus cannot 
be disclosed, analyzed, or mitigated. 


The Joint Report, and related reports commissioned by the California Energy Commission, 
California Public Utilities Commission, and CARB itself,34 acknowledge the massive expansion 
of SWB facilities as well as transmission lines and related distribution infrastructure are all 
required, and states that “[c]onstruction of clean electricity generation and storage facilities 
must be sustained at record-setting rates.”35 


An expert CEQA consulting firm, ERM, examined CARB and other Joint Agency 
commissioned studies that do in fact describe the size, scale and location of the planned 
“massive expansion” in these facilities, in a report titled Final Draft Assessment Report - 
Potential Impacts of California's High Electrification Scenario, 2021 (hereinafter “ERM 
Report”),36 including for example a report prepared by The Nature Conservancy and E3 
called “The Power of Place” (“E3-TNC”) which sites are targeted for development of solar or 
wind facilities using 9 different scenarios which vary the amount of electricity imported into 
California (and thus partly reduce the need for California-sited generation facilities) and vary 
siting criteria to maximize avoidance of prioritized environmental impacts such as protected 
species and habitat. The siting Figure is reprinted here, as well as included in the ERM 
Report. 
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The ERM Report includes this E3-TNC and related Joint Agency studies, which collectively 
constitute the reasonably foreseeable physical consequences to the environment of just this 
100 percent renewable retail electricity Measure. The ERM Report then uses the least 
impactful of the nine scenarios, which maximizes importation of electricity from other states 
and which avoids and minimizes impacts to prioritized environmental resources, to disclose 
the environmental impacts of the lowest impact version of this one Measure. 


The ERM Report, using the physical siting, sizing, and scheduling information regarding SW 
facilities commissioned by and known to CARB, to identify the environmental impacts of this 
Measure. As set forth in the ERM Report: 


□ By 2050 installed capacity will need to increase by approximately 489 to 650 percent 
for solar and 30 to 250 percent for wind to provide the necessary supply. This is a net 
increase of between 101.5 to 107.3 gigawatts (“GW”) of solar and 4.7 to 15.42 GW of 
wind.37 


□ Approximately 70 percent of overall solar and wind development would occur in the 
San Joaquin Valley and Mojave/Sonora desert regions; however, after accounting for 
land conservation and development prohibitions, only about 30 percent of these 
regions would likely be eligible for permits under existing legal constraints. 
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□ If such development were in fact to occur, approximately 11,000 acres of wetlands and 
regulated waters, 43,000 acres of critical habitat, 40,000 acres of important bird areas, 
2,000 acres of wildlife linkages, 119,000 acres of prime farmland, 100,000 acres of 
agricultural land, and 30,000 acres of rangeland would be impacted. Impacted 
protected species include the Giant Kangaroo rat, the San Joaquin Kit Fox, the Blunt 
Nosed Leopard Lizard, and the Desert Tortoise.38 


□ Assuming that California can in fact access the desired amount of electricity imports 
from other states, “approximately 740,000 to 1.24 million acres will be converted from 
agricultural, rangeland, and open space to industrial land in order to supply the 
needed electricity.”39 The ERM Report illustrates the size of this development activity 
on the Los Angeles area map; below is the construction overlay onto the Bay Area - 
which swallows San Francisco, Silicon Valley, San Jose, most of the Bay itself, and large 
swaths of Oakland and other East Bay cities. CARB's Scoping Plan and Environmental 
Assessment provide zero disclosure of the massive size, and massive impacts, of even 
this one Measure, as shown the Figure below. 


 


Low Acre Conversion Estimate for Solar/Wind Facilities Required to Provide Retail Electricity 
from Renewable Sources; Estimate Assumes Increasing Already Massive Importation of 
Electricity from Other States. 


□ The increase in development is between 14 and 25 percent of the approximately 5.19 
million acres of urbanized land in California.40 


□ The increase in solar development is approximately 6 to 10 times more than current 
solar facility development. Installed solar capacity in Fresno and Kings Counties 
combined is only 1.3 percent of the land area needed for solar.41 


□ The size of solar facilities would need to increase from today's average of 120 acres to 
an average of 988 acres.42 


□ The required schedule for solar and wind buildout would continue the record high 
buildout year for the next 25 years.43 
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□ The ERM Report also describes other reasonably foreseeable impacts of this 100 
percent renewable energy for retail sales measure, including for example foreseeable 
waste volumes associated with the routine and far more frequent need to replace 
batteries, windmill equipment, and solar panels. For example, battery equipment has a 
limited duration lifespan of about 13 years, wind turbines typically last 20 to 25 years, 
while solar PV panels last approximately 30 years, and thereafter must be replaced.44 
The EA does not disclose, analyze, or mitigate for this massive increase in electronic 
wastes, some of which include hazardous chemical constituents that require special 
handling under California's universal waste laws. Recycling and disposal both involve 
operations of waste handling facilities as well as waste transportation, and battery 
recyclers in particular have created legacy hazard conditions requiring regulatory 
interventions and taxpayer funded cleanups. The ERM Report identifies waste 
handling volumes omitted from the EA, which neither acknowledges, analyzes, or 
mitigates for these massive new quantities of spent batteries, solar panels, and 
turbines.45 The EA omits even the most basic waste volume and landfill capacity 
analysis, which applies to shipping materials for new SWB equipment, new 
transmission and distribution lines and substations, and demolished or replaced 
existing infrastructure.46 


More detailed information regarding this Measure that the EA fails to disclose, analyze, or 
mitigate is included in the ERM Report in Chapters 1, 2, 4 and 5. 


30 Scoping Plan, at p. 164.  
31 Scoping Plan, Table 2-2, at p. 60.  
32 Id.  
33 Scoping Plan, Figure 4-5: Projected electricity resources needed by 2045 in the Proposed 


Scenario, at p. 162, demonstrating the increase in need from 50,000 MW to almost 
200,000 MW from 2025 to 2045.” 


34 See, e.g., Wu et al. 2019 (“E3-TNC”) Power of Place: Land Conservation and Clean 
Energy Pathways for California, which provides details regarding the size, location and 
cost of solar wind, bulk transmission generation and geothermal facilities in California and 
other states required to implement the High Electrification Scenario as further described 
in ERM Report.  


35 SB 100 Joint Agency Report Summary, at p. 8, available at 
https://efiling.energy.ca.gov/GetDocument.aspx?tn=239588&DocumentContentId=7302
1 . 


36 ERM, Final Draft Assessment Report - Potential Impacts of California's High Electrification 
Scenario, 2021. The ERM Report is included in its entirety as Attachment A to this 
comment letter. Each subsection of the ERM Report (e.g., section 2.3.1) constitutes a 
separate comment on the Scoping Plan, relating to failure to accurately describe energy 
costs, economic and equity impacts, land use and environmental impacts, and waste 
materials and volumes, of this SWB measure in the Scoping Plan. ERM has extensive 
experience in preparing EIRs for renewable energy projects in California, including 
analyzing and mitigating the environmental impacts of such projects as required by 
CEQA. 



https://efiling.energy.ca.gov/GetDocument.aspx?tn=239588&DocumentContentId=73021

https://efiling.energy.ca.gov/GetDocument.aspx?tn=239588&DocumentContentId=73021
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37  ERM Report, at p. 1.  
38  Id. at p. 4.  
39  Id. at p. 3.  
40  Id. 
41  Id. 
42  Id. at p. 71. 
43  Id. at p. 73. 
44  Id. at p. 139. 
45  Id. at pp. 138-39.  
46  Id. at pp. 132-39.  


Response: The comment includes a map of the general areas that are most viable for solar 
and wind development, it does not specify specific sites or locations. Solar and wind 
development is largely driven by the private market, and is subject to a number of real 
estate, land use, and environmental factors. While the ERM report identifies environmental 
impacts from implementation of a hypothetical development scenario, it too relies on 
assumptions and models, and provides a very general and programmatic description of 
potential impacts that may occur. Because of the size, scale, variability, and unknown details, 
it would not be prudent nor feasible to address specific details.  


Furthermore, the level of detail in the First Draft EA reflects that the 2022 Scoping Plan is a 
high-level statewide planning document, and therefore the analysis is at a programmatic level 
and does not provide the granularity that would be presented in subsequent environmental 
documents prepared for specific regulatory actions that agencies may decide to pursue to 
reduce GHG emissions or any analysis carried out for specific construction projects by various 
entities. Nevertheless, consistent with this approach, the First Draft EA represents a good 
faith effort to evaluate the potentially significant adverse impacts and beneficial impacts of 
the reasonably foreseeable compliance responses for implementing the 2022 Scoping Plan, 
based on currently available information, without being overly speculative. Similarly with the 
ERM report, the First Draft EA and Recirculated Draft EA include compliance responses 
associated with additional build-out of electricity resources and disclose potentially 
significant and unavoidable impacts related to land conversion; biological resource area 
impacts to avian, wildlife, protected species, and critical habitats; agricultural and forest 
resources habitat conservation impacts; as well as impacts to cultural resources, air quality 
and dust, and aesthetics. If CARB or other State agencies pursue regulations to implement 
any of the GHG actions discussed in the 2022 Scoping Plan, each regulation would go 
through the APA process, which includes a more detailed environmental analysis specific to 
that proposal. 


Nevertheless, the First Draft EA acknowledges as part of the reasonably foreseeable 
compliance responses that implementation of the 2022 Scoping Plan could include operation 
of new facilities, including wind, solar thermal, solar photovoltaic, geothermal, solid-fuel 
biomass, biogas, solar thermal steam production, hydrogen, pumped storage, battery 
storage, and small hydroelectric systems. The operation of wind, solar thermal, and solar 
photovoltaic energy would occur over large expanses of land (e.g., acres).  
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As discussed in Section 4.A of the First Draft EA, “Approach to the Environmental Impacts 
Analysis and Significance Determination”: 


The potential environmental effects of reasonably foreseeable compliance 
responses associated with the 2022 Scoping Plan are analyzed in a programmatic 
manner because it consists of a series of actions that can be characterized as one 
large project and are related in connection with the issuance of the 2022 Scoping 
Plan to govern the conduct of a continuing program under AB/SB 32. (Title 14 CCR 
Section 15168(a)(3)) While the types of foreseeable compliance responses can be 
reasonably predicted, the specific location, design, and setting of the potential 
actions cannot feasibly be known at this time. If a later activity would have 
environmental effects that are not examined within this EA, the public agency with 
approval authority over the later activity may need to conduct additional 
environmental review as required by CEQA or other applicable law. 


These assumptions are consistent with standards of adequacy described in CEQA Guidelines 
(i.e., CEQA Guidelines Section 15151). That is, the First Draft EA provided a good-faith effort 
at disclosure that provide decision-makers with information related to the environmental 
consequences of the proposed regulation. This analysis provides enough relevant 
information and reasonable inferences such that fair arguments support the conclusions 
presented throughout the EA (CEQA Guidelines Section 15384[a]). Information associated 
with the compliance scenarios and environmental analysis includes facts, reasonable 
assumptions predicated upon facts, and expert opinion support by facts be used to discuss 
environmental effects (CEQA Guidelines Section 15384[b]). 


The comments notes that renewable energy projects would affect agricultural and biological 
resources. The First Draft EA addresses the types of impacts, as follows: 


• Impact 2.a discusses the effects of renewable energy projects on agricultural lands. 
Mitigation Measure 2a includes avoidance of Important farmland conversion, 
restoration activities, and if restoration is not feasible permanent preservation of 
offsite Important Farmland of equal or better agricultural quality, at a ratio of at least 
1:1 


• Impact 4.a addresses modifications to existing habitat, including the removal, 
degradation, and fragmentation of riparian systems, wetlands, and/or other sensitive 
natural wildlife habitats and plant communities; interference with wildlife movement or 
wildlife nursery sites; loss of or disturbance to special-status species; and/or conflicts 
with local ordinances or the provisions of adopted habitat conservation plans, natural 
community conservation plans, or other conservation plans or policies to protect 
natural resources. Mitigation Measure 4.a includes a list of actions that could mitigate 
potentially significant biological impacts, including: preparation of a biological 
inventory of site resources, preparation of site design and development plans that 
avoid or minimize disturbance to habitat and wildfire resources, and planting of 
replacement trees.  
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• Impact 4.b addresses the direct effects of solar energy development on habitat loss, 
particularly for desert wildfire. Mitigation Measure 4.b.1 provides a list of avoidance 
and minimization practices including: minimizing disturbance of habitat and wildlife 
resources through design features of individual projects, establishing protective 
buffers, and requiring monitoring of construction sites.  


Impacts of renewable energy projects on agricultural and biological resources were 
determined to be significant and unavoidable, due to the uncertainty related to the degree 
that mitigation may be implemented (see pages 52-55, 82—83, and 94-97 of the First Draft 
EA).  


Please refer to Master Response 1 for specificity, level of detail, and CARB’s authority to 
implement projects and mitigation.  


In addition, over its 23-year planning horizon, the 2022 Scoping Plan discusses the types and 
relative magnitude of energy resources needed to reflect an electricity sector target of 38 
MMTCO2e in 2030, which is aligned with the Preferred System Plan adopted on February 10, 
2022 (Decision 22-02-0041) by CPUC as part of its 2019-2021 Integrated Resource Planning 
process, and to meet the SB 100 (2018) and SB 1020 (2022) renewable and zero-carbon retail 
sales targets by 2045. The types of facilities that could be developed are consistent with 
eligible renewable and zero-carbon resources described in the 2021 SB 100 Joint Agency 
Report and addressed in the First Draft EA (pages 18-19) under Increase in Renewable 
Energy and Decrease in Oil and Gas Use Actions. The 2022 Scoping Plan does not require 
this specific resource development to occur; rather, it describes the types of resource 
development actions that could be taken to help achieve the electricity sector targets. The 
2022 Scoping Plan is, ultimately, a source of science-based and policy-informed guidance in 
this area, rather than a source of mandates. 


Other CARB and energy agency planning processes are more appropriate venues for more 
specifically analyzing energy resource development scenarios. For example, the 2022 
Scoping Plan will inform CARB’s approach to setting GHG planning target ranges for the 
electricity sector through 2030, as required by SB 350 (2015). The GHG target range is a 
separate process that provides a foundation for the CPUC’s Integrated Resource Planning 
Process and other energy resource planning and investment decisions as they inform and 
direct the optimal procurement of renewable and zero-carbon resources and transmission 
that consider reliability, climate targets, and ratepayer impacts over the coming years. The 
CPUC's IRP process includes environment and land-use screens as part of capacity expansion 
modeling. The CEC then uses the land use and environmental information assembled from 
these landscape planning efforts to map selected resources to substation busbars for input to 
the California ISO's transmission modeling for their Transmission Planning Process. 


Furthermore, as discussed in the 2021 SB 100 Joint Agency Report,2 future SB 100 reports, 
which are required every four years, will delve deeper into critical topics that include land use 
and other environmental implications. As the report states: 
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“It will be important to incorporate land-use planning into electric system planning to 
consider trade-offs between energy development and conservation of land for 
agricultural, natural lands, or housing. Several geospatial studies, such as NREL’s GIS 
mapping of renewable energy resources, have already screened for locations with high 
renewable energy resource potential in California. However, energy-planning 
processes have not yet been fully integrated with land conservation values to evaluate 
the environmental and system cost and benefit implications of clean energy policies 
and siting decisions. As California considers the more ambitious renewable energy 
goals of SB 100, proactive landscape-scale planning can help identify opportunities for 
renewable energy facility and transmission development while reducing adverse 
effects…As next steps, the joint agencies plan to review methods to include land-use 
impacts in system modeling and assess needs to update previous land-use studies to 
reflect the increased resource requirements of SB 100. Future system modeling and 
land-use impacts must be coordinated with any recommendations from the Climate 
Smart Strategy called for in Executive Order N-82-20 and the AB 32 Scoping Plan.” 


No changes to the First Draft EA are required in response to this comment. 


635-10: The commenter states, “The Scoping Plan includes numerous measures to transition 
various categories of vehicles to electricity or hydrogen fuel sources, and to partly transition 
other vehicle categories to reduce but not eliminate fossil fuel use.47 As with the Facility 
Measures, the EA does not disclose, analyze, or mitigate the physical effects to the 
environment of constructing or operating the required new solar, wind, and battery (“SWB”) 
facilities, hydrogen, hydrogen fuel cell, or biomass fuel power source replacements, or of 
transporting, storing, and dispensing these new vehicular fuel sources at the scale needed to 
achieve Scoping Plan compliance. Please refer to our separate comment on the mandated 
phase-out of internal combustion engines, which is incorporated herein as a comment on the 
EA. 


47  See e.g., Scoping Plan, Table 2-2, at p. 58 (proscribing the following actions: “100 
percent of LDV sales are ZEV by 2035,” “100 percent of medium duty (MD)/HDV sales are 
ZEV by 2040,” “10 percent of aviation fuel demand is met by electricity (batteries) or 
hydrogen (fuel cells) in 2045.”).” 


Response: The comment does not substantiate the opinion that the First Draft EA does not 
analyze and disclose the environmental impacts of solar, wind, and battery facilities, 
hydrogen, hydrogen fuel cell, or biomass fuel power source replacements, or of transporting, 
storing, and dispensing these new vehicular fuel sources at the scale needed to achieve 
Scoping Plan compliance. Contrary to the opinion, the EA adequately analyzes and discloses 
impacts, and incorporates feasible mitigation measure at a programmatic level, as 
appropriate.  


Please refer to Master Response 1. The comment does not raise an issue related to the 
adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 
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635-11: The commenter states, “each paragraph of each lawsuit is separately submitted as a 
comment to this Scoping Plan and EA and attached hereto.”  


Response: The commenter purports to submit each paragraph from each of their lawsuits as 
a separate CEQA comment on the 2022 Scoping Plan. CARB notes that the commenter’s 
sprawling complaints in those two lawsuits are 127 and 198 pages, consisting of 458 and 498 
paragraphs of allegations, respectively. The allegations do not relate to the currently 
proposed 2022 Scoping Plan, so attempting to respond to them in the context of the current 
plan and First Draft EA would not yield meaningful information and could be confusing. The 
lawsuits relate to a different Scoping Plan (from 2017) with different measures and different 
guidance than the 2022 Scoping Plan. The commenter’s claims regarding the 2017 Scoping 
Plan are no longer relevant. The commenter makes no attempt to explain whether or how 
their prior claims relate to the specific Scoping Plan measures or environmental analysis 
undertaken for the 2022 Scoping Plan – and, as mentioned above, they cannot do so given 
their claims regarding the 2017 Scoping Plan are no longer relevant. Moreover, CEQA 
Guidelines Section 15204(a) provides suggestions for how persons and public agencies 
should focus review of draft EIRs: 


In reviewing draft EIRs, persons and public agencies should focus on the sufficiency of 
the document in identifying and analyzing the possible impacts on the environment 
and ways in which the significant effects of the project might be avoided or mitigated. 
Comments are most helpful when they suggest additional specific alternatives or 
mitigation measures that would provide better ways to avoid or mitigate the 
significant environmental effects. At the same time, reviewers should be aware that 
the adequacy of an EIR is determined in terms of what is reasonably feasible, in light of 
factors such as the magnitude of the project at issue, the severity of its likely 
environmental impacts, and the geographic scope of the project. CEQA does not 
require a lead agency to conduct every test or perform all research, study, and 
experimentation recommended or demanded by commenters. When responding to 
comments, lead agencies need only respond to significant environmental issues and 
do not need to provide all information requested by reviewers, as long as a good faith 
effort at full disclosure is made in the EIR. 


Thus, while the comment directs that previous lawsuits are submitted as a comment, without 
more information related to significant environmental issues that may pertain to the 2022 
Scoping Plan EIR, no further response can be provided.  


635-12: The commenter states, “The adverse environmental impacts of mandating VMT 
reductions have been well documented under SB 375, but are wholly and unlawfully ignored 
in the EA. As background, SB 375 expressly establishes a process by which regional GHG 
reduction targets must be established. CARB has published current GHG reduction targets 
on its website.50 The most ambitious SB 375 reduction targets, for the most urbanized 
regions with the most transit service, is 19 percent below 2005 levels by 2035.51 All other 
regions have targets of 16 percent or less and some rural regions have targets below 10 
percent.52 Differing regional targets are consistent with legislatively-mandated SB 375 target 
setting procedures. Also under SB 375, each region is required to develop a plan (a 
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sustainable communities strategy or alternative compliance strategy, collectively referred to 
as “SB 375 Plan”) for achieving these regional GHG reduction targets53; each region has 
done so and has also certified an Environmental Impact Report (“EIR”) or other CEQA 
compliance document (collectively, “EIRs”) for their SB 375 Plan.54 These SB 375 Plan EIRs 
document a staggering list of significant unmitigated adverse impacts to the physical 
environment; the Summary Impact Tables for the most recent of each such SB 375 Plan are 
included as Attachment D here. Like CARB, the regional agencies that adopt SB 375 Plans do 
not approve the commencement of physical (e.g., construction) changes to the environment. 
However, also like CARB, each such regional agency is required by CEQA to disclose the 
environmental impacts associated with such SB 375 Plans, such as substantial increases in 
housing and population densities for existing communities, and substantial shifts in planning 
resources away from roads and highways and into transit, bike paths, and higher density 
development near high frequency public transit to reduce VMT.55 


50  Regional Plan Targets, CARB, available at https://ww2.arb.ca.gov/our-
work/programs/sustainable-communities-program/regional-plan-targets.  


51  See SB 375 Regional Plan Climate Targets, California Air Resources Board, available at 
Regional Plan Targets | California Air Resources Board.  


52  Id.  
53  Id.  
54  See Regional Plans & Evaluations, California Air Resources Board, available at Regional 


Plans & Evaluations | California Air Resources Board.  
55  Id.” 


Response: The comment provides background on VMT reductions and the impacts thereof 
as a part of regional SB 375 plans and corresponding EIRs. Actions to address VMT reduction 
have been included in the Recirculated Draft EA. 


635-13: The commenter states, “C. AB 197 Facility Measures. 


Many of the Measures that CARB proposes to undertake under the authority of AB 197 have 
environmental impacts that have not been disclosed, analyzed, or mitigated in the EA. CARB 
has broad but by no means unfettered authority from the Legislature to select greenhouse 
gas (“GHG”) reduction measures for specified types of “facilities” that emit GHG (“Facility 
Measures”). CARB's selection of which Measures should be applied at what time to what 
types of facilities in this Scoping Plan has direct physical effects on the environment. 
Examples of these industrial facility physical modification requirements include: 


□ 25 percent of Ocean-going Vessels are required to use hydrogen fuel cell electric 
technology by 2045.60 Installation and operation of hydrogen fuel cell electric 
technology fuel depots, supply pipelines, fueling equipment, along with demolition 
and modification of complex Port infrastructure, are reasonably foreseeable 
consequences of implementation of this Measure which the EA ignores. 


□ 75 percent of “Food Product” processing facilities must convert from natural gas to 
“direct or indirect” electricity by 2045.61 Electricity generation can be solar or wind (on 
an intermittent basis), supplemented with batteries, or through hydrogen-based fuel 
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systems, all of which have known but undisclosed and unanalyzed physical impacts to 
the environment. 


□ 100 percent of “Chemicals and Allied Products; Pulp and Paper” facilities must convert 
to hydrogen for “process heat,” and electricity for “all other energy demand by 
2045.”62 As with other industries, these energy source transitions have a physical 
footprint as energy consuming and energy product equipment is modified in complex 
physical plants. 


For some but not all of these Facility Measures, the Scoping Plan expressly acknowledges 
that implementation requires physical changes to the environment, e.g., by noting that 
“[s]ignificant increases in marine imports would likely require significant reconfiguring, 
retrofitting, or replacing of crude pipelines and storage tanks at current marine terminals and 
possible reconfiguring of existing finished fuel infrastructure to account for changes in 
volumes and locations of supply points.”63  


Under CEQA, CARB, as the lead agency has the legal obligation to first disclose, then 
analyze, then mitigate, physical impacts to the environment.64 The level of detail required is 
based on what's known, and what's reasonably foreseeable.65  


The EA fails to disclose the physical impacts to the environment of the Facility Measures, 
including but not limited to construction-phase impacts such as air emissions, and hazardous 
materials and accident risks, onsite operational impacts following Facility modifications, 
indirect impacts such as hazards from intermittent power shortages and offsite impacts if as is 
reasonably foreseeable changes to the existing configuration of electricity and natural gas 
systems as well as the creation of new hydrogen-based energy sources, and cumulative 
impacts from the concurrent construction and reconfiguration of all other Facilities during 
overlapping implementation deadlines. 


61  Id. at p. 61. 
62  Id.  
63  Scoping Plan, at p. 84.  
64  “‘[T]he agency which is to act first on the project in question shall be the lead agency 


(following the principle that the environmental impact should be assessed as early as 
possible in governmental planning).’” Bozung v. Local Agency Formation Com. (1975) 13 
Cal.3d 263, 282, quoting CEQA Guidelines § 15065, subd. (c) (now CEQA Guidelines § 
15051 subd. (c).).  


65  “[A]n agency must use its best efforts to find out and disclose all that it reasonably can.” 
Vineyard Area Citizens for Responsible Growth, Inc. v. City of Rancho Cordova (2007) 40 
Cal.4th 412, 428, as modified (Apr. 18, 2007); see also San Franciscans for Livable 
Neighborhoods v. City and County of San Francisco (2018) 26 Cal.App.5th 596, 614 (“The 
sufficiency of an EIR is to be reviewed in the light of what is reasonably feasible .... The 
courts have [therefore] looked not for perfection but for adequacy, completeness, and a 
good faith effort at full disclosure.” The overriding issue on review is thus ‘whether the 
[lead agency] reasonably and in good faith discussed [a project] in detail sufficient [to 
enable] the public [to] discern from the [EIR] the “analytic route the ... agency traveled 
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from evidence to action.” (internal citations omitted) (citing California Oak Foundation v. 
Regents of University of California (2010) 188 Cal.App.4th 227, 262.)” 


Response: The comment purports to identify impacts associated with specific reasonably 
foreseeable compliance responses to the 2022 Scoping Plan project that were not disclosed 
and analyzed by the First Draft EA. CARB disagrees with the commenter’s assertions, as the 
First Draft EA does disclose and analyze the specific potential impacts identified by the 
comment (specifically construction, demolition, or modification of new or existing facilities 
and associated electricity and fueling infrastructure) at a reasonable and adequate level of 
detail to satisfy the requirements of CEQA, given the statewide, high-level programmatic 
nature of the 2022 Scoping Plan. See Chapter 4 of the First Draft EA for a detailed analysis of 
impacts associated with reasonably foreseeable compliance responses for the 2022 Scoping 
Plan. The 2022 Scoping Plan has the longest planning horizon of any Scoping Plan to date, 
focusing on outcomes the state needs to achieve to be on track to achieve carbon neutrality 
by 2045. With this outcome-focused approach, the 2022 Scoping Plan modeled paths for 
clean technology, energy deployment, nature-based solutions, and other actions rather than 
discrete facility measures. The 2022 Scoping Plan is the state’s vision for attaining its climate 
goals; it is not a regulation. Specific regulatory and project-level approvals will undergo 
environmental review as appropriate when those actions are ultimately considered and 
implemented.  


Please also refer to Master Response 1 regarding the programmatic nature of evaluating 
reasonably foreseeable compliance responses, CARB’s role and other agency responsibilities, 
and the need for subsequent environmental review by lead agencies for specific project 
activities. No changes to the First Draft EA are required in response to this comment. 


635-14: The commenter states, “D. Ban on Housing Affordable to Median Income (80-
120% AMI) Households. 


As described in greater detail in our other comment letters, and in the attached Complaints 
filed against CARB and OPR on behalf of The Two Hundred66, as further validated by Federal 
District Judge Carter's decision in a pending “skid row” homeless lawsuit, Scoping Plan 
measures demand that housing be built at higher densities on previously-developed land in 
neighborhoods with existing high frequency public transit service so new housing residents 
will drive a minimum of 30 percent less than other residents. Some of these Measures are 
directly and immediately activated (e.g., by CEQA lawsuits challenging housing that is 
inconsistent with the Scoping Plan's housing and VMT measures), others are in direct conflict 
with existing laws (e.g., the civil rights law requiring Affirmatively Furthering Fair Housing by 
dispersing new housing throughout California's counties and cities, and within transit-served 
communities dispersing new housing even in driver-dependent lower-density neighborhoods 
that most often house whiter and wealthier single family neighborhoods with more park and 
school amenities).  


The EA fails to disclose, analyze, or mitigate the environmental impacts of imposing radical 
housing measures as climate policies that directly contradict existing civil rights and other 
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housing laws, or have been expressly rejected by the Legislature, as more fully discussed in 
Green Jim Crow: How California's Climate Policies Undermine Civil Rights and Racial Equity.67  


66  See The Two Hundred et al. v. California Air Resources Board et al., (Super. Ct. Fresno 
County), Case No. 18CECG01494, attached hereto as Attachment B and The Two 
Hundred et al., v. The Governor’s Office of Planning and Research et al., (Super. Ct. Sac. 
County.), Case No. 34-2020-80003447-CU-WM-GDS, attached hereto as Attachment C.  


67  J. Hernandez, Green Jim Crow: How California’s Climate Policies Undermine Civil Rights 
and Racial Equity, The Breakthrough, August 21, 2021, available at Green Jim Crow | The 
Breakthrough Institute.” 


Response: The comment mentions pending lawsuits brought by the commenter against 
CARB and OPR. The commenter claims the 2022 Scoping Plan requires measures that, in 
turn, require housing be built at high densities and near frequent public transit service, so 
that new housing residents will drive 30 percent less than other residents. It states that some 
measures would be immediately activated, e.g., by CEQA lawsuits challenging housing 
inconsistent with the 2022 Scoping Plan. Furthermore, the commenter indicates these 
measures conflict with existing laws such as CEQA and Affirmatively Furthering Fair Housing. 
Additionally, the commenter claims the First Draft EA fails to disclose, analyze, or mitigate 
the environmental impacts of these claimed housing measures.  


These arguments are not supported by substantial evidence and are not an accurate 
representation of the 2022 Scoping Plan’s measures, nor of their legal effect. The 2022 
Scoping Plan does not, and cannot, prescribe whether, how much, or where housing can be 
built; those decisions are left to local jurisdictions. In discussing VMT, the 2022 Scoping Plan 
does not draw a distinction between “new housing residents” and “other residents” nor 
does it set a target of 30 percent less driving from the “new housing residents,” nor is it clear 
where this figure is drawn from. Appendix E outlines a broad suite of strategies, including 
many that do not focus exclusively on infill but also on other climate-friendly, transportation-
efficient areas appropriately planned for growth. The Appendix E strategies broadly seek to 
facilitate less auto-dependent lifestyles for all Californians. For example, Appendix E 
envisions improving access to transportation choices and “improving the balance of housing, 
employment, shopping, and other key services within any given community” (page E-23). Nor 
does the 2022 Scoping Plan demand that new development be limited to infill areas near 
high-frequency transit. (See answer to comment below.) Also refer to Master Response 1. 


Appendix E describes the need to address two of California’s greatest challenges: meeting 
climate goals and “building more inclusive and equitable places that prioritize providing low-
income and Black, Indigenous, and People of Color (BIPOC) communities all the necessary 
opportunities to thrive and repairing the harms caused by decades of discriminatory 
transportation, land use, and housing policies and practices to people of low-income and 
BIPOC communities” (page E-3). Section 2.3 of Appendix E addresses how moving away 
from transportation and land use patterns that have marginalized and divided communities 
would ease inequitable burdens on California’s low-income and BIPOC communities, and it 
speaks to the need for shifting California’s development patterns to achieve the goal of 
“making livable, affordable homes with multi-modal connections to jobs, services, open 
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space, and education available to all Californians, not just the white and the wealthy” (page 
E-6). Section 2.4 outlines how reducing the need to drive advances other quality of life 
outcomes and opportunities for these communities by helping to reduce financial burdens, 
providing better access to economic and social opportunities, and enabling greater 
economic efficiency.  


Furthermore, CEQA includes several “streamlining” provisions and exemptions for affordable 
housing, including agricultural employee housing and low-income housing; that are designed 
to help alleviate commenter’s concerns. (See, e.g., Public Resources Code §§ 21159.21, 
21159.22, 21159.23, 21159.24, and 21159.28; see also Gov. Code § 65913.4.) Additionally, 
Appendix D assists lead agencies with making a determination of whether residential 
projects are consistent with the 2022 Scoping Plan, and Appendix E includes numerous 
objectives and actions to support affordable housing and emissions reductions. For example, 
Appendix E includes an action to accelerate production of affordable housing in forms and 
locations that advance VMT reduction and affirmatively further fair housing policy objectives. 
To the extent commenter is asserting that existing legally-mandated regulatory programs 
that are already in place, but discussed in the 2022 Scoping Plan, are driving the claimed 
impacts, those programs have already been analyzed under CEQA in prior rulemakings and 
plan decisions. The commenter does not appear to have participated in these processes. The 
commenter also seems to misunderstand the fundamental nature of the 2022 Scoping Plan. 
“The Scoping Plan adopted pursuant to AB 32 is a plan for reducing greenhouse gas 
emissions, but does not itself establish the regulations by which it is to be implemented; 
rather, it sets out how existing regulations, and new ones yet to be adopted at the time of 
the 2022 Scoping Plan, will be used to reach AB 32's emission reduction goal.” Center for 
Biological Diversity v. California Dept. of Fish and Wildlife (2015) 62 Cal.4th 204, 222. 
Furthermore, many of the 2022 Scoping Plan aspects referred to by the commenter are not 
future regulatory actions; rather, they are policy recommendations provided to guide future 
action by other agencies with jurisdiction over land use and housing development. Thus, 
impacts associated with specific rulemakings already adopted, or more specific impacts 
associated with future (sometimes speculative) actions, need not be further analyzed in this 
programmatic document. Accordingly, please see the certified regulatory program 
documents associated with those programs. No changes to the First Draft EA are required in 
response to this comment. 


635-15: The commenter states, “The specific locations of these high frequency transit areas 
are known to CARB in the Sustainable Communities Strategies required to be submitted 
under SB 375. The relocation of housing density - prohibiting housing in most counties, cities 
and neighborhoods that do not have high frequency public transit - in contravention of state 
and local law has known environmental impacts, ranging from massive amounts of demolition 
and new construction in targeted areas, to increased exposure to urban pollutants, higher 
temperatures, and other impacts.68 The EA fails to disclose, analyze, or mitigate these 
Scoping Plan housing, natural and working lands, and VMT measure impacts on housing, 
population, and employment. 
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68  See, e.g., Judge Glock, The Environmental Case for Suburbia 2022, Breakthrough 
Institute, available here https://urbanreforminstitute.org/2022/02/sprawl-is-good-the-
environmental-case-for-suburbia/ and attached hereto as Attachment F.” 


Response: The commenter claims the 2022 Scoping Plan relocates housing density and 
prohibits housing in areas without high frequency public transit. Additionally, the commenter 
claims the First Draft EA fails to disclose, analyze, or mitigate the environmental impacts of 
these housing measures.  


The 2022 Scoping Plan neither requires any particular type of development pattern, nor 
establishes specific SB 375 targets, nor approves or disapproves any development project. 
The 2022 Scoping Plan does not, and cannot, prescribe whether, how much, or where 
housing can be built; those decisions are left to local jurisdictions. It does not require new 
housing be associated with high frequency transit areas nor prohibit housing in locations that 
lack it (or in any other location, for that matter), and speaks to the need for “inclusive urban, 
suburban, and rural communities throughout the many regions of California” (page E-3) and 
to “accelerate production of a greater diversity of housing types in climate-smart locations,” 
referencing the State Housing Plan (Strategy Area 4).  


California currently faces both a housing and a climate crisis and the 2022 Scoping Plan and 
Appendix E provide a suite of objectives and actions that could address the housing crisis 
and the climate crisis simultaneously. Appendix E describes the need to address two of 
California’s greatest challenges: meeting climate goals and “building more inclusive and 
equitable places that prioritize providing low-income and Black, Indigenous, and People of 
Color (BIPOC) communities all the necessary opportunities to thrive and repairing the harms 
caused by decades of discriminatory transportation, land use, and housing policies and 
practices to people of low-income and BIPOC communities” (page E-3). Section 2.3 and 
Section 2.4 of Appendix E address how moving away from transportation and land use 
patterns that have marginalized and divided communities would ease inequitable burdens on 
California’s low-income and BIPOC communities and outline how reducing the need to drive 
can reduce financial burdens, provide better access to opportunities, and greater economic 
efficiency for these communities. Additionally, Appendix E identifies actions such as 
accelerating, preserving, and protecting affordable housing and delivering equitable 
improvements in accessibility for vulnerable communities. The 2022 Scoping Plan articulates 
the current state of greenhouse gas emissions data and describes the importance of careful 
analysis of greenhouse gas impacts, consistent with governing law. No further analysis of 
particular project impacts is required, as these are beyond CARB’s jurisdiction, and would be 
entirely speculative. No changes to the First Draft EA are required in response to this 
comment. 


635-16: The commenter states, “The Scoping Plan and related EA must be revised and 
recirculated to clearly and separately identify, and analyze, the AB/SB 32 40 percent target 
measures.” 


Response: Health and Safety Code Section 38561(h) directs CARB to “update its plan for 
achieving the maximum technologically feasible and cost-effective reductions of greenhouse 
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gas emissions at least once every five years.” The 2022 Scoping Plan, as described in the 
supporting First Draft EA and Recirculated Draft EA, does update the California’s plan for 
achieving the maximum technologically feasible and cost-effective reductions of greenhouse 
gas emissions. The 2022 Scoping Plan describes recommendations for actions to achieve the 
State’s GHG emissions reductions targets, which include the SB 32 target of at least 40 
percent GHG reductions by 2030 from the 2020 statewide limit developed under AB 32. The 
project description in the Recirculated Draft EA accurately reflects the project, which in turn 
accurately reflects legislative and executive direction to CARB. Accordingly, no changes to 
the First Draft EA are required in response to this comment. 


635-17: The commenter states, “VI. The EA Fails to Evaluate or Disclose the Impacts that 
Measures Will have on Urban Decay and Blight 


Implementation of the Scoping Plan Measures listed above and many others will cause 
certain employers to go out of business, causing job loss and deterioration of existing 
facilities – economic and physical blight. “CEQA requires urban decay or deterioration to be 
considered as an indirect environmental effect of a proposed project” and the lead agency 
must analyze this environmental impact where the project is likely to cause a “downward 
spiral of business closures, vacancies and deterioration.”69 CARB must fully analyze the 
impacts that the Measures will have on urban decay “when the economic or social effects of 
a project cause a physical change.”70  


For example, the “Increase in Renewable Energy and Decrease in Oil and Gas Use Actions”71 
group of measures could result in job loss at natural gas plants, pipelines, and oil and gas 
extraction facilities. The ERM Report estimates that, under the HES, “[t]he assumed 86 
percent decline in petroleum demand in 2050 may lead to up to 179,000 job losses, 
including over 7,000 jobs in the San Joaquin Valley specifically.”72 “Labor income for the oil 
and gas industry could decline by $13.4 billion (57 percent), with a $34.1 billion decline in 
GDP (63 percent). Total output may decrease by $100 billion (69 percent), decreasing state 
and local tax revenue by $14.2 billion.”73 Loss of major employers will lead to economic 
blight that itself creates adverse environmental impacts on the environment, including 
physical deterioration of both plant sites, refinery operations, and retail stores reliant on this 
industry.74 Loss of state and local tax revue on such a large scale could also result in 
degradation of local infrastructure, contributing to environmental impacts caused by urban 
decay. Since the Scoping Plan Measures will impact these industries by causing facility 
shutdown and job loss, the Scoping Plan needs to analyze the impacts of the project on 
urban decay.  


69  Bakersfield Citizens for Local Control v. City of Bakersfield (2004) 124 Cal.App.4th 1184, 
1205, citing Citizens Assn. for Sensible Development of Bishop Area v. County of Inyo 
(1985) 172 Cal.App.3d 151 and Citizens for Quality Growth v. City of Mt. Shasta (1988) 
198 Cal.App.3d 433, 445–446. 


70  Bakersfield Citizens for Local Control v. City of Bakersfield (2004) 124 Cal.App.4th 1184, 
1205, citing CEQA Guidelines § 15064 (e).  


71  EA, at p. 18-19.  
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72  ERM Report, at p. 2.; see also id. at 54 (“The California oil and gas industry contributes to 
over 365,000 jobs and $21.6 billion in state and local taxes.”).  


73  Id.  
74  Oil & Gas In California: The Industry, Its Economic Contribution and User Industries at 


Risk, 2019 Report, Los Angeles County Economic Development Corporation, available at 
Oil and Gas Industry in California: 2019 Report - Los Angeles County Economic 
Development Corporation (laedc.org) (detailing the jobs, facilities, tax bases supported).” 


Response: The comment does not substantiate the opinion that the 2022 Scoping Plan 
measures would create urban decay as a result of employers going out of business, job loss, 
and deterioration of existing facilities. While some oil and gas industries could result in job 
losses, the increase or establishment of other industries as a result of the 2022 Scoping Plan 
could create new, increased employment opportunities in renewable electricity and 
hydrogen production, as well as NWL-related industries and sectors. Loss of employers does 
not automatically result in deterioration of facilities and urban decay, the same way that 
construction of new facilities does not automatically result in significant aesthetic impacts. 
The commenter also does not explain how job losses at natural gas plants, pipelines, and oil 
and gas extraction facilities would lead to urban decay. There must be a direct causal effect 
from the loss of employers to the physical deterioration that may result. The comment does 
not provide any evidence that such impacts could potentially occur, only unsubstantiated 
opinion. No changes to the First Draft EA are required in response to this comment. 


635-18: The commenter states, “VII. The EA’s Mitigation Measures Are Unlawful. 


As shown above, the EA fails to apprise the public of the environmental impacts of the 
Scoping Plan because it conducts a sparse, vague, and incomplete analysis of the 
environmental impacts of the selected Measures. Beyond this, the mitigation measures and 
general mitigation approach that CARB has identified breaks nearly every rule in the CEQA 
handbook, failing, on even a basic level, to demonstrate that they will “[p]revent significant, 
avoidable damage to the environment.”75 First, the EA’s basic approach to mitigation, relying 
on enforcement of laws by other regulators, fails because the EA neglects, as a preliminary 
matter, to disclose which impacts need to be mitigated. Second, the EA unlawfully defers 
mitigation measures until a later time76 and, third, fails to create specific performance 
standards for the mitigation measures77. 


75  CEQA Guidelines § 15002(a)(3).  
76  CEQA Guidelines, § 15126.4, subd. (a)(1)(B).  
77  Oakland Heritage Alliance v. City of Oakland (2011) 195 Cal.App.4th 884, citing California 


Native Plant Society v. City of Rancho Cordova (2010) 172 Cal.App.4th 603.” 


Response: Please refer to Master Response 1 regarding the specificity, level of detail, and 
CARB’s authority to mitigate impacts.  


CEQA Guidelines Section 15126.4(a)(1) requires an EIR to describe feasible measures to 
minimize significant adverse impacts. The mitigation measures must not be deferred until 
some future time; however, the specific details of a mitigation measure may be developed 
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after project approval if the agency 1) commits itself to the mitigation, 2) adopts specific 
performance standards the mitigation will achieve, and 3). identifies the types of potential 
actions that could feasibly achieve that performance standard (CEQA Guidelines Section 
15164.4[a][1][B]). The First Draft EA contains a good-faith effort to disclose impacts and 
provide mitigation measures that would reduce significant impacts. However, because the 
authority to determine project-level impacts and require project-level mitigation lies with 
land use and/or permitting agencies for individual projects, and the programmatic level of 
analysis associated with the First Draft EA does not attempt to address project-specific 
details of mitigation because there is inherent uncertainty in the degree of mitigation that 
may ultimately be implemented to reduce potentially significant impacts. While the type of 
potential actions that could feasibly reduce significant environmental effects is described 
throughout the EA, because the evaluation of specific projects would be subject to the 
discretion of local land use authorities, CARB cannot commit itself to the mitigation and 
adopt performance standards. Thus, the First Draft EA appropriately contains the 
conservative approach of assuming potentially significant and unavoidable in many cases for 
impacts related to the reasonably foreseeable compliance responses of the 2022 Scoping 
Plan.  


635-19: The commenter states, “A. The EA’s Approach to Mitigation Is Inadequate 
because the Scoping Plan’s Environmental Impacts Have Not Yet Been Adequately 
Evaluated and Disclosed 


The EA relies on compliance with already established laws and regulatory programs to 
mitigate the environmental impacts of the 2022 Scoping Plan Measures, repeatedly citing to 
the EA’s Environmental and Regulatory Setting Description in its own Attachment A.78 
Without first disclosing the impacts of the proposed Measures to the public, to the extent 
possible, the efficacy of CARB’s approach to mitigation through reliance on established laws 
cannot be demonstrated: “…[c]ompliance with a regulatory permit or other similar process 
may be identified as mitigation if compliance would result in implementation of measures 
that would be reasonably expected, based on substantial evidence in the record, to reduce 
the significant impact to the specified performance standards.”79 CARB must fully analyze the 
impacts of all twelve groups of Table 2 Measures in order to demonstrate that these 
Mitigation Measures are adequate. For example, the impacts of the following Measures have 
not been analyzed in the EA: 


□ Forest, Shrubland, and Grassland Management Actions: Table 2-2 proposes “Forest, 
Shrubland, and Grassland Management Actions” to decrease emissions from our 
Natural and Working lands (“NWL”).80 This includes, among other actions, mechanical 
thinning of forests, targeted herbicide uses, and prescribed burns meant to mitigate 
the severity of wildfires.81 The following potential impacts have not been disclosed or 
considered in the EA, such that it is impossible to know whether compliance with all 
applicable laws and regulations will be effective mitigation. 
□ While proposing and encouraging the use of herbicide in forest management, the 


EA fails to consider specific known impacts of herbicide use on biological 
resources, water quality, soil quality, and impacts on human health.82 Regarding 
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biological resources, the impacts of glyphosate on flora can be catastrophic: 
“[e]xcessive glyphosate application has been linked to disease development in 
many crops.”83 “Glyphosate can also predispose plants to diseases indirectly by 
reducing the overall growth and vigor of the plants, modifying soil microflora that 
affects the availability of nutrients required for disease resistance, and altering the 
physiological efficiency of plants.”84 With respect to soil quality and water quality, 
“[g]lyphosate has an affinity to bind to soil particles and thus mostly accumulates in 
the top-soil layers,” but has also been “found to transport deep into the soil and 
leach out with drainage water.”85 In humans, exposure to glyphosate has been 
shown to cause infertility, birth defects and other hormone disorders.86 Without 
having disclosed these impacts, the public cannot know whether CARB’s approach 
to mitigation is effective. 


□ The EA fails to consider specific known environmental impacts of mechanical forest 
thinning87 and prescribed burns on biological resources.88 CARB only vaguely 
gestures at these impacts, anticipating that these will have potentially significant 
impacts to biological resources by causing “modifications to existing habitats,” 
“interference with wildlife movement or wildlife nursery sites,” “loss of or 
disturbance to special-status species,” and conflicting with various habitat 
conservation plans.89 CARB neglects to provide details about the specific species 
that forest thinning and prescribed burns could impact, even though the locations 
of these burns could be reasonably ascertained by looking at the California 
Vegetation Control Treatment Plan.90 


78  See e.g., EA, Mitigation Measure 1.a, at pp 36-37, Mitigation Measure 2.a, at pp. 53-55.  
79  CEQA Guidelines 15126.4 (a)(1)(B) (emphases added).  
80  Scoping Plan, Table 2-2, at p 64.  
81  EA, at p. 25.  
82  See Statement of Overriding Considerations for the California Vegetation Treatment 


Program, Final Program EIR, Board of Forestry and Fire Protection, available at ceqa-
template-findings_soc-508-compliant.dotx (live.com).  


83  R. Kanissery et al. Glyphosate: Its Environmental Persistence and Impact on Crop Health 
and Nutrition, Plants vol. 8,11 499, November 13, 2019, available at Glyphosate: Its 
Environmental Persistence and Impact on Crop Health and Nutrition - PMC (nih.gov).  


84  Id.  
85  Id.  
86  K. Gandhi et al., Exposure risk and environmental impacts of glyphosate: Highlights on 


the toxicity of herbicide co-formulants, Environmental Challenges, Volume 4, August 
2021, available at Exposure risk and environmental impacts of glyphosate: Highlights on 
the toxicity of herbicide co-formulants - ScienceDirect.  


87  R. Graham et al.. The effects of thinning and similar stand treatments on fire behavior in 
Western forests. Gen. Tech. Rep. PNW-GTR-463. Portland, OR: U.S. Department of 
Agriculture, Forest Service, Pacific Northwest Research Station (1999), available at 
https://www.fs.fed.us/pnw/pubs/pnw_gtr463.pdf; G. Moreau et al., Opportunities and 
limitations of thinning to increase resistance and resilience of trees and forests to global 
change, Forestry: An International Journal of Forest Research, 2022, available at 
Opportunities and limitations of thinning to increase resistance and resilience of trees and 
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forests to global change | Forestry: An International Journal of Forest Research | Oxford 
Academic (oup.com).  


88  See : W. Block et al., Effects of Prescribed Fire on Wildlife and Wildlife Habitat in Selected 
Ecosystems of North America. The Wildlife Society Technical Review 16-01. The Wildlife 
Society, Bethesda, Maryland, USA (2016), available at TechManual16-01FINAL.pdf 
(wildlife.org).   


89  EA, at p. 78-79.  
90  California Vegetation Treatment Program, Final Program EIR, Board of Forestry and Fire 


Protection, available at Welcome to CalVTP Programmatic EIR.  


Response: The impacts of Forest, Shrubland, and Grassland Management Actions are 
analyzed in Chapter 4 of the First Draft EA. Please refer to Master Response 1, regarding the 
level of specificity required. 


635-20: The commenter states, “ 


□ Agricultural Actions: Table 2-2 proposes Measures to “[r]educe short-lived climate 
pollutants,” “[i]ncrease soil water holding capacity,” and”[i]ncrease organic farming 
and reduce pesticide use.”91 According to the EA, these Measures include “reduced 
till practices, cover cropping, transitioning to organic agriculture, and compost 
application.”92 The following potential impacts have not been disclosed or considered 
in the EA, such that it is impossible to know whether compliance with all applicable 
laws and regulations will be effective mitigation. 


□ The EA fails to consider the impact of increasing the agricultural 
dependence on composting on energy resources, odors, and air quality. 
Specifically, the EA does not describe the extensive research on the 
increased emission volatile organic compounds (“VOCs”) on our working 
farms that result will from increased compost use.93 Not only can these VOCs 
react with other precursors to make criteria pollutants, but they can release 
noxious odors that disproportionately impact the low-income and minority 
groups that live adjacent to agricultural lands.94 While the EA proposes 
compliance with other state laws as a general approach to Mitigation, the 
public cannot be sure that this Mitigation will be effective without adequate 
disclosures of these impacts. Furthermore, the composting programs 
created by SB 1318 do not guarantee that compost will not be 
contaminated with pesticides or other hazardous chemicals.95 The EA 
discloses no state infrastructure available to ensure that the compost 
applied to agricultural lands is free of these hazards.  


□ The EA also does not consider the negative environmental impacts of 
increased organic farming. Organic farming can have significant 
environmental impacts to soils, land use, and air quality.96 Broadly, organic 
farming may cause a reduction in soil profile soil organic carbon stocks and 
may require that more overall land be used for crop agriculture due to lower 
crop yields.97 One study showed that 40 percent more land is needed with 
organic farming to produce the same crop yield as using conventional 
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methods.98 Studies have also found that increased use of organic farming 
may actually cause air quality impacts as well: “[d]irect GHG emissions are 
reduced with organic farming, but when increased overseas land use to 
compensate for shortfalls in domestic supply are factored in, net emissions 
are greater.”99 Without proper disclosure of these impacts, among 
numerous others, the public will not know whether CARB’s approach to 
mitigation is effective. 


91  Scoping Plan, Table 2-2, at p 65.  
92  EA, at p. 25. 
93  Composting Emissions and Air Permits, CalRecycle, available at Composting Emissions 


and Air Permits - CalRecycle Home Page (“actively composting piles of organic 
feedstocks emit volatile organic compounds (VOC), which can react in the atmosphere 
with oxides of nitrogen (NOx) to make ground-level ozone, a criteria pollutant. VOCs can 
also react with ammonia (NH 3) to create fine particulates (alternatively referred to as 
particulate matter (PM 2.5), another criteria pollutant). VOCs are a class of more than 
1,000 chemicals with greatly varying degrees of reactivity and toxicity.”).  


94  Id.; see also A. Kumar et al., Volatile organic compound emissions from green waste 
composting: Characterization and ozone formation, Atmospheric Environment, Volume 
45, Issue 10, 2011, available at 
https://linkinghub.elsevier.com/retrieve/pii/S1352231011000215.  


95  See Pesticide/Herbicide Residues in Compost - CalRecycle Home Page  
96  K. Lorenz, R. Lal, Environmental Impact of Organic Agriculture, Carbon Management and 


Sequestration Center, School of Environment and Natural Resources, College of Food, 
Agricultural, and Environmental Sciences, The Ohio State University (2016), available at 
Environmental Impact of Organic Agriculture (osu.edu).  


97  Id. at p. 46.  
98  H. Treu et al., Carbon footprints and land use of conventional and organic diets in 


Germany, Journal of Cleaner Production, Volume 161, 2017.  
99  L.G. Smith, et al. The greenhouse gas impacts of converting food production in England 


and Wales to organic methods. Nat Commun, 10, 4641 (2019).” 


Response: The First Draft EA addresses odors associated with composting activities in 
Impact 3.c: Long-Term Operation-Related Effects on Odor Effects. This discussion has been 
modified to provide some clarification in the last paragraph on page 89 of the Final EA: 
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In response to the 2022 Scoping Plan, new and expanded organic waste 
recovery facilities would be operated throughout the state. Adverse odors 
potentially affecting nearby sensitive receptors could be generated by activities 
performed at these facilities, including the handling of feedstock materials, and 
from the off-gassing of odors generated during the decomposition of organic 
materials. Odor control techniques used during operations at outdoor compost 
facilities and greater use of enclosed compost facilities with structural odor 
controls can substantially reduce odor generation. Finished compost applied to 
agricultural and other land uses could also create objectionable odors 
perceptible by nearby sensitive receptors. Because standardized use of odor 
control techniques is variable, . Oodor impacts related to the 2022 Scoping Plan 
would be potentially significant. 


As indicated in Table 4-9 of the Final EA, Mitigation Measure 3.c.3 is included to address 
potential odor emissions. This mitigation measure required development of an odor 
management plan, and provides a long list of possible strategies to reduce odors from 
composting activities. As noted on page 92 of the Final EA, odor impacts would not be 
reduced to a less-than-significant level through implementation of Mitigation Measure 3.c.3, 
because of uncertainties in the degree of odor reduction required by agencies approving the 
facilities. Thus, odor impacts from composting activities are identified as significant and 
unavoidable in the Final EA.  


The changes shown above provide clarification and do not change the severity of significant 
and unavoidable impacts related to odor emissions from composing. 


In response to the suggestion that increased use of compost on farms would increase VOC 
emissions, published scientific literature (including those cited in the comment letter) does 
not indicate that compost application or use is expected to result in increased VOC 
emissions. VOC impacts of compost application and use are not expected to be significant 
and are therefore not included in the First Draft EA. Rather, VOC impacts of compost 
production at composting facilities may be significant and are disclosed in the First Draft EA 
within Section 3.b. Further, some research84 indicates that composting results in lower 
emissions of VOCs than if materials are allowed to naturally decay, and CARB has estimated85 
that composting reduces VOC emissions relative to landfilling by at least 0.5 lbs per ton 
waste. 


In regard to compost contamination, as discussed in the last paragraph on page 160 of the 
First Draft EA: 


 
84 Fatih Büyüksönmez & Jason Evans (2007) Biogenic Emissions from Green Waste and Comparison to the 
Emissions Resulting from Composting Part II: Volatile Organic Compounds (VOCs), Compost Science & 
Utilization, 15:3, 191-199, DOI: 10.1080/1065657X.2007.10702332. Available at 
https://calrecycle.ca.gov/organics/air/  
85 See ROG Flare Combustion Emission Factor – Greenwaste and Foodwaste 
https://ww2.arb.ca.gov/sites/default/files/auction-proceeds/calrecycle_organics_finalcalc_6-15-20.xlsx 



https://doi.org/10.1080/1065657X.2007.10702332

https://calrecycle.ca.gov/organics/air/
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The composting process used at such facilities releases water that may contain 
nutrients, metals, salts, pathogens, and oxygen-reducing compounds. Without proper 
management, these compounds can be carried into surface waters or can leach into 
groundwater, causing water quality degradation. However, California regulates 
composting and other organic waste recovery operations through the issuance of 
WDRs, which include a suite of protections to ensure that stormwater and water 
generated by the composting process is managed in a manner that prevents 
degradation of surface water and groundwater.  


The 2022 Scoping Plan is not suggesting a wholesale prohibition on conventional farming 
practices. Under the 2022 Scoping Plan, approximately 65,000 acres are transitioned annually 
to organic farming, resulting in 20% of statewide annual croplands operating under organic 
practices by 2045. Thus, a significant portion of annual croplands will remain under 
conventional practices. Additionally, the acres modeled in the 2022 Scoping Plan are only 
recommendations to achieve the level of emissions reductions in the 2022 Scoping Plan and 
are not intended to establish goals or targets for CARB or other agencies to implement. 
Coordination between CARB, other lead agencies, stakeholders, and local experts will be 
necessary to incentivize the implementation of the management strategies identified in the 
2022 Scoping Plan. Published scientific literature indicates that more carbon is sequestered 
into soil organic matter of annual croplands under organic farming practices compared to 
conventional farming practices. For the 2022 Scoping Plan NWL analysis, the literature 
estimates were used to estimate the increase in statewide soil organic carbon sequestration 
from transitioning annual croplands to organic farming practices.  


In response to suggestions that organic farming may increase the degree to which farmland 
is required to meet demanded crop yields, an increase in land required for agricultural 
production is not necessarily an adverse environmental impact. Rather, the conversion of 
agricultural lands to nonagricultural uses is considered an adverse environmental impact. 
Furthermore, it is speculative to assume that increases to organic farming practices would 
cause a decrease in crop yield such that substantial land conversion would be necessary. 
Organic farming practices would be subject to economic considerations and other factor 
determined by the producers, and the extent to which land is zoned for agricultural use is 
subject to long-term planning considerations determined by local agencies.  


635-21: The commenter states, “B. EA Unlawfully Defers Mitigation to Future Third Party 
Agency Actions. 


“Formulation of mitigation measures shall not be deferred until some future time.”100 A lead 
agency “evade[s] its duty to engage in a comprehensive environmental review by approving 
the [project] subject to a condition requiring future regulatory compliance” because this 
“effectively remove[s] this aspect of the project from environmental review.” 101 It is 
inadequate and deferred mitigation, therefore, to entrust the other regulatory bodies and 
the project applicant will just work out a solution to environment impacts in the future 
because “reliance on tentative plans for future mitigation after completion of the CEQA 
process significantly undermines CEQA's goals of full disclosure and informed decision 
making.”102 Therefore, CARB’s overreliance on compliance with regulatory programs and 
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future CEQA review constitutes deferred mitigation. For example, the following Mitigation 
Measures defer mitigation to other regulatory bodies in a manner that is impermissible - and 
scores of other “mitigation” in the EA suffer from the same deficiency. 


□ Mitigation Measures 3.c.1 and 3.c.3 propose to mitigate odor associated with 
“development of new or expanded organic material composting, digestion and/or 
other facilities throughout the state” through future CEQA review and through 
compliance with the SB 1813 SLCP EIR. Both Mitigation Measures require creation of 
Odor Impact Minimization Plans (“OIMP”).103 However, these are merely “tentative 
plans for future mitigation” and defer the mitigation to CalRecycle without creating 
any concrete requirements. 


□ Mitigation Measure 9.b.1 requires compliance with applicable laws and regulations in 
order to mitigate impacts from hazards. The EA states that, although there could be 
potential hazards impacts from Measures in the “Improvements to Oil and Gas 
Facilities Actions” that promote conveyance of methane, these impacts would be 
mitigated because “collected vapors may be injected into existing, permitted 
underground wells,” and those wells must be in compliance with UIC permit 
requirements.104 This is deferred mitigation because it puts the onus of ensuring no 
hazards impacts on CalGEM or EPA, concluding that, through the UIC permit process, 
there would be reduced impacts with little to no analysis.105 


□ Mitigation Measures 1.a, 2.a, 3.a, 4.a, 5.a, 7.a, 9.a, 10.a, 11.a, and 13.a all assume that 
impacts will be mitigated because state and local government will complete CEQA 
review for all “new development and new facilities and structures constructed…” 
wherein they will require that proponents implement all feasible mitigation to reduce 
or substantially lessen the potentially significant … impacts of the project.”106 This is 
deferred mitigation because it assumes that, through CEQA processes, project 
proponents and lead agencies in the future will come up with solutions to these 
impacts. The Mitigation Measures thus allow CARB to skip any meaningful review of 
these reasonably foreseeable impacts where a future lead agency has no concrete 
standard against which to measure mitigation or no opportunity to mitigate because 
the project is exempt from CEQA. These Mitigation Measures assume that every 
single project that is the result of Scoping Plan implementation is subject to CEQA, 
when in fact, many infrastructural projects and programs are exempt from CEQA. For 
example, CEQA provides statutory exemptions for the following projects which the 
Scoping Plan could cover: modifications to existing facilities, minor infrastructure 
projects, increase passenger or commuter services on rail or highway rights107, various 
minor transit projects108, work on pipelines less than eight miles in length109 and certain 
water infrastructure110, just to name a few. Therefore, certain impacts from 
modifications to existing facilities pursuant to the Scoping Plan’s “Improvements to Oil 
and Gas Facilities Actions” that are purportedly mitigated by CEQA compliance could 
potentially be exempt.111 


100 CEQA Guidelines § 15126.4. 
101 Sundstrom v. County of Mendocino (1988) 202 Cal.App.3d 296, 309.  
102 Id. (“By adopting the condition that applicant would comply with environmental standards 


for sludge disposal, the county effectively removed this aspect of the project from 
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environmental review, trusting that the Regional Water Quality Control Board and the 
applicant would work out some solution in the future.”) and Communities for a Better 
Environment v. City of Richmond (2010) 184 Cal.App.4th 70, 92, citing Gentry v. Murrieta 
(1995) 36 Cal.App.4th 1359, 1396, (conditioning a permit on “recommendations of a 
report that had yet to be performed” constituted improper deferral of mitigation), 
Defend the Bay v. City of Irvine (2004) 119 Cal.App.4th 1261, 1275 (deferral is 
impermissible when the agency “simply requires a project applicant to obtain a biological 
report and then comply with any recommendations that may be made in the report”), 
Endangered Habitats League, Inc. v. County of Orange (2005) 131 Cal.App.4th 777, 794 
(“mitigation measure [that] does no more than require a report be prepared and 
followed, ... without setting any standards” found improper deferral), Quail Botanical 
Gardens Foundation, Inc. v. City of Encinitas (1994) 29 Cal.App.4th 1597, 1605, fn. 4 (city 
is prohibited from relying on “post approval mitigation measures adopted during the 
subsequent design review process”).  


103 EA, at pp. 74-77.  
104 EA, at p. 141-42. 
105 Id.  
106 See e.g., EA, at p. 36, regarding aesthetic impacts.  
107 Cal. Pub. Res. Code § 21080(b).  
108 Cal. Pub. Res. Code § 21080.25.  
109 Cal. Pub. Res. Code § 21080.23.  
110 Cal. Pub. Res. Code § 21080.47. 
111 See e.g., EA, at p. 134-35.” 


Response: Deferred mitigation refers to the practice of putting off the precise determination 
of whether an impact is significant, or precisely defining required mitigation measures, until a 
future date. The First Draft EA is intended to provide CEQA compliance for CARB’s approval 
of the proposed 2022 Scoping Plan. A local lead agency that may consider implementation 
of the reasonably foreseeable compliance responses related to the 2022 Scoping Plan would 
be required to address CEQA requirements for the proposed project before them. The First 
Draft EA discloses the potential for indirect significant impacts resulting from the reasonably 
foreseeable compliance responses of the 2022 Scoping Plan and presents feasible mitigation 
measures in as much detail as can be provided at a statewide level of analysis. Nevertheless, 
public agencies may come to similar conclusions with regard to the significance of 
environmental impacts and types of required mitigation measures. However, in cases where 
CARB has determined that mitigation measures are necessary to reduce impacts to a less-
than-significant level, because of the uncertainty related to the significance of environmental 
impacts and degree to which mitigation measures would be required by a local lead agency 
the First Draft EA concludes that these impacts would be significant and unavoidable.  


The mitigation measures presented in the First Draft EA provide recognized practices that 
are routinely required to avoid and/or minimize environmental impacts. Because the 
mitigation measures that are beyond CARB’s authority cannot be enforced by CARB, many 
impacts are considered in the First Draft EA to be potentially significant and unavoidable. 
And because the programmatic level of analysis associated with the First Draft EA does not 
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attempt to address project-specific details of mitigation, there is inherent uncertainty in the 
degree of mitigation that may ultimately by implemented to reduce potentially significant 
impacts (stated throughout Chapter 4 of the First Draft EA). Thus, mitigation is not deferred.  


635-22: The commenter states, “C. The EA’s Mitigation Measures Are Inadequate because 
they Lack Specific Performance Standards 


“[F]or kinds of impacts for which mitigation is known to be feasible, but where practical 
considerations prohibit devising such measures early in the planning process ..., the agency 
can commit itself to eventually devising measures that will satisfy specific performance 
criteria articulated at the time of project approval. Where future action to carry a project 
forward is contingent on devising means to satisfy such criteria, the agency should be able to 
rely on its commitment as evidence that significant impacts will in fact be mitigated.”112 The 
following Mitigation Measures are representative of the scores of mitigation measures that 
lack specific performance standards, and could be made more concrete to ensure adequate 
mitigation: 


□ Mitigation Measure 2.a suggests that the impacts of construction on agricultural and 
forest resources could be mitigated through compliance with CEQA for each 
individual projects and then lists measures that an EIR should include to minimize 
impacts on agricultural and forestry resources. These include: 


o “Avoid lands designated as Important Farmland (State-defined Prime Farmland, 
Farmland of Statewide Importance, and Unique Farmland) as defined by the 
Farmland Mapping and Monitoring Program. Before converting Important 
Farmland to non-agricultural use, analyze the feasibility of using farmland that is 
not designated as Important Farmland (e.g., through clustering or design change 
to avoid Farmland) prior to deciding on the conversion of Important Farmland. 


o Avoid lands designated as forest land or timberland before converting 
forestland or timberland to non-forest use, analyze the feasibility of using other 
lands prior to deciding on the conversion of forest land or timberland.”113 


□ These do not include specific performance metrics, and there is no way to determine 
whether these measures would result in adequate mitigation. The requests to “avoid” 
and “analyze feasibility” create no real mandates. To ensure adequate mitigation, one 
of these measures could require complete avoidance. The alternative to this avoidance 
is a suggestion to mitigate by preserving “Important Farmland of equal or better 
agricultural quality, at a ratio of at least 1:1,” but this mitigation also lacks specific 
performance standards because it leaves the lead agency and project proponent to 
decide what “agricultural land of equal or better quality” means. For forestland, 
“[m]itigation may include but is not limited to permanent preservation of forest land or 
timberland of equal or better quality at a ratio of 1:1 or 1.5:1 because some lost 
ecological value may not be replaceable.” However, it is unclear still here what “equal 
or better quality means, and it is unclear what “lost ecological value” means.114 


112 Communities for a Better Environment v. City of Richmond (2010) 184 Cal.App.4th 70, 94. 
113 EA, at p. 54.  
114 Id.  
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Response: The 2022 Scoping Plan is a State-level planning document that assesses the 
State’s progress toward achieving the 2030 target for reduced greenhouse gas (GHG) 
emissions and lays out a path for achieving carbon neutrality no later than 2045. Its approval 
would not lead directly to any adverse impacts on the environment, because CARB’s 2022 
Scoping Plan approval, by itself, does not authorize any activities that would change the 
physical environment. Rather, it is the first step in a potential sequence of public agency 
decisions that may lead to implementation of the reasonably foreseeable compliance 
responses. If adopted, this would be a statewide plan that would lead to future CARB 
rulemaking efforts or other efforts at multiple levels of government to further define 
requirements for plan components, then local or regional lead agency actions to (if they so 
choose) approve reasonably foreseeable physical projects proposed to implement the 
adopted rules or strategies. As described in Chapter 4 of the First Draft EA, implementation 
of the recommended measures in the 2022 Scoping Plan might through this sequence of 
events indirectly lead to adverse environmental impacts as a result of reasonably foreseeable 
compliance responses.  


Many of the identified potentially significant impacts of the reasonably foreseeable 
compliance responses could be feasibly avoided or mitigated to a less-than-significant level 
either when the specific regulatory measures are designed and evaluated during the 
rulemaking process or through project-specific approval or entitlement processes related to 
reasonably foreseeable compliance responses, which typically require a project-specific 
environmental review by another public agency.  


The EA is intended to provide CEQA compliance for CARB’s approval of the proposed 2022 
Scoping Plan. That is, local lead agencies that may consider implementation of the 
reasonably foreseeable compliance responses related to the 2022 Scoping Plan would be 
required to address CEQA requirements for the proposed project before them. Public 
agencies may come to similar conclusions with regard to the significance of environmental 
impacts and types of required mitigation measures. However, a local lead agency would be 
responsible for establishing thresholds of significance for environmental impacts and 
assessing implementation of an individual project against the existing conditions. Once a 
specific significant environmental impact has been identified, the appropriate level of 
mitigation can be established, including the performance standards to reduce impacts to a 
less-than-significant level. 


Please refer to Master Response 1, which addresses the level of specificity required for the 
EA and CARB’s authority. 


635-23: The commenter states, “VIII. Conclusion 


In summary, the EA for the Draft 2022 Scoping Plan fails to apprise the public of the true 
environmental impacts of the entirety of the Scoping Plan and requires substantial revision. A 
revised Scoping Plan, and revised EA, must be revised and recirculated. The comment period 
should commence with the later of the publication of the revised Scoping Plan, EA, and other 
appendices - and the disclosure of the public records identified in Public Records Act 
requests submitted under separate cover on behalf of The Two Hundred. The public 
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comment period should be at least 90 days, to provide adequate time for expert analysis and 
community engagement and feedback from low income communities and communities of 
color.” 


Response: The comment summarizes prior comments and suggests that the First Draft EA be 
revised and recirculated, and that the comment period be at least 90 days. As discussed in 
the responses above, CARB did release a recirculated Draft EA for a 45-day public comment 
period from September 9, 2022 through October 24, 2022. The Recirculated Draft EA 
adequately evaluates and discloses potential environmental impacts from implementation of 
the 2022 Scoping Plan, and incorporates feasible mitigation measures, where appropriate. 
No evidence has been provided to the contrary that would trigger the need to additionally 
revise and recirculate the EA or provide another public review beyond the statutory 
requirements.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 636 


6/24/2022 Katelyn Roedner Sutter, Environmental Defense Fund 


636-1: The commenter states, “Hydrogen is a potential climate solution in hard-to-
decarbonize sectors - but only if leaks are accounted for and prevented  


The draft Scoping Plan relies on a significant increase in hydrogen production and 
deployment, which has the potential to be an important climate strategy. Scaling up the use 
of hydrogen to decarbonize heavy-duty transportation, aviation, shipping, or certain 
industrial applications requires careful consideration of hydrogen’s environmental and 
climate impacts, which recent EDF research finds have historically been underestimated.39 


There is emerging consensus among the scientific community on hydrogen’s warming impact 
as a powerful short-lived indirect greenhouse gas. Specifically, it is over 30 times more 
potent than an equal amount of carbon dioxide emissions over a 20-year period, which is 
three times higher than its impact over a 100 year period. Hydrogen should be measured, 
including in modeling underpinning the draft Scoping Plan, using both a global warming 
potential (GWP) 20 and GWP100 in order to accurately capture the impact of hydrogen 
emissions (including leakage and venting) in the near- and long-term. When considering near-
term climate impacts, soon-to-be published EDF research shows that climate benefits from 
hydrogen usage can be severely diminished for moderate to high emissions rates (around 5 
to 10%). Minimizing or eliminating hydrogen leakage is absolutely critical to the success of 
hydrogen as part of the solution to climate change.  
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Not all hydrogen is green nor a climate solution  


The draft Scoping Plan fails to sufficiently explain which types of hydrogen would be 
acceptable for California’s decarbonization pathway. Specifically, In the March 15, 2022 
Scoping Plan workshop, CARB stated that it would only pursue zero-carbon hydrogen 
produced through renewable energy (‘green’ hydrogen), or through feedstocks paired with 
CCS (‘blue’ hydrogen). In the May 2022 draft, CARB further stated that “for the purposes of 
the Draft 2022 Scoping Plan, ‘green hydrogen’ is not limited to only electrolytic hydrogen 
produced from renewables.” This is a counterintuitive definition, since the broadly 
understood definition of ‘green hydrogen’ is limited to renewable-powered electrolytic 
hydrogen.  


CARB should revise its use of ‘green hydrogen’ in the draft Scoping Plan to avoid this 
misleading characterization, and instead clearly state whether its intended buildout of 
hydrogen will rely on fossil power with carbon capture or not. Because the climate impacts 
of this type of hydrogen production are potentially significant, fossil generated hydrogen 
should not be considered a climate solution in this Scoping Plan. 


The extent to which hydrogen will be renewable-generated is also a crucial question when 
considering the viability of the proposed scenario, which is modeled assuming off-grid 
buildout of the needed renewable energy. However, this is a very ambitious, if laudable, 
assumption and casts doubt on whether the projected emissions reductions contained in its 
proposed scenario are realistic.  


While EDF appreciates the emphasis placed on hydrogen produced through renewable 
energy in the draft Scoping Plan, hydrogen produced through feedstocks paired with CCS is 
also contemplated and brings additional climate impacts. EDF’s findings point out that 
carbon dioxide is not the only important climate pollutant produced through the hydrogen 
generation process, especially when not produced with renewable energy; methane can also 
be released at significant levels in addition to hydrogen emissions, contributing to the overall 
climate warming effects of fossil fuel-based hydrogen.  


Specifically, methane leakage from producing hydrogen using natural gas and CCS 
technologies is of significant concern; the climate effects of methane leakage are often 
underestimated in hydrogen assessments, and methane is a powerful greenhouse gas with 
high global warming potential. As stated in the draft Scoping Plan, “hydrogen can be 
produced through electrolysis with renewable electricity or through steam methane 
reformation of renewable or fossil gas. If steam methane reformation is paired with CCS, the 
hydrogen produced could potentially be zero carbon.”40 This language is not sufficiently 
stringent to ensure that any hydrogen produced is zero carbon, and it does not address the 
issue of methane leakage which is critical to prevent when developing any potential 
hydrogen production using any feedstocks with CCS. The level of climate harm only increases 
if there is embedded carbon in the lifecycle analysis of hydrogen. To that end, EDF suggests 
that the Scoping Plan only assumes hydrogen from renewable energy generation. 







2022 Scoping Plan 
Response to Comments   Responses to Comments 


183 


39  Ocko, I. B. and Hamburg, S. P.: Climate consequences of hydrogen emissions, Atmos. 
Chem. Phys. in press, 2022. 


40  California Air Resources Board, Draft 2022 Scoping Plan Update, pg 69. 
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf” 


Response: Please refer to responses to comments 296-5, 166-2 and 166-5. 


Regarding the commenter’s claim regarding hydrogen’s warming impact, prior to very recent 
research, scientific discussion around the GWP of hydrogen typically centered on the indirect 
warming effects caused by the chemical interactions of hydrogen in the troposphere, which 
result in higher atmospheric concentrations of methane and ozone. These effects were 
studied in Derwent et al. (2001, 2006, 2020),86 all of which proposed 100-year GWP values of 
around 5 ± 1. Subsequent research using a more advanced model in Field and Derwent 
(2021)87 resulted in a lower 100-year GWP value of 3.3 ± 1.4. 


In 2021, Paulot et al.88 first proposed that a significant portion of the believed warming 
effects of hydrogen should come from the increased concentration of water vapor in the 
stratosphere, which was not considered in previous studies. This study did not propose a 
GWP value, but it laid the groundwork for Warwick et al. (2022)89, which states: “we have 
also considered, for the first time, previously ignored changes in stratospheric water vapour 
and stratospheric ozone in our calculations of hydrogen’s GWP.” Their calculation gives a 
100-year GWP value of 10.9 ± ~4.5. In this study, about 30% of the GWP specifically derives 
from stratospheric effects. This study is complemented by Ocko and Hamburg (2022)90, which 
finds similar values for the 100-year hydrogen GWP value and proposes other modeling 
approaches that may lead to even higher values. These two studies appear to be the most 
recent research on the subject, and the only papers that use stratospheric effects to calculate 
hydrogen’s GWP. 


In light of this, there does not appear to be a consensus on the GWP of hydrogen. While the 
influence of water vapor induced by hydrogen emissions is a compelling area of research, 
hydrogen’s status as an indirect GHG and the wide error ranges proposed by these studies 
indicate that there is not widespread agreement that the warming effects of hydrogen are 
significantly higher than previously asserted.  


 
86 Transient Behaviour of Tropospheric Ozone Precursors in a Global 3-D CTM and Their Indirect Greenhouse 
Effects (ed.ac.uk); Microsoft Word - 07 Derwent.doc (ed.ac.uk); Global modelling studies of hydrogen and its 
isotopomers using STOCHEM-CRI: Likely radiative forcing consequences of a future hydrogen economy - 
ScienceDirect 
87 Global warming consequences of replacing natural gas with hydrogen in the domestic energy sectors of 
future low-carbon economies in the United Kingdom and the United States of America - ScienceDirect 
88 Global modeling of hydrogen using GFDL-AM4.1: Sensitivity of soil removal and radiative forcing - 
ScienceDirect 
89 Atmospheric implications of increased hydrogen use (publishing.service.gov.uk) 
90 acp-22-9349-2022.pdf (copernicus.org) 



https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0360319921023247%3Fvia%253Dihub&data=05%7C01%7CCarey.Bylin%40arb.ca.gov%7C7da2b00330b44e56184208dac28f851b%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C638036218909430436%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ZDJX2YYvDkgl6VtqhDLEOSKQd296yWkD8yuYYS%2FTQoY%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0360319921023247%3Fvia%253Dihub&data=05%7C01%7CCarey.Bylin%40arb.ca.gov%7C7da2b00330b44e56184208dac28f851b%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C638036218909430436%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=ZDJX2YYvDkgl6VtqhDLEOSKQd296yWkD8yuYYS%2FTQoY%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fabs%2Fpii%2FS0360319921001804%3Fvia%253Dihub&data=05%7C01%7CCarey.Bylin%40arb.ca.gov%7C7da2b00330b44e56184208dac28f851b%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C638036218909430436%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=KPCE00E3puH3cCJ0EVWwQnCtVz8BJMHhbm%2FIVHOeyK0%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1067144%2Fatmospheric-implications-of-increased-hydrogen-use.pdf&data=05%7C01%7CCarey.Bylin%40arb.ca.gov%7C7da2b00330b44e56184208dac28f851b%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C638036218909430436%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=yUowDHEUWQ7m2L82wy8rQS%2FUU8aAnZoaMA4dSgsBfTA%3D&reserved=0

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Facp.copernicus.org%2Farticles%2F22%2F9349%2F2022%2Facp-22-9349-2022.pdf&data=05%7C01%7CCarey.Bylin%40arb.ca.gov%7C7da2b00330b44e56184208dac28f851b%7C9de5aaee778840b1a438c0ccc98c87cc%7C0%7C0%7C638036218909586801%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=eRfBt%2BLoByy0OQToZSt1N4X595Fs8VZq257rCdijs74%3D&reserved=0

https://www.geos.ed.ac.uk/%7Edstevens/publications/derwent_cc01.pdf

https://www.geos.ed.ac.uk/%7Edstevens/publications/derwent_cc01.pdf

https://www.geos.ed.ac.uk/%7Edstevens/publications/derwent_ijnhpa06.pdf

https://www.sciencedirect.com/science/article/abs/pii/S0360319920302779

https://www.sciencedirect.com/science/article/abs/pii/S0360319920302779

https://www.sciencedirect.com/science/article/abs/pii/S0360319920302779

https://www.sciencedirect.com/science/article/abs/pii/S0360319921023247?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0360319921023247?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0360319921001804?via%3Dihub

https://www.sciencedirect.com/science/article/abs/pii/S0360319921001804?via%3Dihub

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067144/atmospheric-implications-of-increased-hydrogen-use.pdf

https://acp.copernicus.org/articles/22/9349/2022/acp-22-9349-2022.pdf
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Regarding the commenter’s claim regarding hydrogen leakage, hydrogen will require new 
production and distribution systems that are likely to differ in the key characteristics that can 
result in leakage (i.e., material composition, components, interconnections, transport 
distances, pressure, temperature, etc.) compared to the existing fossil gas production, 
transmission, and distribution system. Hydrogen injection into California’s common carrier 
pipeline is still being examined as part of CPUC’s renewable gas proceeding (R.13-02-008).91 
The Proposed Decision issued in November 2022 does not yet authorize system-wide 
pipeline injection of hydrogen into the common carrier pipeline, but instead directs the 
development of pilot projects to further evaluate standards for the safe injection of 
hydrogen. As such, additional data collection on hydrogen supply leak prevalence and rates, 
beyond the U.C. Riverside study commissioned by CPUC, has been determined to be 
needed. The Proposed Decision states that the U.C. Riverside study’s conclusions highlight 
the importance of understanding safety-related properties of different blends, identifying 
methods and strategies (e.g., use of odorants) for prompt detection, and developing 
effective safety procedures for the monitoring, identification, and repair of leaks to reduce 
safety risks. CARB acknowledges the importance of minimizing hydrogen leakage, 
particularly given the higher energy per mass and economic value of hydrogen relative to 
other gaseous fuels. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 639 


6/24/2022 Sarah Wiltfong, Los Angeles County Business Federation 


639-1: The commenter states, “As a consequence, CARB’s approach is to impose 
increasingly on activities and industry occurring in California in ways that cause the actors 
and industries to either move or keep their operations outside of California (i.e., to move 
or keep all such activities in other states and nations, which in most cases leads to more 
harmful GHG impacts). 


An example is CARB’s proposed regulation of cement production within California. Whereas 
CARB proposes an eventual standard of GHG neutrality on such in-state cement production 
irrespective of the costs, CARB blindly welcomes the importation of cement into California 
even though it may be produced in Asia using the worst possible GHG causing production 
methods. From CARB’s point of view, it does not matter if the cement produced in California 
were already the world’s most GHG efficient cement. If GHG-intensive imported cement 
could be moved about within California to its ultimate destination by means of a GHG-free 


 
91 https://apps.cpuc.ca.gov/apex/f?p=401:56:0::NO:RP,57,RIR:P5_PROCEEDING_SELECT:R1302008 
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vehicle, then CARB will assume that such imported cement has no GHG associated with its 
production, application and consumption in California.  


Because CARB ignores extra-jurisdictional GHG emissions (except from electricity 
production), CARB’s approach is irrational in relation to the State’s legitimate governmental 
interest in reducing GHG and its worldwide impacts. In other words, CARB has chosen to 
make intra-state GHG betterment the direct enemy of global GHG betterment – even 
though global climate change caused by GHG is unarguably a global problem that can best 
be addressed only when it is considered at a global scale.  


While AB32 expressly requires CARB to minimize “leakage” 1 of GHG emissions from 
California’s economy,2 the flawed design presented in this draft Scoping Plan is likely to 
cause leakage.” 


Response: California’s industrial sector produces materials and products—cement, food, 
steel, minerals—that the state relies on to function and thrive. The need for these materials 
and products will continue, and it will be important to the State’s economic health and to 
global GHG emissions that these needs are met by efficient in-state manufacturing. AB 32 
directs CARB to minimize emissions leakage in designing GHG regulations to help ensure 
that reductions in California’s GHG emissions from the State’s climate regulations do not 
result in simply shifting emissions outside the State’s borders given the State’s ongoing need 
for these materials and products. AB 398 (2017) and SB 596 (2021) also provide specific 
direction to CARB on preventing leakage within the industrial sector. 


Indeed, CARB has paid close attention to leakage risk and has carefully designed regulations 
to minimize leakage risk. AB 398 (2017) requires the Cap-and-Trade Program to maintain 
high leakage protection for all covered industrial sectors through 2030 and provide a report 
on any leakage concerns to the legislature by the end of 2025. The Cap-and-Trade Program 
is California’s primary regulation for reducing GHGs from the industrial sector. To minimize 
potential emissions leakage due to the Cap-and-Trade Program, CARB followed globally 
accepted methodologies to identify the leakage risk faced by each covered industrial sector 
and included provisions for facilities operating in these sectors to receive free allowance 
allocation targeted to minimize leakage. A recent assessment of emissions trading systems, 
like California’s Cap-and-Trade Program, globally found either no evidence or very little 
evidence of leakage or competitiveness impacts from such programs.92 


Based on recent economic trends, there is little evidence of significant leakage occurring in 
California’s manufacturing sector directly tied to California’s climate policies. Since the Great 
Recession, the manufacturing sector in California has experienced strong and steady 


 
92 International Carbon Action Partnership (ICAP) (icapcarbonaction.com) 



https://icapcarbonaction.com/en?option=com_attach&task=download&id=703
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growth.93,94 Long-term trends demonstrate that the GHG-intensity of California’s economy—
its GHG emissions per gross domestic product—continues to decline.95 


SB 596 requires CARB to develop a comprehensive strategy to achieve net-zero emissions of 
GHGs associated with all cement used within the state by 2045. CARB has not proposed any 
strategy, regulatory measures, or incentive structures pursuant to SB 596. The commenter 
presupposes CARB actions pursuant to SB 596 and incorrectly states that “…CARB will 
assume that…imported cement has no GHG associated with its production, application and 
consumption in California.” In fact, SB 596 includes provisions to address GHG emissions 
from both domestically produced and imported cement that is used in California. SB 596 
requires CARB to: 


Include provisions to minimize and mitigate potential leakage and account for 
embedded emissions of greenhouse gases in imported cement in a similar manner to 
emissions of greenhouse gases for cement produced in the state, such as through a 
border carbon adjustment mechanism. 


Furthermore, SB 596 requires CARB to: 


Define a metric for greenhouse gas intensity and evaluate the data submitted by 
cement manufacturing plants to the state board for the 2019 calendar year and other 
relevant data about emissions of greenhouse gases for cement that was imported into 
the state to establish a baseline from which to measure greenhouse gas intensity 
reductions. 


These provisions within SB 596 ensure that when CARB ultimately proposes any measures 
pursuant to SB 596, the proposal will minimize leakage by addressing GHG emissions 
associated with all cement used in California, regardless of whether it was produced in-state 
or imported. 


639-2: The commenter states, “The Update contains four main land use regulatory concepts 
that are particularly problematic. First, CARB proposes policy changes under the California 
Environmental Quality Act (“CEQA”), which requires deciding agencies (usually local 
governments) to study impacts and impose mitigation requirements when approving projects 
and land use plans. CARB’s CEQA proposals would strongly disfavor all but relatively high-
density (e.g., at least 20 units per acre), central urban, mass transit-oriented development 
and re-development. The aim and effect of such policies is to disfavor, prejudice and 
relatively burden all other types of development (lower density communities and 
redevelopment projects, suburban development, “edge” development, “new towns,” and 
the like). (See Update pp. 195-206 and Appendices D and F.). Some of CARB’s 
recommended CEQA changes have nothing to do with air quality and GHG (i.e., within 
CARB’s purview and relative expertise), such as CARB’s proposed CEQA exemption for 


 
93 International Carbon Action Partnership (ICAP) (icapcarbonaction.com) 
94 2021 California Manufacturing Facts | NAM 
95 https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000_2019_ghg_inventory_trends_20220516.pdf 



https://icapcarbonaction.com/en?option=com_attach&task=download&id=703

https://www.nam.org/state-manufacturing-data/2021-california-manufacturing-facts/

https://ww2.arb.ca.gov/sites/default/files/classic/cc/inventory/2000_2019_ghg_inventory_trends_20220516.pdf
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projects that contain at least 20% subsidized housing and meet certain labor standards. 
Although BizFed’s members have long advocated for CEQA reform, CARB should not be 
championing CEQA reform that would undercut local governments’ prerogatives and 
disfavor many reasonable types of development which are (i) needed in substantially greater 
quantity, (ii) most affordable, and (iii) popular with California’s consumers.” 


Response: The comment is directed toward the contents of the 2022 Scoping Plan and does 
not raise an issue related to the adequacy, accuracy, or completeness of the First Draft EA. 
Nevertheless, CARB staff notes that the 2022 Scoping Plan and Local Actions Appendix D 
indicates the key attributes that help to meet the Priority Strategy of reducing VMT, as 
evidence shows that infill and transit-supportive development supported by other attributes 
listed in the Local Actions Appendix D can reduce VMT via less trips and shorter trip lengths. 
Language has been added to the last paragraph under heading "Project Attributes for 
Residential Projects that Reduce GHGs" in Section 3.2 of Appendix D to indicate the project 
attributes may not be applicable to all residential and mixed-use projects. In addition, CARB 
will continue to explore additional project attributes, as appropriate. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 643 


6/24/2022 Michael Wara, Stanford University 


643-1: The commenter states, “4. The scale of proposed CDR and CCS implies both a very 
large pipeline infrastructure and a need to carefully evaluate the potential for induced 
seismicity. 


As mentioned previously, the combined magnitude of CDR and CCS raise important 
questions around scaling that need careful evaluation. Both pipeline safety and induced 
seismicity issues would benefit from further analysis in the final Scoping Plan Update. 


A. Pipeline safety 


As ARB is no doubt aware, a supercritical CO2 pipeline accident occurred in 2020 in 
Mississippi. Subsequently, the Pipeline Safety Trust commissioned an expert report that was 
highly critical of the current state of CO2 pipeline regulation in the United States, particularly 
given the large number of CO2 pipeline proposals currently under development or in review. 
14 Further, in response to this accident, PHMSA has recently opened a new rulemaking on 
CO2 pipeline safety. 15 We urge ARB to estimate, at least in a preliminary sense, what degree 
of CO2 pipeline infrastructure might be required to serve the envisioned CCS and CDR 
infrastructure deployed in California under the proposed scenario, and the degree to which it 
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would have to be sited in heavily populated areas (because that is where sites requiring 
capture are located) .. 


The combined scale of CDR and CCS in the proposed scenario also raises important 
questions regarding the actual usable amount of CO2 storage in deep saline aquifers in 
California. The EFI-Stanford report has estimated that up to 70 gigatons of storage are 
available.16 But this estimate does not fully account for induced seismic risks associated with 
pressurization of aquifers as injection occurs. Evidence from Oklahoma indicates that deep 
water disposal at similar scales in aquifers close to bedrock- or even in some cases separated 
from bedrock by seemingly impermeable layers - can create induced seismicity as pressures 
build.17 There is good reason to think that CO2 injection at scale may cause similar impacts if 
not carefully managed.18 


This is not a new phenomenon. What is new is the level of disposal in deep aquifers that 
occurred in Oklahoma's Arbuckle Formation and what is proposed in terms of long term 
injection of liquid supercritical CO2 in California deep saline aquifers. We believe that this 
issue can be managed with careful assessment of storage formations and of injection rates 
and locations. 


We urge ARB to consider these risk as it proposes a ramp to 80MMt CO2 or more of CDR 
over the next two decades. If the proposed scenario, or a modified version of it is ultimately 
adopted, the ARB should develop programs to safely construct and operate supercritical CO2 
pipelines as well as responsibly develop a detailed and nuanced understanding of induced 
seismic risk for deep saline aquifers in California. 


14 https://pstrust.org/wp-content/uploads/2022/03/3-23-22-Final-Accufacts-CO2-Pipeline-
Report2.pdf 


15 https://www.phmsa.dot.gov/news/phmsa-announces-new-safety-measures-protect-
americans-carbon-dioxide-pipeline-failures 


16 https://sccs.stanford.edu/sites/g/files/sbiybj17761 /files/media/file/EFI-Stanford-CA-CCS-
FULL-rev2 -12.11.20_0.pdf 


17 https://www.science.org/doi/full/10.1126/sciadv.1601542 
18  https://www.pnas.org/doi/10.1073/pnas.12024 73109” 


Response: Please refer to response to comment PH-1 and Master Response 2. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 



https://www.phmsa.dot.gov/news/phmsa-announces-new-safety-measures-protect-americans-carbon-dioxide-pipeline-failures

https://www.phmsa.dot.gov/news/phmsa-announces-new-safety-measures-protect-americans-carbon-dioxide-pipeline-failures
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Comment Letter 651 


6/24/2022 George Peridas 


651-1: The commenter states, “Predictable and time certain permitting of CCS Projects is 
critical to successful adoption  


The California Air Resources Board 2022 Scoping Plan Update draft rightly identifies the 
challenging permitting environment currently present in California as numerous federal, 
state, regional, and local entities play different roles in approving a CCS or a CDR project. 
Further, the requirements of California's Environmental Quality Act (CEQA) and the 
associated environmental impact report (EIR) process can often derail a project through 
protracted litigation efforts, redundant agency review requirements, and excessively lengthy 
review timelines. While the CEQA review process is important to ensure that all relevant 
project impacts are being evaluated and all necessary mitigations are being implemented, 
this process should not be carried out in a way that precludes the practical deployment of 
the very projects that CARB has identified as critical to meeting the goals of this Scoping 
Plan. This applies to both point-source CCS projects as well as CDR projects. CARB should 
work with other state and local agencies to navigate the CEQA process efficiently, ensuring 
that projects' environmental impacts are fully considered and properly mitigated while 
projects are approved in a timely manner.” 


Response: The comment provides a general opinion regarding the CEQA process with 
respect to litigation and review timelines and suggests that CARB work with other agencies 
to navigate the CEQA process and fully consider and mitigate impacts of projects in a timely 
manner. The comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the First Draft EA and no further response is required. No changes to the 
First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 668 


6/24/2022 Julia May, Connie Cho, and Gabriel Greif of Communities for a Better 
Environment, Shayda Azamian of Leadership Counsel for Justice and 
Accountability; Juan Flores of Center on Race, Poverty & the 
Environment; Antonio Díaz of People Organizing to Demand 
Environmental and Economic Rights; Marven E. Norman of Center for 
Community Action and Environmental Justice; Lucia Marquez and Sofi 
Magallon of Central Coast Alliance United for a Sustainable Economy; 
Amee Raval of Asian Pacific Environmental Network; Eric Romann of 
Physicians for Social Responsibility-Los Angeles; Agustin Cabrera of 
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Strategic Concepts in Organizing and Policy Education; and Neena 
Mohan of California Environmental Justice Alliance 


668-1: The commenter states, “● Additionally, the environmental impacts, alternatives, 
public health, and social costs analyses in the Draft Scoping Plan and Draft EA are 
inadequate. 


As a result of these profound inadequacies, the Draft Scoping Plan and Draft EA fail to 
provide crucial information that the CARB Board needs in order to meaningfully evaluate the 
costs and benefits of each proposed alternative, and ensure that the alternative that is 
ultimately adopted will not disproportionately harm low-income and disadvantaged 
communities. As such, we request that the Board direct CARB staff to substantially revise the 
Draft Scoping Plan and accompanying Draft EA to achieve compliance with the State’s 
climate laws and the California Environmental Quality Act (“CEQA”). We specifically request 
that CARB analyze and adopt the Real Zero Alternative, attached below as Attachment A.” 


Response: Please refer to responses to comments provided for the remainder of this letter.  


668-2: The commenter states, “This failure undermines the effectiveness of the plan in 
cutting GHGs toward the state’s 2030, 2035, 2045, and 2050 GHG emission reduction goals, 
and causes new environmental impacts. Under CEQA, CARB must analyze the “reasonably 
foreseeable responses” to its proposed measures under the Draft Scoping Plan. However, 
CARB fails entirely in its Draft EA to analyze and mitigate potentially significant air quality 
and environmental health impacts that would result from the likely increase of refinery 
exports. These exports cause significant increased global climate impacts downstream due to 
use of these exported fuels. CARB is required to minimize such emission shifting under AB32. 
Furthermore, this increase in petroleum refining for export can result in significant continued 
local air quality impacts through local refining, transport, and shipping, particularly in refining 
communities which are already known to be disproportionately impacted by pollution.51 The 
Draft EA does not analyze or propose mitigation measures for these reasonably foreseeable 
impacts. 


51  For example, the Office of Environmental Health Hazard Assessment recently found that 
of facilities categorized in high CalEnviroScreen quartiles [highest disproportionate 
impacts], 71% were Refineries, This report also found that “Black Californians experience 
three times greater exposure from refinery emissions than all other stationary source 
sectors covered by the Cap-and-Trade Program combined,” and that “four of the top five 
entities that use the most offsets own petroleum refineries, and refineries contribute more 
to PM disparity by CES score and race/ethnicity than any other sector.” Moreover, 
“[r]efineries and other combustion sources are even more likely to be near communities 
with high CES scores and high percentage people of color.” CAL. OFFICE OF ENV’T 
HEALTH HAZARD ENF’T, IMPACT OF GREENHOUSE GAS EMISSIONS LIMITS WITHIN 
DISADVANTAGED COMMUNITIES: PROGRESS TOWARD REDUCING INEQUITIES (Feb. 
2022), available at: https://oehha.ca.gov/media/downloads/environmental-
justice/impactsofghgpoliciesreport020322.pdf.” 
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Response: Please refer to Master Response 6. 


668-3: The commenter states, “The attached Karras Report finds that even if all other 
emissions are cut to their share of the State’s GHG goal, the goal cannot be achieved without 
cutting refining rates (which CARB rejects in Alternative 3). Without crude rate cuts, 
emissions from the petroleum fuel chain linked to refining in California would drive total 
statewide carbon emissions to exceed the State’s 2050 direct emissions goal. In-state fuels 
demand reduction measures alone cannot ensure the needed refining rate phase down. 
Acting now to start five to seven percent per year gradual refinery phase downs would 
provide petroleum fuel chain cuts that enable cumulative emissions to meet the 2050 direct 
emission goal. Delay until after 2029 could force the need for rapid phase down of refinery 
capacity —if the 2050 direct emission goal is to be met at all. The Draft Scoping Plan would 
fail to achieve “maximum feasible” direct emission reductions required by AB 32. The Draft 
EA does not identify or mitigate the severe impacts which could result from this failure.” 


Response: Please refer to response to comment letter 166. 


668-4: The commenter states, “c. California’s oil refineries are aging and highly complex; 
prior rulemakings demonstrate the long timelines required to build new systems, and 
known space-constraints increase safety hazards if new controls are forced. 


CARB’s fundamental assumption that refinery CCS in California is technologically and 
logistically feasible is unsupported. CARB has not demonstrated feasibility of implementing 
refinery CCS in California refineries in the Draft Scoping Plan. Additionally, CARB has failed 
to analyze in the Draft Scoping Plan and EA the space constraints, lengthy timelines, or 
environmental as well as health and safety hazards associated with deploying CCS 
technology at California refineries. Many of the comments below were originally submitted to 
CARB on April 4, 2022, following CARB’s release of its Initial Modeling Results.65 We include 
them here again since these concerns have not been adequately addressed in the Draft 
Scoping Plan and Draft EA. 


65 CARB Comment Log Display (Comment 51 for Public Workshop on the 2022 Scoping 
Plan Update), Public comment submitted by Communities for A Better Environment (Apr. 
4, 2022), available at: 
https://www.arb.ca.gov/lispub/comm2/bccomdisp.php?listname=sp22-
odelresultsws&comment_num=56&virt_num=51.” 


Response: The First Draft EA contains a discussion of the reasonably foreseeable compliance 
responses related to implementation of CCS projects and provides a discussion of the 
potentially significant impacts throughout Chapter 4. Issues pertaining to CCS safety are 
addressed in Master Responses 2 and 3. 


668-5: The commenter states, “f. CARB failed to analyze and mitigate the environmental 
and health impacts of transporting captured CO2 in pipelines associated with Refinery 
CCS or any CCS strategy. CO2 pipelines are highly specialized, dangerously 
underregulated, and vulnerable to seismic, subsidence, and other rupture hazards. 
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In the Draft EA, CARB provides that reasonably foreseeable compliance responses to its 
proposed actions on mechanical CDR and CCS include the “modification of existing or 
construction of new industrial facilities to capture CO2 emissions (CCS), and construction of 
new infrastructure, such as pipelines, wells, and other surface facilities to enable the transport 
and injection of CO2 into a geologic formation for sequestration.”85 However, CARB fails to 
analyze environmental and health impacts of transporting captured CO2. 


In particular, CARB fails to analyze potential long-term air quality and health impacts and 
other environmental impacts from possible CO2 pipeline explosions in the Draft EA.  


85  Draft EA at 21.” 


Response: Please refer to Master Responses 2 and 3. 


668-6: The commenter states, “The Pipeline and Hazardous Materials Safety Administration 
(PHMSA), a regulatory agency under the U.S. Department of Transportation (DOT), recently 
issued a bulletin detailing the risk of subsidence or seismic activity (“changing subsurface 
geological conditions”) which threaten pipeline safety.95 Importantly, the agency guidance 
notes that:  


PHMSA is issuing this updated advisory bulletin to remind owners and operators of 
gas and hazardous liquid pipelines, including supercritical carbon dioxide pipelines, of 
the potential for damage to those pipeline facilities caused by earth movement in 
variable, steep, and rugged terrain and terrain with varied or changing subsurface 
geological conditions. Additionally, changing weather patterns due to climate change, 
including increased rainfall and higher temperatures, may impact soil stability in areas 
that have historically been stable. These phenomena can pose a threat to the integrity 
of pipeline facilities if those threats are not identified and mitigated. Owners and 
operators should consider monitoring geological and environmental conditions, 
including changing weather patterns, in proximity to their facilities. 


CARB fails to evaluate the risk of seismic hazards with regard to significant challenges this 
presents to safely operating the extensive network of CO2 pipelines that would be required 
to support operation of CCS at refineries in California. In accordance with the above-
referenced PHMSA bulletin, these significant environmental and safety risks must be carefully 
addressed and evaluated. 


95  Pipeline and Hazardous Materials Safety Administration (PHMSA), Pipeline Safety: 
Potential for Damage to Pipeline Facilities Caused by Earth Movement and Other 
Geological Hazards, Federal Register 87 F.R. 33576 (June 2, 2022), available at: 
https://www.federalregister.gov/documents/2022/06/02/2022-11791/pipeline-safety-
potentialfor-damage-to-pipeline-facilities-caused-by-earth-movement-and-other.” 


Response: Please refer to Master Response 2. 
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668-7: The commenter states, “Yet the Draft EA failed to analyze potentially significant 
environmental and health impacts in the Central Valley that could result from this anticipated 
storage. CCS storage could result in the emission of harmful gases (such as CO2 gas and 
Hydrogen Sulfide, or H2S) due to wellbore leaks, seismic events and other causes. Such leaks 
specific to carbon capture activities have already occurred, for example in Canada. These 
new potential hazards add to already substantial pollution hazards facing communities of 
color and low income communities in the Central Valley.” 


Response: Please see Master Response 3. 


668-8: The commenter states, “h. CARB fails to adequately analyze the environmental 
impact, safety, and mitigation strategies necessary for mechanical carbon dioxide 
removal (CDR) technology. 


California must not rely heavily on nascent, uncertain technologies mechanical CDR 
technologies. CARB must fully evaluate the ramifications of adopting emerging technologies 
that would directly capture carbon from the atmosphere. While some Direct Air Capture 
(DAC), a subset of CDR, is being proposed to remove excess CO2 from the air, it is also 
eligible for subsidies in California as a means to offset continued fossil fuel operations.102 
Such an application would further delay a necessary fossil fuel phaseout, undermine 
projected emission cuts, and would instead increase cumulative GHG emissions over time 
(see Karras Report, Attachment D), and allow continued harmful smog-forming and toxic 
pollutants from fossil fuel industries. 


New infrastructure required for mechanical CDR is also likely to disproportionately impact 
low-income communities of color whose health already suffers from over-pollution and undue 
safety risks of volatile fossil fuel infrastructure. As we discussed above, California’s Central 
Valley, where much of the CO2 sequestration would be located,103 is heavily 
disproportionately impacted by air pollution and health vulnerabilities.104 New impacts of 
CO2, Hydrogen Sulfide (H2S), as well as construction impacts of the new infrastructure is 
likely to heavily impact any regions across which CO2 pipeline corridors may need to be sited 
in order to reach sequestration sites as proposed in the Central Valley. However, CARB has 
failed to adequately analyze the environmental and health impacts of mechanical CDR, 
especially on low-income and disadvantaged communities. 


In addition, CARB failed to evaluate the following: (1) the amount of electricity sector 
generation and other energy use required for all steps to operate DAC, transport, and store 
carbon; (2) the feasibility and impact of siting, construction, and sequestration, as well as 
regional operational feasibility considerations in the regions identified as reasonably 
foreseeable candidates for storage; (3) the total amount of CO2 storage available without 
triggering seismic events, an issue that has yet to be fully considered by the the EPA Title VI 
permitting process.105 3 


DAC may actually undermine California’s climate goals if it is used to offset new fossil fuel 
emissions instead of removing legacy excess carbon in the atmosphere because (1) CARB 
does not include all reasonably available options for fossil fuel phaseout such as oil refining 
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phasedown in Alternative 3; (2) many DAC developers are funded through oil industry 
investment;106 and (3) DAC is currently eligible for LCFS credits that can be used by polluting 
industries.107 


CARB attributes large cumulative quantities of emission reductions (542 MMTCO2e) to DAC 
technology from 2033 to 2045.108 CARB estimates that direct air capture (DAC) technology 
will remove either 79 MMT or 100 MMT CO2e in residual emissions under Alternative 3.109 
However, this amount could be much smaller if CARB adopted direct emission reduction 
measures, including a phase out of oil and gas and phase down of refinery operations as well 
as accelerated targets in other sectors such as in the transportation or electricity sectors. 


102 Cal. Air Res. Bd., Carbon Capture and Sequestration Project Eligibility FAQ (Dec. 2021). 
https://ww2.arb.ca.gov/resources/fact-sheets/carbon-capture-and-sequestration-project-
eligibility-faq. 


103 Scoping Plan at 67 (citing Lawrence Livermore National Laboratory. 2020. Getting to 
Neutral: Options for Negative Carbon Emissions in California. Revision 1.); see also 
Sammy Roth, Is a Michigan energy firm using dark money to influence California’s climate 
plans?, LOS ANGELES TIMES (June 23, 2022) available at : 
https://www.latimes.com/environment/newsletter/2022-06-23/michigan-energy-firm-dark-
money-california-climateplans-boiling-point. 


104 Cresencio Rodriguez-Delgado, California has Some of the Worst Air Quality in the 
Country. The Problem is Rooted in the San Joaquin Valley, PBS NEWS HOUR (June 16, 
2022) (The San Joaquin Valley “has been out of compliance with Environmental Protection 
Agency standards for 25 years, earning the region the unwanted distinction of being 
among the most polluted regions in the country . . . [a]s California heads into another 
wildfire season, environmentalists and lawmakers are trying to revive a decades-long push 
to strengthen air quality regulation to curb pollution and reduce the many consequences 
of daily life with dirty air, including rising health care costs”), available at: 
https://www.pbs.org/newshour/nation/california-has-some-of-the-worst-air-quality-in-
thecountry-the-problem-is-rooted-in-the-san-joaquin-valley. 


105 Video, Mark Zoback, Geomechanical Issues Affecting Long-Term Storage, Stanford 
Center for Capture Storage, Jan. 25, 2022, 
https://www.youtube.com/watch?v=IDwOQhhQ9Uk. 


106 Exxon Mobile, ExxonMobil expands agreement with Global Thermostat, sees promise in 
direct air capture technology (last visited June 23, 2022), available at: 
https://corporate.exxonmobil.com/News/Newsroom/News-
releases/2020/0921_ExxonMobil-expands-agreementwith-Global-Thermostat-re-direct-
air-capture-technology; Chevron, Occidental invest in CO2 removal technology, REUTERS 
(Jan. 9, 2019), available at: https://www.reuters.com/article/us-carbonengineering-
investment/chevronoccidental-invest-in-co2-removal-technology-idUSKCN1P312R. 


107 Cal. Air Res. Bd., Carbon Capture and Sequestration Project Eligibility FAQ (Dec. 2021) 
(“DAC projects that store the captured carbon dioxide (CO2) underground may apply for 
CCS Permanence Certification regardless of location”), available at: 
https://ww2.arb.ca.gov/resources/fact-sheets/carbon-capture-and-sequestration-
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projecteligibility-
faq#:~:text=Do%20CCS%20projects%20have%20to,capture%20(DAC)%20projects. 


108 2022 Scoping Plan, Modeling Information: AB 32 GHG Inventory Sectors Modeling Data 
Spreadsheet, Sum of CDR in Alternative 3 through 2045 (May 10, 2022), available at: 
https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-
scoping-
plandocuments#:~:text=The%202022%20Scoping%20Plan%20Update%20focuses%20on
%20outcomes%20needed%20to,economic%2C%20environmental%2C%20energy%20sec
urity%2C. 


109 There is a confusing discrepancy between the initial modeling results presentation in 
which the Key Metrics chart and graph show 95 MMT of residual emissions to be removed 
by DAC in 2045, and the data spreadsheet of emissions provided for the modeling 
(Alternative 3, CDR) at 79 MMT, which necessitates explanation by CARB.” 


Response: Please refer to Master Responses 2 and 3, and responses to comment letter 166. 


668-9: The commenter states, “i. CARB must not incentivize carbon capture for enhanced 
oil recovery. 


Burying a critical fossil fuel extraction measure in the Draft EA, CARB opens the door to the 
utilization of carbon capture for “enhanced oil recovery” (EOR). The Draft Plan contemplates 
the potentially significant impact of EOR, outlining how EOR from carbon capture, utilization 
and storage (CCUS) projects could result in “emissions…released into the air, soil, aquifers, 
or surface waterways because of unidentified and/or poorly abandoned wells or other 
pathways (e.g., natural fractures).”110 CARB then fails to adequately describe and analyze 
such a significant potential action under the Draft Scoping Plan.111 


Instead, California should explicitly prohibit the use of carbon capture for Enhanced Oil 
Recovery (EOR). The notion of allowing building subsidized systems to capture carbon, in 
order to extract more climate-harming crude oil is so inherently counter to climate goals that 
it should be considered nonsensical. 


110 Draft Scoping Plan at 132. 
111 Draft Scoping Plan at 141.” 


Response: Please refer to Master Responses 2 and 3. 


668-10: The commenter states, “Moreover, CARB must analyze the economic, 
environmental, and health benefits and impacts of transit and active transportation expansion 
measures.” 


Response: Please refer to Master Response 4 for a discussion related to the application of 
Appendix E to the 2022 Scoping Plan. The Recirculated Draft EA includes a discussion of 
reduced VMT actions associated with the 2022 Scoping Plan in Section 2.C.14. 
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668-11: The commenter states, “ii. CARB must conduct a cost savings and environmental 
impacts analysis for its VMT reduction measure. 


Under AB 197, CARB must identify (a) the range of projected GHG emissions reductions; (b) 
the range of projected air pollution reductions; and (c) the cost-effectiveness, including 
avoided social costs, for each proposed measure.127 While CARB includes VMT targets as an 
emissions reduction measure under all of the AB 32 GHG Inventory Alternatives, it has failed 
to analyze potential cost savings that the Draft Scoping Plan could achieve through VMT 
reductions. In their April 20, 2022 presentation, E3 noted that its modeling does not evaluate 
cost savings related to VMT reduction measures.128 CARB has not explained why it 
excluded, in violation of AB 197, any estimation of potential cost savings from the proposed 
VMT reduction measures, in violation of AB 197. 


The draft EA also fails to analyze the potential environmental impacts of the reasonably 
foreseeable responses to this measure, including expanding transit, active transportation, 
and “new mobility” options as specified in Appendix E. 


127 Cal. Health & Safety Code § 38562.7. 
128 Cal. Air Res. Bd. & Energy, Economy, and Environment Modeling, 2022 Scoping Plan 


Update - Initial Air Quality & Health Impacts and Economic Analyses Slide 3 (Apr. 20, 
2022), available at: https://ww2.arb.ca.gov/sites/default/files/2022-04/SP22-Initial-AQ-
Health-Econ-Results-ws-E3_0.pdf (“Costs for Vehicle Miles Traveled (VMT) Reduction 
Measures [are] not included”); See also Video, 2022 Scoping Plan Update - Initial Air 
Quality & Health Impacts and Economic Analyses Workshop, at 15:04-16:30, available at: 
https://www.youtube.com/watch?v=PtsFweUncT4.” 


Response: Please refer to response to comment 668-10. 


668-12: The commenter states, “iii. CARB fails to model or otherwise analyze feasibility, 
cost savings, and environmental impacts of potential active transportation expansion 
measures in the proposed AB 32 GHG Sector alternatives. 


In the Draft Scoping Plan, CARB staff also propose to “[i]nvest in making public transit a 
viable alternative to driving by increasing affordability, reliability, coverage, service 
frequency, and consumer experience”; and “reallocate[e] revenues to improve transit, 
bicycling, and other sustainable transportation choices”.129 Appendix E provides additional 
strategies, including (1) rescoping Caltrans’ project pipelines; (2) implementing 
recommendations in the Climate Action Plan for Transportation Infrastructure (CAPTI); (3) 
doubling transit coverage and service frequencies by 2030; and (4) increasing transit 
affordability through easing local and state-level funding restrictions.130 


Although CARB proposes various measures under the category of “Deploy ZEVs and reduce 
driving demand” in the Draft Scoping Plan, most of these measures focus on improving 
vehicle fuel economy and transitioning to electric or hydrogen powered vehicles, with the 
exception of the VMT reduction measure discussed above.131 
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CARB must analyze the measures to reduce driving demand, as outlined in Appendix E. 
These measures, including doubling transit coverage and service frequency by 2030, may 
facilitate greater emissions reductions at potentially lower cost than the one-to-one zero-
emission passenger vehicle adoption that CARB proposes. However, because transit 
expansion measures were not modeled in the draft alternatives, CARB did not compare the 
cost-effectiveness of these additional transportation measures against its proposals to 
increase deployment of zero-emission passenger vehicles and associated charging 
infrastructure. 


In light of CARB’s proposed strategy to expand transit and active transportation in the Draft 
Scoping Plan, CARB’s failure to conduct any modeling or analysis on cost savings or cost 
effectiveness of this measure, contrary to AB 197.132 


129 Draft Scoping Plan at 156. 
130 Appendix E at 13-16 (emphasis added). 
131 Draft Scoping Plan at 58-63, Table 2-2 (listing GHG reduction measures under Alternative 


3); Draft Scoping Plan, Appendix C at 2-10, Table C-1 (comparing measures for all AB 32 
GHG Inventory alternatives). 


132 Cal. Health & Safety Code § 38562.7.” 


Response: Please refer to response to comment 668-10. 


668-13: The commenter states, “CARB’s failure to effectuate its statutory and regulatory 
requirements necessitates significant revisions to its treatment of the electric sector. 
Moreover, its omission of critical information and failure to consider available resources 
evinces a basic lack of CEQA compliance, particularly in its project description and 
alternatives analysis. To remedy these shortcomings, the Board must adopt a scenario 
requiring the electric sector to achieve 0 MMT by 2035, and incorporate the above 
suggestions into the Draft Scoping Plan. Further, it must revise its Draft EA to incorporate a 
full analysis of the environmental impacts resulting from any scenario that CARB ultimately 
adopts. Moreover, the Draft EA must comply with CEQA’s mandate to avoid, where feasible, 
significant adverse effects to the environment. City of Arcadia v. State Water Res. Control 
Bd., 135 Cal. App. 4th 1392, 1422. This is the best way to ensure that California meets its air 
quality, climate, and equity goals and requirements.” 


Response: This comment provides policy recommendations, and notes that changes to the 
2022 Scoping Plan would need to be addressed in an updated First Draft EA. The comment 
does not raise an issue related to the adequacy, accuracy, or completeness of the First Draft 
EA and no further response is required. 


668-14: The commenter states, “CARB staff admits that its estimates do not capture local 
variation,163 which is likely to be significant with increased biomass emissions. Although CARB 
indicates in its EA that it analyzes community-level issues to the degree feasible and 
appropriate, it makes no attempt to discuss the reasonably foreseeable local impacts of its 
predicted expansion of biomass facilities.164 Neither the Draft Scoping plan nor the Draft EA 
take community-level impacts arising from new biomass into account, and they both also fail 
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to consider the increased GHGs that result from burning biomass by wrongfully assuming it is 
carbon neutral. Given that the locations of existing biomass plants is known, increased 
emissions are reasonably foreseeable, and failing to analyze them is a basic derogation of 
CEQA’s fundamental requirements to accurately describe, analyze and mitigate project 
impacts, and adopt less harmful alternatives. 


163 Draft Scoping Plan at 117 (“[i]n addition, emissions are reported at an air basin level and 
do not capture local variations. These estimates also do not account for impacts from 
global climate change, such as temperature rise, and are only based on the scenarios in 
this Draft 2022 Scoping Plan”). 


164 Draft EA at 7.” 


Response: Please refer to Master Response 1, regarding the level of specificity required for 
EAs. 


668-15: The commenter states, “ii. CARB errs by bailing to analyze and mitigate the 
impacts of GHG and co-pollutant emissions from exports. 


CARB staff states that “[e]ach of the scenarios is designed to achieve reductions in emissions 
from sources within the state.”165 The Draft Scoping Plan fails, however, to consider instate 
emissions from exported energy or from facilities that achieve statutory compliance through 
renewable energy credits (“RECs”).166 In fact, the Draft Scoping Plan fails to make any explicit 
reference to energy exports or RECs. The Draft EA includes cursory recognition of the 
potential for increasing exports of energy from dairy digesters and biomass generation 
facilities.167 However, it incorrectly fails to adopt, or even consider, any mitigation measures, 
such as prioritizing retirement of gas-fired generation in disadvantaged communities, that 
could address the impacts from generating energy for export or based on RECs. This failure 
contravenes CEQA’s clear mandate that CARB consider and mitigate significant 
environmental impacts to the extent feasible. 


The Draft Scoping Plan and the Draft EA must include an estimate of all electrical sector 
emissions in the state, regardless of whether the energy is exported or if a REC is later 
purchased. Section 38505 of the Health and Safety Code confirms this interpretation, 
defining “Statewide greenhouse gas emissions” as: 


The total annual emissions of greenhouse gases in the state, including all emissions of 
greenhouse gases from the generation of electricity delivered to and consumed in California, 
accounting for transmission and distribution line losses, whether the electricity is generated 
in state or imported. Statewide emissions shall be expressed in tons of carbon dioxide 
equivalents.168 


In other words, total annual emissions to be tallied must not exclude categories such as line 
losses. It in no way limits the emissions to be analyzed. The statute further defines “direct 
environmental benefits in the state” as “the reduction or avoidance of emissions of any air 
pollutant in the state.”169 Section 38530(b)(1) of the Health and Safety Code also requires 
“the monitoring and annual reporting of greenhouse gas emissions from greenhouse gas 
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emission sources beginning with the sources or categories of sources that contribute the 
most to statewide emissions.”170 As this plain language demonstrates, CARB must consider 
all emissions in the state, especially from sources such as power plants that contribute the 
most to statewide emissions. Therefore, this language mandates the inclusion of emissions 
from exports and RECs, and potential future increases of emissions from exports, in its Draft 
Scoping Plan and Draft EA. 


The requirement to consider both GHGs from imports and line losses does not in any way 
change the first, more general requirement to monitor and require reporting of all GHG 
emissions emitted in the state. This necessarily includes GHGs from electricity that suppliers 
export to other states. Exported power produces GHGs and harmful criteria and toxic co-
pollutants in communities, no matter where that energy is ultimately exported. 


CARB Staff’s failure in the Draft EA to analyze GHG and air pollution emissions related to 
exports, despite the projected increase in gas-fired generation,171 is in violation of its 
mandate to analyze the environmental impacts of this reasonably foreseeable compliance 
response under Alternative 3.172 CARB shirks its duty to explore the possibility that its 
proposed target will lead to increased exports and associated emissions. 


Furthermore, neither the Draft Scoping Plan nor the Draft EA consider the likelihood that 
some utilities will satisfy their Renewable Portfolio Standard (“RPS”) requirements by 
purchasing RECs. While the RPS requirements limit purchases of unbundled RECs, there still 
is a possibility that utilities will rely on RECs while still combusting fuel at facilities in the 
State. Therefore, CARB cannot rely on chimeric distinctions between actual in-state emissions 
and illusory emissions reductions secured through RECs. The failure to examine this potential 
is in error and must be included for consideration of any possible electric sector target. 


165 Draft Scoping Plan at 39. 
166 The Draft Scoping contains a similar treatment relating to exports of refined fuels. It 


notes, without further explanation, that its estimated demand reductions “do[] not 
assume any need for ongoing operations to support exports to neighboring states.” 
Nonetheless, it asserts that “[i]f demand assumes an ongoing need to support exports to 
neighboring states, the residual demand would require a five-fold increase in finished fuel 
imports.” Draft Scoping Plan at 84, fn. 150-51. 


167 Draft EA at 220, 226-27. 
168 Cal. Health & Safety Code § 38505(m). 
169 Cal. Health & Safety Code § 38562(c)(2)E(iii) (emphasis added). 
170 Cal. Health & Safety Code § 38530(b)(1). 
171 Draft Scoping Plan at 162. 
172 17 C.C.R. § 60004.2(a)(3). 
173 Draft Scoping Plan, Appendix H at 65.” 


Response: Please refer to Master Response 6. 


668-16: The commenter states, “starting than they do during full-load steady state 
operation.176 In fact, the pollution from one start at a natural gas power plant can be greater 
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than a full day of steady-state operations.177 The amount of pollution emitted in a start may 
vary significantly, emitting NOx anywhere from the equivalent of 5 to 38 hours of steady-
state operations .178 Although these estimates are based on permitted values, data shows 
that actual emissions can be even higher. For example, during a start in May of 2020, the 
Colusa facility emitted more than 900 pounds of NOx, more than 90 times its regular hourly 
rate of NOx emissions, during one start.179 These values demonstrate how significant startup 
emissions can be and why the Draft Scoping Plan and Draft EA must account for increased 
cycling of fossil fuel power plants to protect air quality. 


176 ASPEN ENVIRONMENTAL GROUP, supra note 174 at 100, Table 4.4-3. 
177 Id. This information is based on permitted values. The U.S. EPA tracks actual hourly rates 


of emissions, but it does not track startup emissions. Nevertheless, review of that data 
demonstrates that the hourly rate of emissions during startup is higher than steady-state 
emissions. See, e.g., U.S. EPA, Clean Air Markets Database, Panoche Energy Center 
Emissions (last visited June 23, 2022), available at https://ampd.epa.gov//ampd/. 


178 ASPEN ENVIRONMENTAL GROUP, supra note 174 at 99. 
179 See U.S. EPA, Clean Air Markets Database, Colusa Power Plant (May 28, 2020) (according 


to the continuous emissions monitor data, the plant emitted 145, 393, and 404 pounds of 
NOx during its first three hours of operation. After those first three hours, the next 11 
hours were between 8 and 10.5 pounds of NOx per hour), available at: 
https://ampd.epa.gov//ampd/.” 


Response: Please refer to response to comment 632-4, regarding cycling of gas plants. 


668-17: The commenter states, “In the Draft EA, CARB staff does not analyze the potential 
for increased air pollution from electrical generation facilities that are projected to utilize 
CCS, even though Staff admits that the Council of Environmental Quality has highlighted the 
need to “further assess and quantify potential impacts [of CCS deployment] on local criteria 
air pollutants and other emissions.”180 


180 Draft Scoping Plan at 70.” 


Response: Power supplies for CCS project would be provided by nearby renewable energy 
sources (see pages 217 to 218 of the First Draft EA). Chapter 4 of the First Draft EA contains 
an analysis of the impacts related to increase construction and development of renewable 
energy projects.  


668-18: The commenter states, “VIII. CARB Must Include an Analysis on the Effectiveness 
and Environmental Impacts of the Cap-and-Trade Program, and Consider Reforming Cap-
and-Trade In This Scoping Plan. 


As noted in the Draft Scoping Plan, CARB states that the Cap-and-Trade program is a critical 
“part of the portfolio to achieve the state’s GHG reduction targets.303 However, CARB 
improperly defers analysis or evaluation of California’s Cap-and-Trade program until 2023, 
after the adoption of the Final Scoping Plan.304 CARB must take this opportunity to analyze 
the effectiveness, as well as the environmental impacts, of the Cap-and-Trade program. 
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These analyses may give rise to new or modified regulatory measures and inform current and 
future decision-making related to the role of Cap-and-Trade in California. To facilitate 
informed policy solutions, further involve the public, and facilitate transparency, the Draft 
Scoping Plan must include robust analysis and modeling. The Draft Scoping Plan can also 
leverage existing analysis that has already identified major flaws in California’s Cap-and-
Trade design and implementation.  


By failing to provide these analyses, CARB paints an incomplete picture of the efficacy and 
environmental and health impacts of the Scoping Plan. Further, it ignores substantial 
evidence of significant environmental impacts resulting from its implementation of Cap-and-
Trade. Cap-and- Trade leads to emissions of harmful co-pollutants from covered facilities, the 
majority of which are within half a mile of a disadvantaged community.305 Another report 
issued in fall 2016 showed that the number of GHG-emitting facilities in an area is correlated 
with the percentage of people of color in that area.306 Further, as described in detail below, 
the continued issuance of offsets runs the risk of further jeopardizing these same 
communities. 


Consequently, CARB must also analyze and adopt reforms to Cap-and-Trade to reduce the 
program’s disproportionate air quality and other environmental impacts on low-income and 
disadvantaged communities. Although it is welcome information that Cap-and-Trade is likely 
to play a reduced role in California’s future climate policy,307 CARB fails to provide a 
compelling explanation for why the Draft Scoping Plan does not analyze or consider potential 
changes to the Cap-and-Trade program, particularly post-2030. Nor does it provide any firm 
guarantee that CARB will reduce the role of Cap-and-Trade through future regulatory 
processes. 


CARB has the necessary data to consider reforms to its Cap-and-Trade program during the 
Scoping Plan process. CARB’s failure to provide this data for public review and comment 
undermines the Board and public’s ability to comment on Cap-and-Trade in the context of 
other measures proposed in the Scoping Plans. Accordingly, we call for CARB Staff to adopt 
a revised Draft Scoping Plan that includes: (1) modeling and analysis of Cap-and-Trade’s 
efficacy and environmental impacts, and (2) consideration of potential reforms to its Cap-and-
Trade program. 


303 Draft Scoping Plan at 86. 
304 Id. at 87. 
305 CAL. OFFICE OF ENV’T HEALTH HAZARD ASSESSMENT. TRACKING AND EVALUATION 


OF BENEFITS AND IMPACTS OF GREENHOUSE GAS LIMITS IN DISADVANTAGED 
COMMUNITIES 22-23 (Jan. 2017), available at: 
https://oehha.ca.gov/media/downloads/environmentaljustice//impactsofghgpoliciesreport
020322.pdf. 


306 Manuel Pastor et al., A PRELIMINARY ENVIRONMENTAL EQUITY ASSESSMENT OF 
CALIFORNIA’S CAP-AND-TRADE PROGRAM, UC BERKELEY 2, Table 1 (Sept. 2016) 
(“neighborhoods with a facility that emitted localized GHGs within 2.5 miles have a 22 
percent higher proportion of residents of color and 21 percent higher proportion of 
residents living in poverty than neighborhoods that are not within 2.5 miles of such a 
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facility. Neighborhoods within 2.5 miles of a facility are also more than twice as likely to 
be among the worst statewide in terms of their CalEnviroScreen score, a relative ranking 
of cumulative impact based on indicators of social and environmental stressors to 
health”), available at: 
https://dornsife.usc.edu/assets/sites/242/docs/Climate_Equity_Brief_CA_Cap_and_Trade_
Sept2016_FINAL2.pdf. 


307 Draft Scoping Plan at 89.” 


Response: The Cap-and-Trade Program is not a part of the proposed project (see Chapter 2, 
“Project Description”, of the First Draft EA). Rather, it is an established regulatory program 
that already exists in the environmental baseline. The 2022 Scoping Plan Update does not 
alter or change the Cap-and-Trade Program. Therefore, no further analysis is necessary. 


668-19: The commenter states, “IX. CARB Should Not Rely on Dairy Digesters and 
BioMethane, and Should Directly Cap Livestock Methane Emissions to Ensure Effective 
Reductions.  


CARB’s proposed strategies to reduce livestock methane will not put California on course to 
effectively methane derived from livestock operations and will undermine California’s efforts 
to achieve the 40 percent methane emission reduction from 2013 levels by 2030 target set 
forth in SB 1383.327 However, CARB proposes to significantly expand dairy digesters, which 
commodify and perversely incentivize the production of manure and, consequently, 
associated climate and environmental impacts. CARB also proposes to address enteric 
emissions through unproven and speculative technologies. Further, CARB evinces a 
misplaced reliance on a continued reduction in California’s population of cattle, despite the 
potential for this trend to be counteracted through CARB’s incentive programs encouraging 
increased production of manure by awarding low carbon credits and other subsidies. In 
effect, CARB’s proposed measures on livestock methane will perpetuate pollution and health 
impacts in already overburdened communities, in violation of both AB 32 and SB 1383. 


327 Cal. Health and Safety Code § 39730.5” 


Response: Please refer to response to comment 177-6. 


668-20: The commenter states, “Moreover, the inadequacies identified herein render the 
Scoping Plan’s Draft Environmental Analysis (“Draft EA”) deficient under CEQA. While 
CARB's proposal to massively increase dairy digesters will directly and indirectly result in 
environmental and health impacts, CARB fails to adequately analyze these impacts in the 
Draft EA. The Draft EA fails to adequately disclose, analyze, and mitigate impacts to, among 
other resource areas, air quality, greenhouse gas emissions, water quality, biological 
resources, and agriculture and forest resources, from the Scoping Plan’s incentivization of 
dairy biogas. Promoting factory farm gas with windfall financial rewards has the perverse 
effect of actually increasing methane generation and entrenching the myriad co-pollutants 
and nuisances associated with ever larger dairies that would be producing this alternative 
fuel. CARB cannot ignore these serious environmental impacts.” 
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Response: Please refer to response to comment 177-6.  


The concerns presented in Attached 3 of this letter are addressed in Master Responses 2 and 
3; please see responses to comment letter 166 regarding issues raised in Attachment D of 
this letter. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 670 


6/24/2022 Chelsea Tu 


670-1: The commenter states, “Unfortunately, CARB's Proposed Scenario ("Alternative 3") 
and the Draft Scoping Plan fail to meet these clear mandates. As detailed in the proceeding 
sections, CARB has failed to meet these statutory directives for the following reasons: 


• Alternative 3, if adopted, will not ensure that California's GHG emission reduction 
measures are direct, equitable, and maximize the total benefits to California, in 
violation of both AB 32 and AB 197. 


• Alternative 3 will not allow the State to meet its 2030 emission reduction target and 
2045 carbon neutrality goal. 


• If adopted, Alternative 3 will create an overreliance on costly and high-risk mechanical 
carbon capture and sequestration ("CCS") and carbon dioxide removal ("CDR") 
actions. 


• Alternative 3 will perpetuate unacceptable climate, air quality, and health impacts 
resulting from the extraction and refining of oil and gas, transportation, electricity 
generation, building emissions, industrial agriculture, and livestock methane sectors. 


• CARB fails to analyze a range of viable and cost-effective alternatives that would allow 
CARB to meet all of the Scoping Plan's objectives while maximizing short and long-
term health, environmental, and economic benefits. See Attachment A: Real Zero 
Alternative. 


• Despite relying on Cap-and-Trade as a vehicle for emissions reductions, CARB 
improperly defers its analysis of California's Cap-and-Trade until after its adoption of 
the Final Scoping Plan. 


• Additionally, the environmental impacts, alternatives, public health, and social costs 
analyses in the Draft Scoping Plan and Draft EA are inadequate. 


As a result of these profound inadequacies, the Draft Scoping Plan and Draft EA fail to 
provide crucial information that the CARB Board needs in order to meaningfully evaluate the 
costs and benefits of each proposed alternative, and ensure that the alternative that is 
ultimately adopted will not disproportionately harm low-income and disadvantaged 
communities. As such, we request that the Board direct CARB staff to substantially revise the 
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Draft Scoping Plan and accompanying Draft EA to achieve compliance with the State's 
climate laws and the California Environmental Quality Act ("CEQA"). We specifically request 
that CARB analyze and adopt the Real Zero Alternative, attached below as Attachment A.  


We provide cross-sector comments on the Draft Scoping Plan and Draft EA in this letter. 
Additionally, we provide comments on CARB's proposed alternatives and measures focusing 
on specific AB 32 GHG Inventory sectors in a separate letter. 


Response: The comment provides a general opinion regarding the adequacy of the 
environmental impact and alternatives analysis. The comment does not raise an issue related 
to the adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 
Detailed comments are addressed separately below, as appropriate. 


670-2: The commenter states, “I. CARB fails to disclose the sources of its emissions 
estimates, making it impossible for the public to verify the accuracy of its project 
baseline regarding GHG emissions. 


CARB uses 2021 statewide emissions of GHGs as its project baseline for the Draft Scoping 
Plan's GHG emissions modeling and analysis in the Draft EA.4 Under CEQA, CARB must 
describe physical environmental conditions as they exist at the time the notice of preparation 
is published, or at the time the lead agency commences its environmental analysis. 5  


As detailed below, the Draft Scoping Plan and Draft EA's baseline GHG emissions estimate is 
unsubstantiated. CARB has not disclosed the source(s) of the emissions data included in its 
Modeling Data Spreadsheet. Therefore, it is impossible for the public to verify it. The GHG 
emissions modeling data that CARB includes in the Draft Scoping Plan is significantly lower 
than CARB' s own publicly-available emissions data. 6 The Draft Scoping Plan estimates that 
the 2021 baseline GHG emissions for the Reference Scenario totaled 381.8 MMT CO2e.7 
Alarmingly, this is more than 27 MMTCO2e less than CARB 's own provisional estimate of 
2021 emissions of 409 MMT CO2e.8 Even in 2019, GHG emissions under the Reference 
Scenario were 402.7 MMT, which is more than 15 MMT lower than the 418.1 MMT CO2e 
emissions level that CARB includes in its official GHG emissions inventory.9 


CARB fails to explain the significant discrepancy between its prior estimates and the 
reference scenario on which it relies. As such CARB must revise the Draft Scoping Plan's 
modeling and Draft EA to incorporate its provisional estimate of 2021 emissions, or include 
an updated estimate based on actual emissions in 2021 to ensure that the project baseline is 
based on available data supported by substantial evidence, in accordance with CEQA. 10 An 
accurate baseline, drawing from CARB's provisional estimate of sector-by-sector GHG 
emissions, would likely reveal greater total GHG emissions in 2030. Accordingly, CARB must 
ensure that the Final Scoping Plan acknowledges and addresses the significant discrepancy 
between its provisional estimate of 2021 emissions and its project baseline estimate-either by 
increasing direct emission reduction measures or adopting additional ones, as we propose in 
the Real Zero Alternative (see Attachment A) and throughout our comments.  
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4  Draft Scoping Plan at 88; Draft EA at 31.  
5  14 C.C.R. § 15125(a)(l); 14 C.C.R. § 15125(a)(3) (baselines cannot contain hypothetical 


conditions).  
6  See AB 32 GHG Inventory Sectors Modeling Data Spreadsheet. 


https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-
scoping-plan-documents [hereinafter (“Modeling Data Worksheets”)]. 


7 Id. 
8  See Cal. Air Res. Bd., Preliminary Assessments of California's 2020 and 2021 Greenhouse 


Gas Emissions for Budget Item 3900-001-3237 1 (Apr. 2022), available at: 
https://ww2.arb.ca.gov/sites/default/files/2022-
04/2021%20GHG%20Estimates%20Report%20for%20Item%203900-001-323 7%20-
%20Remediated.pdf.  


9  Draft Scoping Plan at 33; Cal. Air Res. Bd., Current California GHG Emission Inventory 
Data (last visited June 23, 2022), available at: https://ww2.arb.ca.gov/ghg-inventory-data. 


10 North County Advocates v. City of Carlsbad (2015) 241 Cal.App.4th 94. 


Response: Please refer to Master Response 5. The commenter does not otherwise identify 
any potential GHG emissions increases above the baseline, or other impacts resulting from 
the claimed inventory estimate differences. The 2022 Scoping Plan has been developed 
principally to reduce GHG emissions across the state, and there is no evidence to suggest it 
would lead to GHG increases compared to the existing environmental setting. No further 
response is necessary.  


Nevertheless, CARB provides the following response for transparency: Exact agreement 
between the California GHG emissions inventory and the Scoping Plan modeling inventory is 
not expected or necessary to inform the Scoping Plan and its recommendations. Rather, the 
goal is to ensure significant consistency between the estimates to provide confidence the 
plan and its recommendations can achieve the goals. The 2022 edition of the California GHG 
emission inventory released in late October 2022 included methodological updates inclusive 
of improved integration of Regulation for the Mandatory Reporting of Greenhouse Gas 
Emissions (MRR) third-party verified emissions data and other technical updates. 2019 
emissions are 3.3 percent lower than the previous inventory edition (404.5 MMTCO2e versus 
418.2 MMTCO2e). The CARB GHG emission inventory represents a data set compiled from 
various sources to show statewide emissions trends. MRR includes GHG emissions reporting 
and verification of that data for 85 percent of emissions included in the GHG emission 
inventory; therefore, MRR data is a subset of the larger inventory. For the 2022 Scoping Plan, 
the PATHWAYS model calibration used a sector-by-sector approach applying the best 
available data. MRR-reported data was used where available; if no MRR data was available, 
then GHG emission inventory data was used. The PATHWAYS model accounts for all sectors 
in the GHG emission inventory, and the model has not changed from the beginning of the 
Scoping Plan update process. The update to the inventory methodology shows even greater 
alignment between the Scoping Plan modeling and the latest publicly released AB 32 GHG 
Inventory. 



https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents

https://ww2.arb.ca.gov/our-work/programs/ab-32-climate-change-scoping-plan/2022-scoping-plan-documents

https://ww2.arb.ca.gov/ghg-inventory-data
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670-3: The commenter states, “II. Alternative 3 will not achieve the State's 2030 GHG 
emissions reduction target. 


SB 32 mandates that CARB reduce statewide emissions to below 259 MMT CO2e ( or 40 
percent below 1990 levels) by 2030.11 CARB incorporates this requirement into the Draft 
EA's Project Objective 2.12 Further, CARB must assess the State's progress towards achieving 
its 2030 emission reduction target (Project Objective 1 ). 13 As discussed in detail in our 
technical comments, many of CARB 's GHG reduction measures do not result in real-world 
emissions reductions or do not incorporate significant sources of GHGs from oil and gas, 
industrial, or agricultural sectors. Moreover, as noted above, CARB presents an 
unsubstantiated project baseline that likely underestimates overall emissions of GHGs in 
California. As such, although CARB claims that Alternative 3 will allow the State to meet its 
2030 target, 14 this statement is likely based on incorrect and overly-optimistic assumptions. 
Consequently, California is likely not on track to meeting its 2030 target based on CARB's 
2030 GHG emissions projection for the Reference Scenario.15 Further, in Appendix C, CARB 
fails to describe the quantity of GHG emissions reductions necessary under each proposed 
reduction measure to achieve its 2030 target.  


On the contrary, CARB will not be able to meet the 2030 target under Alternative 3. Among 
other things, CARB has incorrectly assumed that carbon capture and sequestration (CCS) 
technology at refineries had already been implemented and achieved substantial GHG 
emissions at refineries beginning 2021. This assumption is clearly false; refinery CCS 
technology has not been deployed at any California refinery. 16 Thus, accurate AB 32 GHG 
Sector modeling, including using a feasible timeline for deployment of CCS technology at 
refineries, would reveal that Alternative 3, which relies heavily on speculative CCS 
technology, will not meet the 2030 target. We discuss this fatal flaw in Section IV of our 
Sector-Specific Comments. 


Because Alternative 3 will not achieve the State's 2030 emission reduction target, CARB must 
analyze and adopt the Real Zero Alternative, in order to meet this goal and comply with SB 32. 


11  EO B-30-14 and SB 32; Legislative Analyst Office, Assessing California's Climate Policies-
Electricity Generation (Jan. 2020), available at: 
https://lao.ca.gov/Publications/Report/4131. 


12 Id. at 12. 
13  Draft EA at 11. 
14 Draft Scoping Plan at 56 ("The Proposed Scenario achieves GHG emission reductions that 


exceed levels expected based on existing policies represented in the Reference scenario, 
keeping California on track to achieve the SB 32 GHG reduction target for 2030 and 
become carbon neutral no later than 2045."). See also Draft Scoping Plan at 57 (Figure 2-
1 ). 


15 See Draft Scoping Plan at 90 (Figure 2-10).  
16 See Sector-Specific Comments, Section IV. 


Response: CARB disagrees with the commenter that the 2022 Scoping Plan would fail to 
achieve its goals. Furthermore, this comment does not raise specific issues related to the 



https://lao.ca.gov/Publications/Report/4131
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adequacy, accuracy, or completeness of the First Draft EA; rather, it presents policy 
questions or disagreements regarding the 2022 Scoping Plan itself. No further response is 
required by CEQA. No changes to the First Draft EA are required in response to this 
comment. 


Please also refer to responses to comments H246-1 and H636-1. 


670-4: The commenter states, “III. Alternative 3 will not achieve the State's 2045 carbon 
neutrality goal. 


CARB claims that Alternative 3 will meet the carbon neutrality goal established under 
Executive Order B-55-18, which directs the State to achieve net-zero emissions by 2045 .17 
(Project Objectives 1 & 2). However, contrary to this mandate and CARB's own goals, CARB's 
modeling data makes clear that all of the proposed alternatives will in fact result in net 15 
MMT CO2 emissions by 2045.18 


This discrepancy likely stems from CARB's error in assuming that Natural and Working Lands 
(NWL) Sector measures will act as a net carbon sink of 15 MMT CO2e per year by 2045.19 
CARB acknowledges that this assumption was incorrect: "[f]or purposes of the Draft 2022 
Scoping Plan, CARB assumed NWL could compensate for 15 MMTCO2e of residual 
emissions. This assumption was made prior to completion of the NWL GHG analysis 
described in Chapter 2."20 Indeed, CARB concludes that NWLs will be a net source of CO2, 
emitting 8 MMT CO2e per year from 2025 through 2045.21 Although CARB recognizes, in the 
Draft Scoping Plan, that NWLs will be a net source of emissions, this is not reflected in 
CARB's technical modeling spreadsheet. In actuality, CARB's claim that Alternative 3 will 
achieve net-zero emissions does not reflect any real pathway towards net neutrality, but 
rather represents an artifact of CARB 's prior, admittedly incorrect assumption that NWLs 
would be a net carbon sink. In total, this discrepancy accounts for a 23 MMT CO2e per year 
difference between CARB' s incorrect modeling assumptions and the actual GHG emissions 
resulting from implementation of Alternative 3.  


This error represents only one, albeit significant, discrepancy of many between CARB 's 
modeling assumptions and the actual climate implications of the Proposed Scenario. We 
further reiterate that CARB' s incorrect assumption that refinery CCS can achieve emissions 
reductions immediately-and may even be applied retroactively-jeopardizes any opportunity 
for CARB to achieve a true net-zero scenario by 2045.  


Because neither Alternative 3, nor any other proposed alternative, will achieve CARB's 2045 
carbon neutrality goal, CARB must analyze and adopt the Real Zero Alternative 
(Attachment A). 


17 Cal. Exec. Order No. B0-55-18 § 1; see also Draft EA at 11 (describing the Scoping Plan's 
goals of achieving carbon neutrality no later than 2045).  


18 AB 32 GHG Inventory Sectors Modeling Data, supra note 6.  
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19 Danny Cullenward, California's Draft Climate Change Scoping Plan is Incomplete, 
CARBONPLAN (May 17, 2022), available at: https://carbonplan.org/research/scoping-
plan-comments.  


20 Draft Scoping Plan at 94, fn. 165.  
21 Draft Scoping Plan at 72. 


Response: Please refer to response to comment H263-1. Furthermore, this comment does 
not raise specific issues related to the adequacy, accuracy, or completeness of the First Draft 
EA; rather, it presents policy questions or disagreements regarding the 2022 Scoping Plan 
itself. No further response is required by CEQA. No changes to the First Draft EA are 
required in response to this comment. 


670-5: The commenter states, “IV. CARB's alternatives analysis is inadequate. 


CARB 's Draft EA shall contain "[a] discussion of a reasonable range of alternatives to the 
proposed project [that] could feasibly attain most of the project objectives but could avoid or 
substantially lessen any of the identified significant impacts[]."22 CARB must discuss a 
reasonable range of alternatives in order to "foster informed decision making and public 
participation."23 Unfortunately, the alternatives sections in both the Draft Scoping Plan and 
Draft EA fail in several fundamental ways, which CARB must correct by revisiting its analysis 
of potential alternatives or adopting the attached Real Zero Alternative. We discuss these 
points in further detail below. 


A. CARB fails to analyze the same alternatives in the Draft Scoping Plan and Draft EA. 


The Draft Scoping Plan provides that "[flour scenarios for the AB 32 GHG Inventory and NWL 
were considered separately and helped to inform the Proposed Scenario."24 The Draft EA 
concludes that "CARB has identified a reasonable range of four alternatives that allow the 
public and CARB to understand the differences among the different approaches."25 
However, the alternatives analyzed in the Draft EA are drastically different from the proposed 
AB 32 GHG Inventory and NWL alternatives in the Draft Scoping Plan. As a result, there is 
simply no way that the alternatives analyzed in the Draft EA allow the Board to make an 
informed decision on completely different alternatives included in the Draft Scoping Plan. 26 


Specifically, in the Draft Scoping Plan, Alternatives 1 and 2 would allow the state to achieve 
carbon neutrality by 2035, while Alternatives 3 and 4 would allow the state to achieve carbon 
neutrality by 2045.27 The Draft Scoping Plan also provides four NWL alternatives with various 
management intensities for forest shrublands/chaparral/grasslands, croplands, developed 
lands, wetlands, and other lands. 28 The Draft EA, however, describes environmental impacts 
of a no project alternative and Alternatives A to C that are significantly different from the 
alternatives presented in the draft Scoping Plan. Below, we detail the ways in which the 
alternatives in the Draft EA differ from those presented in the Draft Scoping Plan, which 
again makes it impossible to understand the environmental impacts of the Draft Scoping 
Plan's alternatives or for the Board to make an informed decision, in violation of CEQA. 


22 17 C.C.R. § 60004.2(a)(5) ( citing 14 C.C.R. § 15126.6).  
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23  14 C.C.R. § 15126.6(a), (f) (lead agencies must consider a reasonable range of potentially 
feasible alternatives that will foster informed decision making and public participation).  


24  Draft Scoping Plan at 39.  
25  Draft EA at 252.  
26  14 C.C.R. § 15126.6; 17 C.C.R. Section 60004.2(a)(5).  
27  Draft Scoping Plan at 40, 43-47.  
28  Id. at 48-51, 64-65; Draft Scoping Plan, Appendix Cat 10-13, Table C-2.  
29 Draft EA at 256, 260. 


Response: The comment suggests that the CEQA document should have evaluated the same 
alternatives as the policy alternatives set forth in the 2022 Scoping Plan Update. However, 
the fundamental purposes of the 2022 Scoping Plan alternatives and the First Draft EA 
alternatives are different. The 2022 Scoping Plan’s policy alternatives were developed to 
evaluate the technical and policy-related advantages and disadvantages of several alternative 
policy approaches to the 2022 Scoping Plan. By contrast, the Alternatives Analysis in Section 
7 of the First Draft EA provides a discussion of whether and how each alternative meets the 
project’s objectives, and an analysis of each alternative’s potentially significant environmental 
impacts, with an eye toward reducing the 2022 Scoping Plan’s potentially significant 
environmental impacts. The purpose of the CEQA alternatives analysis is to determine 
whether different approaches to or variations of the project would reduce or eliminate 
significant project impacts, within the basic framework of the objectives, a principle that is 
consistent with CARB’s certified regulatory program requirements. The range of alternatives 
is governed by the “rule of reason,” which requires evaluation of only those alternatives 
“necessary to permit a reasoned choice” (Title 14 CCR Section 15126.6(f)). 


The First Draft EA evaluates a reasonable range of alternatives to the 2022 Scoping Plan that 
could reduce or eliminate the project’s significant effects on the environment while meeting 
most of the basic project objectives (Title 14 CCR Section 15126.6(a)). Pursuant to CARB’s 
certified regulatory program, the First Draft EA also contains an analysis of each alternative’s 
feasibility and the likelihood that it would substantially reduce any significant adverse 
environmental impacts identified in the impact analysis. 


Guidance for evaluation of alternatives is to include sufficient information about each 
alternative to allow meaningful evaluation, analysis, and comparison with the proposed 
project. A matrix displaying the major characteristics and significant environmental effects of 
each alternative may be used to summarize the comparison. If an alternative would cause one 
or more significant effects in addition to those that would be caused by the project as 
proposed, the significant effects of the alternative shall be discussed, but in less detail than 
the significant effects of the project as proposed (CEQA Guidelines 15126.6[d]). Table 7-1 of 
the First Draft EA provides a relative comparison of Scoping Plan Alternatives, and the 
analysis of alternatives in the First Draft EA provides a sufficient level of detail pursuant to 
CARB’s certified regulatory program. 
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670-6: The commenter states, “i. Alternative A 


• CARB claims that Alternative A in the Draft EA is the "most similar" to the AB 32 GHG 
Inventory Sector Alternative 1 in the Draft Scoping Plan. However, these two 
alternatives are fundamentally different, as Alternative A analyzes carbon neutrality by 
2045, not 2035.29 


Response: Please refer to response to comment 566-40 explaining the connection between 
Alternative A and AB 32 GHG Inventory Sector Alternative 1 relative to carbon neutrality 
timing. Note that CEQA does not require the CEQA alternatives set forth in the 
environmental document (which are developed pursuant to CEQA) to match another set of 
alternatives set forth in a policy document (which were developed for different policy reasons 
unrelated to CEQA compliance). The reasonable range of alternatives relevant to the CEQA 
analysis are those set forth in the First Draft EA. Those alternatives were developed 
specifically to satisfy CEQA’s alternatives analysis requirements, including that they help 
reduce or avoid one or more of the project’s environmental impacts, that they meet most of 
the basic project objectives, and that they be potentially feasible.  


670-7: The commenter states:  


“• CARB claims that Alternative A also contains an analysis on NWL Alternative 3/the 
Proposed Scenario. However, CARB fails to discuss any environmental or related 
health impacts of the land management strategies contained in NWL Alternative 3. 30 


30  Id. at 256-57 Table 7-1, 260-62.” 


Response: Please refer to response to comment 670-6 above. As described in Section 7.E.2 
and Table 7-1 of the First Draft EA, the Natural and Working Lands Actions are unchanged 
from the proposed 2022 Scoping Plan. Please also refer to response to comment 670-5. The 
purpose of the alternatives analysis is to determine whether different approaches to or 
variations of the project would reduce or eliminate significant project impacts, within the 
basic framework of the objectives, a principle that is consistent with CARB’s certified 
regulatory program requirements. Because no changes to Natural Working Land actions are 
included for Alternative A, compared to the 2022 Scoping Plan, it is not necessary to discuss 
any environmental or related health impacts of Natural and Working Lands 
recommendations. 


670-8: The commenter states, “ii. Alternative B 


• Alternative B in the Draft EA, which CARB claims is similar to Alternative 4 in the Draft 
Scoping Plan, is fundamentally different. Alternative B would not meet the zero-
emission goals for light-duty trucks, in contravention of both EO N-79-20 and Project 
Objective 5.31 


31  Id. At 263.” 
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Response: Please refer to response to comment 670-6. Please also refer to response to 
comment 566-40 explaining that that Alternative B aligns with AB 32 GHG Inventory Sectors 
Alternative 4 in the 2022 Scoping Plan. As disclosed in the modeling assumptions for 
Alternative 4 in the 2022 Scoping Plan, that scenario’s parameters for light-duty vehicles 
(LDV) are aligned with the AB 74 University of California Institute of Transportation Studies 
Report as it would achieve 100 percent of LDV sales being ZEV by 2040. CCR, Title 14, 
Section 15126.6 specifies that the range of reasonable alternatives to the project should 
include those that could feasibly accomplish most of the basic objectives of the project and 
could avoid or substantially lessen one or more of the significant effects. Therefore, there is 
no requirement that the alternatives meet all project objectives. Table 7-1 of the First Draft 
EA provides a comparison of alternatives that specifies the actions where Alternative B would 
be expected to have less impacts compared to the Scoping Plan Scenario (project). 


No changes to the First Draft EA are required in response to this comment. 


670-9: The commenter states:  


“• In Alternative B, CARB ignores likely significant environmental and health impacts 
resulting from the extensive build out and operation of mechanical CCS and carbon 
dioxide removal facilities. We discuss these impacts in more detail in Section IV of our 
Sector Specific Comments.” 


Response: Please refer to response to comment PH-1 and Master Response 2. Section 7.E.3 
contains a discussion of the environmental impacts related to Alternative B as compared to 
the 2022 Scoping Plan. This discussion includes the following text in the second paragraph 
on page 264, of the First Draft EA, regarding increased potential for environmental impacts 
relating to greater reliance on carbon dioxide removal technologies: 


Implementation of Draft EA Alternative B would increase the rate of deployment of 
low-carbon fuels, mechanical carbon dioxide removal and CCS, and manure 
management actions. Relative to the proposed project, increased feedstock cultivation 
associated with increased low-carbon fuel actions would increase impacts related to 
conversion of agricultural and forest land to other uses, potential for soil erosion, 
potential to generate polluted runoff associated with farm management practices 
(e.g., sediment, nutrients, pathogens, pesticides, metals, and salts), and noise 
associated with new facilities. In addition, increased implementation of mechanical 
carbon dioxide removal and CCS actions would increase the potential for new facilities 
to cause long-term aesthetic impacts, direct mortality of birds and bats through 
collision or capture by intake fans at direct air capture facilities, drawdown of 
groundwater supplies to support direct air capture facilities, and long-term effects on 
noise generation and quality of recreation experiences in generally undeveloped 
areas. Increased implementation of manure management actions would increase 
potential aesthetics, odor, and biological resources impacts. 


The comment does not provide any specific suggestions on how the analysis should be 
presented differently. No changes to the First Draft EA are necessary. 
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670-10: The commenter states:  


“• CARB claims that Alternative B contains an analysis on NWL measures contained in the 
Proposed Scenario. However, this is also unsupported, as CARB fails to discuss any 
environmental or related health impacts of the land management strategies contained 
in NWL Alternative 3. 32 


32  Id. at 256; 263-64.” 


Response: Please refer to response to comment 670-5. 


670-11: The commenter states, “iii. Alternative C 


• CARB claims that Alternative C in the draft EA considers the Proposed Scenario's AB 
32 GHG Inventory Sectors and NWL Alternative 2. 33 Contrary to CARB' s claim, 
Alternative C does not include any environmental impact analysis of Alternative 3 for 
the AB 32 GHG Inventory Sectors. 


33  Id. at 263.” 


Response: Alternative C is described in Section 7.E.4 of the First Draft EA. As noted in the 
title of this section, the AB 32 GHG Inventory Sector activities are unchanged from the 2022 
Scoping Plan. Please refer to response to comment 670-5 for a discussion on the 
requirements for the alternatives analysis. 


670-12: The commenter states, “iv. Other Significant Errors and Omissions in the draft EA 


• Shockingly, the draft EA fails to include any environmental impact analysis of: 
• Alternatives 2 for AB 32 GHG Inventory Sectors, nor 
• Alternatives 1 and 4 for the NWL scenarios. 34 


34  Id. At 256.” 


Response: Please refer to response to comment 670-5. 


670-13: The commenter states:  


“• The Proposed Scenario is not defined in the Draft EA. Given that none of the 
alternatives analyzed in the Draft Scoping Plan and the Draft EA are the same for the 
AB 32 GHG Inventory Sectors or NWL Sectors, CARB must include, in the Draft EA, 
the full range of reasonably foreseeable environmental impacts under the Proposed 
Scenario.” 


Response: Chapter 2 of the First Draft EA provides a summary of the proposed 2022 
Scoping Plan and the recommended measures for purposes of the impact analysis. Please 
refer to response to comment 670-5 for a discussion related to the requirements for 
alternatives discussions under CEQA. 
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670-14: The commenter states, “In sum, CARB must revise the Draft Scoping Plan and EA so 
that all of the AB 32 GHG Inventory and NWL Sector Alternatives analyzed in the revised 
documents are the same, and that the Proposed Scenario is clearly defined. Only then can 
the CARB Board and the public evaluate and compare the different environmental impacts of 
these alternatives as mandated by CEQA.” 


Response: Please refer to response to comment 670-5 for a discussion related to the 
requirements for alternatives discussions under CEQA. 


670-15: The commenter states, “B. Alternative 3 is not a reasonable alternative as it will not 
allow the Scoping Plan to feasibly meet most of its project objectives. 


To the extent that Alternative 3 is analyzed in the Draft EA or will be analyzed in a revised 
draft environmental analysis, it should be rejected as it is not feasible and will not be able to 
meet most of the Scoping Plan's project objectives.35 Unfortunately, as discussed in Sections II 
and III above, Alternative 3 will fail to meet the Scoping Plan's Project Objectives 1 and 2. 
Additionally, we discuss in this letter and in our Sector-Specific Comments how CARB has 
failed to ensure that Alternative 3 and associated measures do not disproportionately impact 
low-income communities (Objective 13); do not worsen air pollution and toxic air 
contaminant emissions (Objective 14); consider overall societal benefits, including air 
pollution reduction and public health benefits (Objective 15); maximize additional 
environmental and economic benefits (Objective 18); and consider the social costs and 
prioritize direct emissions reductions (Objective 20). Therefore, Alternative 3 is not a 
reasonable alternative and should not be considered or adopted by CARB. 


35 17 C.C.R. § 60004.2(a)(5); 14 C.C.R. § 15126.6.” 


Response: The Scoping Plan Scenario, which comes from Alternative 3 identified in the Draft 
2022 Scoping Plan, meets all of the EA project objectives, including the specific objectives 
cited by the commenter. As described in Chapter 296 of the 2022 Scoping Plan and Chapter 
4, Section 8 of the EA, the modeling for the Scoping Plan Scenario shows achievement of the 
SB 32 target and 85 percent reduction in GHG emissions by 2045. The outcomes of the 
actions for the Scoping Plan Scenario drive the substantial GHG reductions by cutting 
combustion, cutting petroleum extraction and supply as demand reduces, and reducing 
harmful agricultural practices amplified by the implementation priorities in the plan, such as 
prioritizing heavy-duty ZEV deployment in regions with the highest concentrations of harmful 
criteria and toxic emissions. The reductions in fossil fuel combustion and the implementation 
priorities called for in the 2022 Scoping Plan will provide some of the greatest benefits to 
communities located adjacent to freeways and stationary sources, who have 
disproportionately high exposure to harmful pollutants. The Scoping Plan Scenario will 
provide important improvements in air quality throughout California, including reductions in 
the levels of ozone and PM2.5, as described in Chapter 3 of the Scoping Plan and in Section 
3.b of the First Draft EA. These reductions in air pollution exposure result in public health 


 
96 See also E3. 2022. CARB Draft Scoping Plan: AB32 Source Emissions Initial Modeling Results. 
https://ww2.arb.ca.gov/sites/default/files/ 2022-03/SP22-Model-Results-E3-ppt.pdf 
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benefits from avoided incidence of harmful health impacts such as premature mortality, and 
additional public health analysis conducted for co-benefit areas comparing status quo to a 
decarbonized economy (e.g., decarbonizing the economy will lead to changes in traffic 
pollution, wildfire smoke, mobility and physical activity, urban greening, heat, affordable 
housing, food security, and economic security) lead to health improvements and increased 
community resilience from climate effects. Furthermore, the technical analyses described in 
Chapter 3 of the Scoping Plan used the most recent social cost of carbon values to estimate 
the cost of avoided damages, with the actions in the AB 32 GHG Inventory Sectors of the 
Scoping Plan Scenario avoiding economic damages of $6.5 – 23.9 billion in 2045. The 
monetary value of health benefits from improved air quality would also be substantial due in 
large part to the significant reductions in fossil fuel combustion; the modeling shows over 
$200 billion in estimated health benefits by reducing incidences of health impacts including 
asthma, heart and respiratory diseases. The economic analysis in Chapter 3 of the Scoping 
Plan shows the Scoping Plan Scenario achieves these significant benefits while having some 
of the least impacts to the economy, household income, overall costs for the transition, and 
jobs. The Scoping Plan Scenario also includes the emissions and sequestration from natural 
and working lands as part of the path to carbon neutrality, and recommends significant 
increases in climate smart management of California’s land, relative to historical levels. 
Increasing climate smart management on lands will reduce GHG emissions, reduce air quality 
impacts from wildfire emissions, improve soil health, protect and restore lands for future 
generations, and provide numerous other benefits. Statutes direct balancing the state’s 
climate strategy across many factors. The Scoping Plan Scenario is the most feasible 
alternative, which also delivers significant benefits with the least disruption to the economy 
and jobs.  


No changes to the First Draft EA are required in response to this comment. 


670-16: The commenter states, “C. CARB's inclusion of mechanical carbon capture and 
sequestration and carbon dioxide removal in all of the AB 32 GHG Inventory Sector 
alternatives artificially narrows the alternatives in a way that forecloses meaningful 
consideration of alternatives that do not contain these unnecessary and infeasible 
technologies 


Unfortunately, three of the four proposed AB 32 GHG Inventory alternatives in the Draft 
Scoping Plan, and most of the alternatives included in the Draft EA, heavily rely on 
mechanical carbon capture and sequestration ("CCS") and carbon dioxide removal ("CDR")." 
This artificially narrows CARB's alternative analysis in a manner that forecloses the Board's 
ability to meaningfully consider alternatives that do not rely on CCS on industrial facilities 
such as refineries, and thus their ability to make an informed decision. 36 


Additionally, as we discuss in Section IV of our Sector-Specific comments, CCS, in particular 
on refineries, is not feasible. By focusing on unproven and currently infeasible technologies-
to the detriment of effective alternatives that do not overzealously promote CCS and CDR-
CARB fails to analyze a reasonable range of alternatives that are feasible and incorporate 
stronger direct emissions reduction measures to meet the Scoping Plan's project objectives.  
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To ensure that CARB provides a reasonable range of feasible alternatives that do not 
artificially narrow the Draft Scoping Plan and Draft EA' s alternatives analysis, we recommend 
that CARB analyze a new alternative-the Real Zero Alternative-that will meet all of the 
Scoping Plan's project objectives, including reducing GHG emissions to 80-92% below 1990 
levels by 2045, and avoiding disproportionate harm to low-income and disadvantaged 
communities. The Real Zero Alternative also allows California to naturally transition internal 
combustion vehicles to ZEV s. See more details in Attachment A: Real Zero Alternative.  


36 CEQA Guidelines§ 15126.6(a), (f) (lead agencies must consider a reasonable range of 
potentially feasible alternatives that will foster informed decision making and public 
participation).” 


Response: Please refer to Master Response 3 regarding the role of CCS and mechanical CDR 
in the carbon neutrality scenarios evaluated for the 2022 Scoping Plan.  


The comment also states that the CEQA analysis fails to analyze a reasonable range of 
alternatives with stronger direct emissions reductions. The scenarios developed for the 2022 
Scoping Plan were informed by more than 400 written comments from individuals, 
environmental justice organizations and industry groups, as well as feedback acquired 
through stakeholder meetings and workshops with Tribes. CARB staff used this feedback to 
design scenarios for both the AB 32 Inventory Sector and Natural and Working Lands Sector 
sources for modeling. Alternative 1 (in the Draft 2022 Scoping Plan) had the highest level of 
GHG emissions reductions from the AB 32 Inventory Sectors to achieve carbon neutrality by 
2035, with minimal reliance on CCS.97 Alternative 1 was used as the basis for Alternative A in 
the First Draft EA.  


Please refer to the Chapter 7 of the First Draft EA for more details regarding the 
requirements for an alternatives analysis under CARB certified regulatory program and the 
specific analyses for each of the four (including No-Project) alternatives analyzed. Note, also, 
that a primary purpose of a CEQA alternatives analysis is to reduce or avoid significant 
environmental impacts that could potentially result from the proposed project, as well as 
considering feasibility, and meeting meet most of the basic project objectives. The 
alternatives analyzed in the EA were developed specifically to satisfy CEQA’s alternatives 
analysis requirements; CEQA does not require analysis of every potential variation on an 
alternative. The comment appears to be addressed at policy considerations involved in 
evaluating alternatives, rather than CEQA alternatives considerations. The comment does not 
otherwise address the adequacy, accuracy, or completeness of the First Draft EA; therefore, 
no changes to the EA are required in response to this comment.  


670-17: The commenter states, “V. CARB fails to describe the environmental setting in 
low-income and disadvantaged communities. 


CARB must provide a "description of the applicable environmental and regulatory setting for 
the project" in its environmental analysis. 37 The purpose of the environmental setting 


 
97 See Draft 2022 Scoping Plan at 44; Final 2022 Scoping Plan at 65. 
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description is "to give the public and decision makers the most accurate and understandable 
picture practically possible of the project's likely near-term and long-term impacts."38  


In addition, AB 32 requires and CARB includes as Objective 13 that the "activities undertaken 
to comply with [proposed GHG emission reduction] measures do not disproportionately 
impact low-income communities".39 Similarly, AB 197 requires CARB to ensure that the 
Scoping Plan's measures "protect the state's most impacted and disadvantaged 
communities."40 In light of these statutory mandates and Objective 13, the Draft EA's 
environmental setting discussion must describe existing environmental conditions in 
California's low-income and disadvantaged communities.  


Unfortunately, CARB fails to describe existing physical conditions in low-income and 
disadvantaged communities in the Draft EA. Rather, Attachment A to the Draft EA 
(Environmental and Regulatory Setting) only discusses existing physical conditions and 
climate laws and regulations in California generally. As we discuss throughout this and our 
Sector-Specific Comments, the environment in which low-income and disadvantaged 
communities live is disproportionately polluted, and therefore are distinct from the 
environmental setting for California as a whole. Without explicitly including the baseline 
conditions facing low-income and disadvantaged communities, CARB would not be able to 
analyze and disclose whether the Scoping Plan's measures will result in short- and long-term 
impacts in these communities, in violation of CEQA, AB 32, and AB 197.  


CARB must therefore revise Attachment A to the Draft EA to explicitly describe the existing 
environmental conditions in low-income and disadvantaged communities in California. 


37 17 C.C.R. § 60004.2(a)(2).  
38 14 C.C.R. § 15125(a).  
39 Cal. Health & Safety Code§ 38562(b)(2); Draft EA at 13 (Project Objective 13).  
40 Cal. Health & Safety Code § 38562.5.  


Response: The comment claims CARB should have developed alternate more-specific 
versions of its statement of existing physical conditions for “low income and disadvantaged 
communities”.  


CEQA provides that an EIR must “include a description of the physical environmental 
conditions in the vicinity of the project. This environmental setting will normally constitute the 
baseline physical conditions by which a lead agency determines whether an impact is 
significant.” (14 C.C.R. § 15125.) 


In developing the Scoping Plan, a fundamental purpose is to achieve deep GHG reductions 
across the entire state. The scope of the proposed project is fundamentally statewide. CEQA 
does not require CARB to develop an array of differing environmental setting descriptions for 
an unknown number of communities in the state; the proposed project is statewide. It is also 
unclear how the communities referred to by the commenter would be identified or defined, 
even if CARB attempted to generate the requested differing environmental settings. 
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CEQA also provides that “[t]he description of the environmental setting shall be no longer 
than is necessary to provide an understanding of the significant effects of the proposed 
project and its alternatives.” (14 C.C.R. § 15125.) Developing differing environmental settings 
for different areas of the state would serve no informational value relating to CEQA. There is 
no evidence that the Scoping Plan would in any way disproportionately impact low-income or 
disadvantaged communities. The 2022 Scoping Plan acknowledges that historical practices 
have resulted in low-income communities and communities of color being disproportionately 
exposed to pollution burdens and corresponding health effects. Implementation of the 2022 
Scoping Plan will lead to transformation across sectors by nearly eliminating fossil fuel 
consumption in the state and moving to clean energy, zero-emission vehicles, energy-
efficient homes, sustainable agriculture, and resilient natural and working lands. The plan 
prioritizes working with the most impacted communities so strategies address their needs 
and including equity considerations to ensure the transition is affordable and accessible. The 
2022 Scoping Plan also includes a new tool, the Climate Vulnerability Metric (CMV), to 
identify which communities will be least resilient to selected climate impacts and will 
therefore face disproportionate economic impacts from climate change. The CVM will enable 
the State to target programs and policies to build resiliency in the regions where climate 
impacts will be felt more acutely due to existing health and opportunity disparities leading to 
disproportionate economic impacts, making it a critical tool for addressing climate impacts 
while accounting for environmental injustices and racial inequities. CARB and the 2022 
Scoping Plan strongly prioritize achieving emissions reductions and benefits for all 
Californians, including those living in disadvantaged communities.  


The remaining aspects of the comment appear to raise social, economic, or environmental 
justice issues, which are not physical environmental impact topics that must be analyzed 
pursuant to CEQA. The comment does not raise an issue related to the adequacy, accuracy, 
or completeness of the First Draft EA and no further response is required. No changes to the 
First Draft EA are required in response to this comment. 


670-18: The commenter states, “VI. CARB fails to analyze the health effects that the Draft 
Scoping Plan would have on low-income and disadvantaged communities in the draft EA. 


The Draft EA fails to analyze the Draft Scoping Plan's impacts on human health, in particular 
in low-income and disadvantaged communities.  


The draft EA must include "[a] discussion and consideration of environmental impacts, 
adverse or beneficial, and feasible mitigation measures which could minimize significant 
adverse impacts identified".41 Section 15126.2(a) of the CEQA Guidelines clarifies that 
environmental documents shall clearly identify and describe direct and indirect significant 
environmental effects of the project on the environment, including "health and safety 
problems caused by the physical changes .... "42 Relatedly, a project may have a significant 
effect on the environment if "[t]he environmental effects of a project will cause substantial 
adverse effects on human beings, either directly or indirectly," among other criteria.43 


As discussed above, CARB is also required, under AB 32 and AB 197, to ensure that the 
Scoping Plan's measures protect and not cause disproportionate impacts to low-income and 
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disadvantaged communities. In light of these statutory mandates, CARB must also analyze 
and disclose the nature and magnitude of the measure's human health impacts in low-income 
communities and disadvantaged communities.  


CARB includes health benefit estimates from projected PM2.5 and ozone reduction under 
the various proposed alternatives, in its discussion on long-term air quality impacts.44 
Unfortunately, the rest of the Draft EA fails to discuss the potential human health impacts 
that could result from the Draft Scoping Plan's reasonably foreseeable compliance responses. 
Nor does CARB specifically analyze health impacts in low-income and disadvantaged 
communities in the Draft EA or elsewhere in the Draft Scoping Plan.  


CARB must therefore analyze the health impacts of each reasonably foreseeable compliance 
response, in order to comply with CEQA and ensure that the Board and the public 
understand the short- and long-term health impacts of the Scoping Plan, in particular in low-
income and disadvantaged communities. 


41 17 C.C.R. § 60004.2(a)(3). 
42 14 C.C.R. § 15126.2(a).  
43 Cal. Pub. Res. Code§ 21083(b)(3).  
44 Draft EA at 68-71.  


Response: Chapter 4 of the First Draft EA contains an analysis of environmental impacts and 
mitigation measures associated with implementation of the 2022 Scoping Plan. Furthermore, 
CARB disagrees that the 2022 Scoping Plan presents potential adverse health impacts, 
including to low-income or disadvantaged communities. The commenter does not provide 
specifics regarding these claimed impacts, and no further response is necessary. The 
comment additionally appears to raise social and economic issues that are not required to be 
analyzed pursuant to CEQA. The comment does not raise an issue related to the adequacy, 
accuracy, or completeness of the First Draft EA and no further response is required. No 
changes to the First Draft EA are required in response to this comment. 


670-19: The commenter states, “VII. CARB's public health analyses are inadequate and 
misleading. 


We appreciate CARB staff's effort in providing preliminary public health analyses on the Draft 
Scoping Plan. However, the Draft Scoping Plan provides piecemeal, incomparable, and 
misleading analyses and therefore fails to provide critical information that the CARB Board 
needs to meet its legal obligation and ensure that the Final Scoping Plan minimizes negative 
health impacts and maximizes health benefits, particularly for low-income and disadvantaged 
communities.  


Under AB 32, CARB shall "consider overall societal benefits, including reductions in other air 
pollutants ... and other benefits to the economy, environment, and public health" when 
adopting GHG emission reduction measures in the Scoping Plan.45 Relatedly, under AB 197, 
CARB must identify: (a) the range of projected GHG emissions reductions; (b) the range of 
projected air pollution reductions; and ( c) the cost-effectiveness, including avoided social 
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costs, for each proposed measure. 46 Social costs estimates must include the economic 
damages to public health, among other criteria. 47 


Ultimately, CARB must design GHG emission reduction measures "in a manner that is 
equitable, [and] seeks to minimize costs and maximize the total benefits to California []."48 
CARB must ensure that it reduces GHG emissions in a way that "benefits the state's most 
disadvantaged communities,"49 and "do not disproportionately impact low-income 
communities".50 


To meet the above statutory requirements, CARB must estimate how much overall air 
pollution reduction would be achieved under each proposed GHG emission reduction 
measure by 2045. CARB must also analyze both the short and long-term negative health 
impacts and benefits that each measure would bring, in particular in low-income and 
disadvantaged communities. These comprehensive public health analyses are necessary for 
the Board to be adequately informed so it can select the scenario or a combination of 
measures that would meet its statutory requirements, maximize health benefits, and minimize 
harm to low-income and disadvantaged communities. 


Instead, CARB staff presents a partial, flawed public health analysis in the Draft Scoping Plan: 


• For the proposed AB 32 GHG Inventory Sector alternatives, CARB provides an 
estimate of: 


o Avoided short-term negative health incidents and health benefits in monetary 
terms (i.e. health savings) for the months of January and July 2045, based on 
projected PM2.5 and ozone precursor emissions reductions under each 
proposed alternative. 51  


o A voided negative health incidents for the five measures "that are represented 
by changes to fuel combustion," in the years 2035 and 2045.52 


• For the NWL alternatives, an estimate of: 
o Average annual avoided negative health incidents from 2025-2045, based on 


projected forest, shrubland, and grassland wildfire PM2.5 emissions reductions. 53  
o Average annual relative health savings, based on projected forest, shrubland, 


and grassland wildfire PM2.5 emissions reductions. 54 
• A qualitative analysis of health benefits of ''take action" scenarios versus the "no 


action" scenario. 55 


Unfortunately, these quantitative analyses are based on arbitrary or unsubstantiated 
modeling assumptions, partial data, and inconsistent methodologies-all of which lead to 
partial, misleading, and incomparable results. Accordingly, the Draft Scoping Plan's 
incomplete and inconsistent public health analyses fails to provide the information that the 
CARB Board needs in order to evaluate which measures and alternatives would provide the 
greatest health benefits to Californians, and balance health benefits with other societal costs 
and benefits as mandated by AB 32, SB 32, and AB 197. As we detail below, CARB staff's 
decision to conduct piecemeal and incomparable health analyses is arbitrary and in violation 
of these laws. We urge CARB staff to substantially revise the draft health analyses in order to 
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allow CARB to meet its statutory mandates, and to allow the Board to meaningfully compare 
the costs and benefits of each proposed measure and alternative. 


A.  CARB's Analysis on Short-term Health Savings of AB 32 GHG Inventory Sector 
Alternatives Is Inadequate for Meaningful Cost-Benefit Analysis, In Violation of AB 32. 


CARB's preliminary health benefits and savings analyses for PM2.5 and ozone for only two 
months in 2045 result in extremely short-term and incomplete estimates that should not be 
used in CARB's analysis of the cost-effectiveness of the AB 32 GHG Inventory Sector 
alternatives. Yet, CARB inappropriately compares apples to oranges by weighing the 
estimated health savings for two months in 2045 from projected PM2.5 and ozone emissions 
reductions against estimated economic costs (direct costs, economic growth, and jobs) in the 
entire years of 2035 and 2045.56  


CARB acknowledges that its health incident reductions and health savings estimates are 
episodic and do not amount to a comprehensive analysis of health benefits for the year of 
2045 or over the Scoping Plan period. 57 Accordingly, CARB acknowledges that the value of 
short-term exposure health benefits is significantly lower than estimates of long-term 
exposure.  


CARB has the ability to analyze long-term health benefits. CARB states that "BenMAP can be 
used to estimate long-term health impacts such as those occurring from annual average 
PM2.5 changes []."58 CARB's decision not to analyze avoided health incidents and health 
savings over the Scoping Plan period or another longer period of time is arbitrary, especially 
given its ability to do so and its legal mandate to "maximize total benefits to California," 
consider overall societal benefits, social costs, and ensure the cost-effectiveness of each GHG 
emission reduction measure. 59 As we discussed above, it is impossible for CARB Board 
members to fulfill these mandates without being able to meaningfully compare the costs and 
benefits of the proposed alternatives and measures.  


CARB's arbitrary decision to only analyze two months of data is especially irresponsible given 
that its sister agency, the Office of Environmental Health Hazard Assessment (OEHHA), 
recently used BenMAP to project long-term (2020 to 2045) health benefits of implementation 
of 100% electric heavy-duty vehicles by 2045.60  


Currently, CARB estimates that 362-606 premature deaths would be avoided in January and 
July, 2045.61 If CARB analyzes health benefits and in tum, health savings, over the Scoping 
Plan period of 2021 to 2045, it would likely project an exponential increase in health savings 
than its current estimates.  


In sum, we strongly recommend that CARB revise its AB 32 GHG Inventory Sector Alternative 
health analyses to disclose health savings based on average annual health benefits from the 
baseline year of 2020 through 2045 so that CARB Board members and the public can truly 
compare health benefits against other costs and benefits.  
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We highlight other arbitrary, unexplained, and unsubstantiated aspects of CARB's AB 32 
GHG Inventory Sector alternative health analyses: 


• Inexplicably, emissions reductions, reductions in health incidents, and health savings 
for PM2.5 by itself are only presented for only January 2045, and are not compared to 
a reference scenario. 62 


• Health savings for "total health benefits" are also presented only for January and July 
2045, and are not compared to a reference scenario.63 CARB also fails to define 
"[t]otal health benefits." 


 
B. CARB Fails to Adequately Analyze Health Benefits and Savings in Low-income and 


Disadvantaged Communities. 


CARB estimates that health savings in disadvantaged communities from the AB 32 GHG 
Inventory Sector Alternatives range from $2.5 to $4.7 billion, based on only two months of 
data in January and July 2045.64 Unfortunately, this analysis fails in several ways. 


First, CARB's analysis does not allow CARB to meet its AB 32 mandate to ensure that the 
Scoping Plan does not disproportionately impact low-income communities. In order to 
analyze whether low-income communities are disproportionately impacted by the Scoping 
Plan's alternatives and measures, CARB should have compared health savings in low-income 
communities, not DACs, to higher-income communities.  


Additionally, at the April 20, 2022 workshop, experts from UC Irvine also stated that they 
have the ability to evaluate public health impacts of GHG emissions reduction measures in 
disadvantaged communities. 65 Yet CARB fails to present any information on public health 
impacts and benefits of the measures for each disadvantaged community. Similarly, while 
CARB calculated health savings in DACs at a 4km x 4 km granularity, and acknowledges that 
the results "can then be reasonably down-scaled to the census tract level," it has failed to 
disclose this information in the Draft Scoping Plan. CARB must revise the Draft Scoping Plan 
to analyze and disclose health savings data at the census tract level.  


In addition, the Integrated Transportation and Health Impacts Model (Cal-iTHIM) shows that 
increased physical activity from active transport and reduced vehicle miles traveled (VMT) 
yield significant health benefits and as a result significant health savings. The draft scoping 
plan fails to integrate these significant VMT health benefits into its analysis. 66 


C. CARB Fails to Conduct Pollution Reduction, Health Benefits, and Health Savings 
Analyses for NOx, ROG, and Other Criteria and Toxic Air Contaminants, m Violation of 
AB 32 and AB 197. 


CARB has completely failed to conduct health analyses for nitrogen oxides (NOx) and 
reactive organic gases (ROG), and other criteria and toxic air contaminants. AB 32 requires 
CARB to "consider overall societal benefits, including reductions in other air pollutants ... and 
other benefits to the economy, environment, and public health". 67 Under AB 197, CARB 
must identify: (a) the range of projected GHG emissions reductions; (b) the range of 
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projected air pollution reductions; and ( c) the cost-effectiveness, including avoided social 
costs, for each proposed measure.68 


In the Draft Scoping Plan, CARB presents emissions reductions data for three primary 
pollutants, NOx, particular matter (PM), ROG, as well as two secondary pollutants, ground-
level ozone and fine PM (PM2.5).69 CARB recognizes that "both primary (emitted) and 
secondary (formed) pollutants are important from a public health standpoint and contribute 
to the incidents of air pollution-related mortality and disease within California populations". 70 


CARB estimates that NOx emissions will be reduced by 89 percent under Alternative 1 and 
43 percent under Alternative 4 in 2045, compared to 2020 baseline emissions.71 However, 
CARB fails to explain why it does not take the necessary next step to evaluate the avoided 
negative health incidents and health savings for NOx, as it does for PM2.5 and ozone. CARB 
fails to provide any evidence on why it has not conducted this analysis despite recognizing 
that primary pollutants are important contributors to air-pollution related health incidents, as 
discussed above. Similarly, CARB fails to analyze the public health benefits of projected ROG 
emissions reductions, and fails to substantiate this decision. 


In Table H-38 of Appendix H, CARB also estimates emissions reduction of NOx, PM2.5, and 
ROG under each alternative in January and July of 2045.72 However, CARB fails to explain 
whether these estimates are relative to the same 2020 baseline and 2045 Reference Scenario 
as used in the 2045 NOx emissions reduction estimates in Figure H-4. Without knowing this 
information, it is impossible to understand the relevance of the information presented in 
Table H-38.  


Furthermore, CARB must analyze the public health impacts of reducing other criteria and 
toxic air contaminants, such as benzene, (a known carcinogen), and diesel particulate matter, 
for each alternative. CARB recognizes that it has not studied the health benefits of reducing 
benzene and other toxic air contaminants, which pose "known risks to public health". 73 The 
fact that toxic air contaminants are regulated via local rules and regulations does not excuse 
CARB from fulfilling its legal requirements under AB 32 and AB 197. Indeed, CARB already 
has emissions data on both criteria air pollutants and toxic air contaminants from existing 
stationary sources. 74 We urge CARB to analyze the health impacts of projected reductions 
for all criteria air pollutants and toxic air contaminants associated with GHG emission 
reduction measures. 


D. CARB's Health Analysis on Select GHG Emission Reduction Measures Violates AB 197. 


CARB also presents, in Appendix C (AB 197 Analysis), an analysis on relative avoided 
mortality and other negative health incidents for specific measures in the years 2035 and 
2045. 75 As discussed above, AB 197 requires CARB to identify a range of GHGs, air 
pollutants, and assess the cost-effectiveness of all of the specific measures evaluated for the 
Draft 2022 Scoping Plan. 76  


CARB claims that it uses the criteria pollution emission reduction data in Tables C-3 to C-5 to 
calculate the health benefits/avoided negative health incidents ( e.g., mortality, cardiac ER 
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visits) that are "associated with the five key measures that are represented by changes to fuel 
combustion."77 CARB completely failed to analyze the health impacts of non-fuel combustion 
measures, such as landfill and dairy emission reduction measures. 78 However, CARB fails to 
explain why it limited its health benefits analysis to these five key measures, instead of all 
measures as required by AB 197.79 CARB's decision to conduct this limited analysis is 
arbitrary, violates AB 197, and likely resulted in a gross-underestimation on the health 
benefits associated with each alternative. Additionally, CARB estimates the health benefits of 
measures related to fuel combustion only for the years 2035 and 2045. 


Additionally, CARB must also analyze the health savings of each GHG emission reduction 
measure to comply with its mandate to assess the cost-effectiveness of each measure under 
AB 197. 80 


CARB 's health benefits analysis of measures related to fuel combustion, based only on these 
"snapshot" years of 2035 and 2045, violates AB 197, and is insufficient for CARB Board and 
the public to understand the public health benefits and savings of each emission reduction 
measure. Therefore, we recommend that CARB analyze and disclose health savings for all 
proposed GHG emission reduction measures based on average annual health benefits from 
2021 through 45. 


E. Appendix G functions as a scientific literature review; it does not incorporate this 
information into emissions reductions strategies or foster informed decisionmaking by 
the CARB Board. 


We appreciate that CARB acknowledges in Appendix G that climate-related health risks and 
impacts are not distributed equally in California, and that specific populations face the 
greatest health risks and impacts. 81 Unfortunately, CARB does not use the information 
provided in Appendix G (Public Health) to supplement the qualitative health analyses 
discussed above.  


Appendix G does not analyze qualitative health impacts or benefits among the AB 32 GHG 
Inventory Sector alternatives and measures. 82 Instead, Appendix G adopts a completely 
different methodology that has no connection to the Draft Scoping Plan's scenarios or 
measures. Appendix G describes health impacts between "no action" and "take action" 
scenarios. 83 The "no action" scenario assumes "[i]f the state and other jurisdictions take no 
action to reduce or minimize expected impacts from future climate change". 84 The "take 
action" scenario "is not a specific scenario within the Draft Scoping Plan but examines the 
broad outcomes of actions to achieve carbon neutrality in 2045". 85 Relatedly, the ''take 
action" scenario alludes to "Draft Scoping Plan actions," but fails to define what these 
actions actually are. 86 CARB further fails to analyze in Appendix G how the Draft Scoping 
Plan's proposed measures would affect the health of specific communities, in particular low-
income or disadvantaged communities.  


In sum, the current public health analysis in Appendix G is nothing more than a literature 
review that does not inform CARB Board and the public on the public health tradeoffs 
among the alternatives. There is no clear connection between the information in Appendix G 
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and the specific measures proposed by CARB. To correct this oversight, CARB must 
integrate a robust health equity analysis in the design and prioritization of its strategies and 
substantially revise Appendix G to analyze health impacts according to the AB 32 GHG 
Inventory Sector alternatives or the proposed measures within each alternative. 


45 Cal. Health & Safety Code§ 38562(b)(2); see also Draft EA at 13 (Project Objective 15). 
46 Cal. Health & Safety Code§ 38562.7. 
47 Id. § 38506. 
48  Id. § 38562(b)(l). 
49  Senate Bill 32 § l(d) (2016). 
50 Cal. Health & Safety Code§ 38562(b)(2); see also Appendix B at 13 (Project Objective 13). 
51  See Draft Scoping Plan at 102-7; Draft Scoping Plan, Appendix H at 62-85. 
52  Draft Scoping Plan at 113-17; Draft Scoping Plan, Appendix Cat 17-25. 
53  See Draft Scoping Plan at 117-18; Draft Scoping Plan, Appendix Cat 27-28. 
54  See Draft Scoping Plan at 107-08, Appendix I. 
55  Draft Scoping Plan at 127-144; Appendix G. 
56 Draft Scoping Plan at 51-53.  
57 Draft Scoping Plan, Appendix H at 72. 
58  Id.  
59 Cal. Health & Safety Code§ 38562(b)(l); Cal. Health & Safety Code§ 38562(b)(2); Cal. 


Health & Safety Code§ 38562.7. 
60 CAL. OFFICE OF ENV'T HEALTH HAZARD ENF'T, IMPACT OF GREENHOUSE GAS 


EMISSIONS LIMITS WITHIN DISADVANTAGED COMMUNITIES: PROGRESS TOW ARD 
REDUCING INEQUITIES 11, 28-29 (Feb. 2022), available at: 
https://oehha.ca.gov/media/downloads/environmentaljustice/impactsofghgpoliciesreport
020322.pdf. 


61  See Draft Scoping Plan, Appendix Hat 79, 81, Tables H-40 and H-42. These calculations 
are based on avoided mortality estimates from PM2.5 emissions reductions in January 
and July 2045, and PM2.5 and ozone emissions reduction in July 2045.  


62  Draft Scoping Plan at 104-05, Figure 3-5; Draft Scoping Plan, Appendix Hat 79-81, Tables 
H-40 & H-41. 


63  Draft Scoping Plan at 106, Figure 3-6; Draft Scoping Plan, Appendix H at 85, Table H-44. 
64  Draft Scoping Plan at 106-07, Figure 3-7; see also Draft Scoping Plan, Appendix Hat 85, 


Table H-44. 
65  2022 Scoping Plan Update - Initial Air Quality & Health Impacts and Economic Analyses 


UCI (4-20-22), Slides 8, 13, 16, available at: 
https://ww2.arb.ca.gov/sites/default/files/2022-04/SP22-Initial-A Q-Health-Econ-Results-
ws-UCI.pdf; see also Video, "2022 Scoping Plan Update - Initial Air Quality & Health 
Impacts and Economic Analyses Workshop," at 4:00:20 to 4:02:37, available at 
https://www.youtube.com/watch?v=PtsFweUncT4. 


66 Neil Maizlish et al., Health Benefits of Strategies for Carbon Mitigation in US 
Transportation, 2017-2050, AM. J. PUB. HEALTH (Oct. 15, 2021), available at: 
https://ajph.aphapublications.org/doi/10.2105/AJPH.2021.306600.  


67  Cal. Health & Safety Code§ 38562(b)(2); see also Draft Scoping Plan, Appendix Bat 13 
(Project Objective 15). 



https://oehha.ca.gov/media/downloads/environmental%C2%ADjustice/impactsofghgpoliciesreport020322.pdf

https://oehha.ca.gov/media/downloads/environmental%C2%ADjustice/impactsofghgpoliciesreport020322.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-04/SP22-Initial-A%20Q-Health-Econ-Results-ws-UCI.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-04/SP22-Initial-A%20Q-Health-Econ-Results-ws-UCI.pdf
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68 Cal. Health & Safety Code§ 38562.7.  
69 Draft Scoping Plan at 102. 
70 Id. 
71 Id. at 103-104, Figure 3-4. 
72  Draft Scoping Plan, Appendix H at 73, Table H-38. 
73  Draft Scoping Plan at 102. 
74  OEHHA, supra note 59, 28-29. 
75  Draft Scoping Plan at 113-17; Draft Scoping Plan, Appendix C at 17-25. 
76  Cal. Health & Safety Code§ 38562.7. 
77  Draft Scoping Plan, Appendix C at 17-18. 
78  See Id. at 9-10 (summarizing non-combustion emission reduction measures). 
79 Cal. Health & Safety Code§ 38562.7. 
80 Cal. Health & Safety Code§ 38562.7. 
81  See Draft Scoping Plan, Appendix G at 6. 
82  The only section in Appendix G where CARB evaluates relative health impacts among 


proposed scenarios is in its comparison of the health impacts and savings/costs that 
would result from different wildfire smoke exposures based on the four proposed NWL 
alternatives. See Draft Scoping Plan, Appendix G at 46-48. However, this information is 
derived from analysis included in Appendix I. See Draft Scoping Plan, Appendix I at 100-
02. 


83  Draft Scoping Plan, Appendix G at 30-31, 91. 
84  Draft Scoping Plan, Appendix G at 30. 
85  Draft Scoping Plan at 129, 140. 
86  Draft Scoping Plan, Appendix G at 31 (stating generally that "[t]aking the actions outlined 


in the Draft Scoping Plan will dramatically reduce fossil fuel combustion," as well as 
reduce heat and air pollution and wildfire smoke emissions). 


Response: Chapter 4 of the First Draft EA contains an analysis of environmental impacts and 
mitigation measures associated with implementation of the 2022 Scoping Plan. Air quality 
impacts are described in Section 4.B.3, “Air Quality.” The comment appears to raise social, 
economic, or environmental justice issues relating to how the 2022 Scoping Plan quantifies 
benefits across policy alternatives, which are not topics that are required to be analyzed 
pursuant to CEQA. The comment does not raise an issue related to the adequacy, accuracy, 
or completeness of the First Draft EA and no further response is required. No changes to the 
First Draft EA are required in response to this comment. 


670-20: The commenter states, “B. CARB Should Not Contribute to the False Narrative that 
the California Environmental Quality Act ("CEQA") is a Barrier to Infill Development. 
Appendix D Should Require That CEQA is Necessary to Advance and Sustainable and 
Equitable Development. 


CEJA supports the use of land use planning laws and sustainable development projects as 
tools to advance our state's GHG emission reduction goals. In particular, we appreciate the 
set of recommendations in Appendix D entitled "Equity and Other Social and Environmental 
Considerations are Key Elements in Addressing the Climate Crisis."98 We agree that 
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comprehensive and integrated plans that center equity and guarding against displacement 
are crucial to advancing our state's climate, housing, and sustainable development goals.  


However, we are very concerned that CARB perpetuates the misleading narrative that CEQA 
is a major barrier to development, most notably for infill housing. 99 This narrative has been 
created and perpetuated by corporate developers and industry representatives to 
inappropriately target CEQA, our state's most important environmental law. This narrative is 
problematic, disproven, and could lead to further environmental and public health harm, 
especially to low income and disadvantaged communities. 100 


In Appendix D, CARB states that CEQA GHG impact analyses and mitigation measures 
continue to be sources of litigation and delay for projects, especially for infill housing projects 
in high-resource areas.101 This narrative implicitly and errantly antagonizes CEQA as a reason 
for local governments' inability to reduce GHG emissions through infill development, and 
should be removed. Empirical data demonstrates that CEQA has not recently served as a 
barrier to new housing production, due to existing streamlining measures, CEQA's long-
standing tiering and standardized mitigation measures, and the use of existing exemptions, 
where appropriate.102 Additionally, CARB must recognize in Appendix D that: (1) CEQA 
litigation is often a last resort to compel local governments and developers to adopt more 
necessary practices that would result in greater GHG and co-pollutant emissions reduction; 
and (2) CEQA and CEQA litigation is necessary to protect low-income and EJ communities 
from projects on or near toxic or polluted areas.  


Indeed, CEQA is one of the few legal tools that allows low-income and EJ communities to 
meet both their housing and environmental protection needs. 103 It allows a community to be 
notified of projects that are proposed in their neighborhoods, to share their concerns 
regarding such projects, and to recommend ways to improve a project so that it better 
serves and protects the community. CEQA also provides a mechanism for holding project 
proponents and agencies accountable if they insufficiently analyze potential harms against 
local residents and neighborhoods.104 The current pandemic demonstrates that we must 
carefully analyze and reduce projects' environmental impacts to protect the most vulnerable 
residents throughout the State, who are extremely susceptible to such public health threats.  


While CARB recommends CEQA streamlining to facilitate forms of development that may 
reduce GHGs, it fails to provide any data to support the notion that such streamlining will 
result in more infill development, let alone tangible VMT reductions or other climate benefits. 
As discussed, a number of recent studies undermine the false narrative that CEQA creates 
significant barriers to development, and instead show that CEQA results in environmentally 
protective and equitable planning.  


In addition, CARB concludes that if a residential project has all of the attributes it lists on 
pages 10-11 in Appendix D (e.g., minimum 20 percent affordability for lower-income families; 
siting on previously developed or underutilized land), there is "generally no evidentiary 
support for an argument that projects with all of these attributes would present potentially 
significant GHG/climate change impacts under CEQA".105 We caution CARB to remove this 
sweeping and unsupported statement, as local governments could rely on them, resulting in 
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unintended consequences, especially for already vulnerable and overburdened 
disadvantaged communities. For instance, if a residential development is being proposed on 
or near a toxic site, the project may result in significant GHG, co-pollutant, and public health 
impacts during excavation, build out, and/or use of it as a residence or mixed-use space.  


Unfortunately, there are a number of additional claims within this section that are inaccurate 
and problematic, as they do not, in fact, promote equitable and sustainable development. 
For instance, "net-zero emissions" developments such as the FivePoint Valencia 
development project (formerly known as Newhall Ranch) that have been touted as climate-
friendly models actually promote sprawling development106 and are likely to produce impacts 
on the local ecology despite its claim of being "net-zero GHGs." This section also discusses 
the alleged benefits of projects subject to AB 900 (2011) and, similarly, SB 7 (2021) CEQA 
judicial streamlining processes," despite the fact that the purported environmental and 
climate benefits of such projects are unclear and dubious at best. 107 Furthermore, we 
continue to urge CARB to reduce or eliminate the use of market mechanisms such as cap-
and-trade, including carbon offset programs.  


Instead of promoting false solutions that disproportionately harm low-income residents and 
communities of color, CARB should revise Appendix D to present a more nuanced 
perspective and recognize the important role of CEQA, or eliminate its critique of CEQA 
altogether in this section. For further reference, CEJA recommends reviewing the 
Environmental & Housing Justice Platform (EHJP) for CARB's consideration. 108 


98  Id. at 7-9. 
99  Id. at 6-7.  
100 ROSE FDN. & THE HOUSING WORKSHOP, CEQA'S ROLE IN HOUSING, 


ENVIRONMENTAL WSTICE, & CLIMATE CHANGE 30 (Oct. 2021), available at: 
https://rosefdn.org/wp-content/uploads/CEQA-Califomia_sLiving-Environmental-Law-10-
25-21.pdf ( concluding that CEQA has not restricted the supply of housing in California). 


101 Draft Scoping Plan, Appendix D at 7. 
102 Rose Fdn. & The Housing Workshop, supra note 99 at 41. 
103 CAL. ENV'T JUSTICE ALLIANCE, RETHINKING LOCAL CONTROL IN CALIFORNIA 8-9, 


19-20 (Mar. 2020), available at: https://calgreenzones.org/report-rethinking-local-control/; 
ROSE FDN., CEQA: CALIFORNIA'S LIVING ENVIRONMENTAL LAW 77-79 (Oct. 2021), 
available at: https://rosefdn.org/wpcontent/uploads/CEQA-Califomia_s-Living-
Environmental-Law-10-25-21.pd£ 


104 Id. 
105 Draft Scoping Plan, Appendix D at 11. 
106 Emily Witt, Can Sustainable Suburbs Save Southern California?, NEW YORKER (May 3, 


2022), available at: https://www.newyorker.com/news/letter-from-los-angeles/can-
sustainable-suburbs-save-southem-califomia. 


107 POLICY MATTERS, REVIEW OF ENVIRONMENTAL LEADERSHIP DEVELOPMENT 
PROJECTS (Apr. 2019), available at: https://www.pcl.org/media/2019/09/2206-policy-
matters-04.19-environ.-leadership-projects.pdf. 
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108 Environmental & Housing Justice Policy Platform, Cal. Env't Justice Alliance, 
https://calgreenzones.org/platform-for-environmental-housing-justice/. 


Response: This comment indicates concern that CEQA is cited as a barrier to infill 
development and that Appendix D should recognize that: “(1) CEQA litigation is often a last 
resort to compel local governments and developers to adopt more necessary practices that 
would result in greater GHG and co-pollutant emissions reduction; and (2) CEQA and CEQA 
litigation is necessary to protect low-income and EJ communities from projects on or near 
toxic or polluted areas.” The comment is directed toward the contents of the 2022 Scoping 
Plan and does not raise an issue related to the adequacy, accuracy, or completeness of the 
First Draft EA. Nevertheless, CARB staff notes that the discussion has been updated in 
Section 3 of the 2022 Scoping Plan regarding the practice of using the land use review 
process, which includes CEQA and litigation, to object to housing projects in high-resource 
areas.  


The comment also indicates the project attributes approach included in Appendix D does not 
include data to support that the approach would result in more infill development and 
associated VMT reductions and other climate benefits. The comment is directed toward the 
contents of the 2022 Scoping Plan and does not raise an issue related to the adequacy, 
accuracy, or completeness of the First Draft EA. Although the Local Actions Appendix seeks 
to remove barriers to infill development, CARB staff acknowledges that there is no guarantee 
that it would directly result in increased infill development. Rather, recognizing that California 
faces both a housing and climate crisis, Appendix D identifies the development 
characteristics of residential development consistent with State climate goals, recognizing 
the “housing crisis and the climate crisis must be confronted simultaneously, and it is possible 
to address the housing crisis in a manner that supports the State’s GHG and regional air 
quality goals.” No changes to the First Draft EA are required in response to this comment.  


In addition, the comment recommends removing language that there is “generally no 
evidentiary support for an argument that projects with all of these attributes would present 
potentially significant GHG/climate change impacts under CEQA” as this language could 
lead to unintended consequences, such as incorrectly making a less-than-significant impact 
determination for “GHG, co-pollutant, and public health impacts during excavation, build 
out, and/or use of it as a residence or mixed-use space” project on or near a toxic site. The 
comment is directed toward the contents of the 2022 Scoping Plan and does not raise an 
issue related to the adequacy, accuracy, or completeness of the First Draft EA. Nevertheless, 
CARB staff notes the commenter incorrectly conflates the language referenced in the 
comment (GHG impact determination) as being used as the basis for making a non-GHG 
determination of significance (air quality and health risks). Standard CEQA practice dictates 
that the determination of air quality and health risk impacts (e.g., CEQA Appendix G 
checklist Section III, Air Quality) would not be made based on the GHG impact determination 
(e.g., CEQA Appendix G checklist Section VII, Greenhouse Gas Emissions). No changes to 
the First Draft EA are required in response to this comment.  


The comment also indicates that Appendix D contains examples that do not promote 
equitable and sustainable development, such as Newhall Ranch, AB 900, and SB 7. The 
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comment is directed toward the contents of the 2022 Scoping Plan and does not raise an 
issue related to the adequacy, accuracy, or completeness of the First Draft EA. The 
comments are noted and are being provided to the Board members for their consideration. 
Nevertheless, language has been added to the last paragraph under heading "Net-Zero 
Threshold of Significance" in Section 3.2.2 of Appendix D to specify the Newhall and Tejon 
examples are low-density, sprawl-intensive, and auto-oriented development that are 
inconsistent with the Project Attributes but have committed to zero net additional GHG 
emissions through a variety of approaches consistent with Scoping Plan Appendix D (Local 
Actions), including funding local offsite mitigation strategies. 


Please also refer to response to comment 166-5. 


670-21: The commenter states, “C. Local Governments Should Prioritize A voiding and 
Mitigating GHG Emissions and other Pollution Impacts On-site, and Eliminate the Use of 
Offsets. 


We appreciate CARB's statement in Appendix D that it would be inappropriate for local 
governments "to rely upon the State's Cap-and-Trade Regulation as a reason not to provide 
appropriate GHG analysis and, if needed, mitigation, for local development projects."109 We 
also appreciate that CARB emphasizes that project proponents should first exhaust all on-site 
mitigation options before turning to local off-site mitigation options, as it is important to 
prioritize direct emissions reductions at the source. However, CARB contradicts this latter 
statement by also stating that a desired outcome of its guidance on mitigation hierarchy is to 
encourage project proponents and local governments to "use local, off-site mitigation 
options consistent with CEQA's requirements."110 CARB should correct its error by 
emphasizing that project proponents must first exhaust on-site mitigation throughout 
Appendix D.  


We appreciate CARB's guidance that lead agencies minimize the usage of CEQA "Statement 
of Overriding Considerations" to avoid mitigating impacts, and instead build better projects 
that avoid significant impacts or mitigate them on-site. However, we are severely concerned 
that CARB continues to promote the usage of carbon offset strategies, which have been 
proven to be inequitable, ineffective, and unverifiable.  


Fundamentally, offsets allow harmful industry and development to pollute the same 
neighborhoods where they are located, and are likely to produce disproportionate harms and 
burdens for historically-marginalized low-income neighborhoods and Black, Indigenous, and 
people of color (BIPOCs ). Offset projects in the form of local infrastructure may actually 
increase socioeconomic inequities if the investments (e.g., electric vehicle charging stations 
or energy efficiency retrofits) benefit higher-resourced households at the expense of lower-
income BIPOC residents. In many instances, development that purports to produce 
environmental and climate benefits are "greenwashing" strategies that cover up sprawling 
growth and local damage to the environment while not, in fact, reducing GHGs. 111 In 
addition, "[o]ffsets are different than the cap and trade market as there is no regulatory cap 
ratcheting down emissions for the land development sector."112 We discuss additional issues 
with Cap-and-Trade offsets in Section VIII of our Sector Specific Comments.  
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Furthermore, while regional frameworks and collaborations are important for designing and 
implementing regional solutions for reducing emissions, such strategies should not be 
undertaken to advance local mitigation markets.113 Similarly, we are wary of CARB's 
suggestion to create a statewide mitigation bank if it would allow developers to pay a 
nominal fee in order to avoid their responsibility to directly lower emissions and mitigate 
environmental harms on-site or locally.114 Similar to the existing challenges with in-lieu fees 
for housing developments, 115 stricter standards must be established to ensure that money 
held in trust will be used to deliver its intended benefits, such as direct and verifiable GHG 
emissions and pollution reduction, as well as benefits in low-income and disadvantaged 
communities. If a statewide mitigation bank is created, the majority of funds should be 
directed to affordable housing developments in disadvantaged communities. Moreover, 
statewide mitigation banking should not take precedent over on-site mitigation strategies, to 
ensure that directly impacted communities experience the benefits of mitigation activities. 


109 Draft Scoping Plan, Appendix D at 19. 
110 Id. at 14. 
111 Witt, supra note 105. 
112 Id. 
113 Draft Scoping Plan, Appendix D at 20. 
114 Id. 
115 Aaron Shroyer, Determining In-Lieu Fees in lnclusionary Zoning Policies, URBAN INST. 5 


(May 2020), available at: 
https://www.urban.org/sites/default/files/publication/102230/determining-in-lieu-fees-in-
inclusionaryzoning-policies.pdf. 


Response: The comment indicates that CARB should reduce or eliminate the use of carbon 
offset programs as CEQA mitigation, as well as claimed issues with the Cap-and-Trade 
program. The comment is directed toward the contents and policy aspects of the 2022 
Scoping Plan and does not raise an issue related to the adequacy, accuracy, or completeness 
of the First Draft EA. Nevertheless, Appendix D discusses confusion of some CEQA 
practitioners with regards to using Cap-and-Trade compliance offsets as CEQA mitigation, 
and Section 4.2 of Appendix D clarifies that “[i]n general, the State’s Cap-and-Trade Program 
restricts compliance offsets from being used for any purpose other than Cap-and-Trade 
compliance, including being used as mitigation under CEQA.” With regard to including 
language in Appendix D prohibiting the use of carbon offsets as CEQA mitigation, this would 
be inconsistent with the CEQA Guidelines, which explicitly allows offsets that are not 
otherwise required as mitigation per Cal. Code of Regs., tit. 14, §§15126.4 (c)(3). No changes 
to the First Draft EA are required in response to this comment.  


The comment indicates that regional frameworks and collaborations, which are important for 
designing and implementing regional solutions for reducing emissions, should not be 
undertaken to advance local mitigation markets. The comment is directed toward the 
contents of the 2022 Scoping Plan and does not raise an issue related to the adequacy, 
accuracy, or completeness of the First Draft EA. Nevertheless, Appendix D recognizes 
several barriers for local, offsite mitigation opportunities, hence the inclusion of Section 5, 



https://www.urban.org/sites/default/files/publication/102230/determining-in-lieu-fees-in-inclusionaryzoning-policies.pdf

https://www.urban.org/sites/default/files/publication/102230/determining-in-lieu-fees-in-inclusionaryzoning-policies.pdf
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Importance of Regional Collaboration, in Appendix D, which finds that “regional 
opportunities to mitigate GHG emissions can be more effective. In collaboration with other 
regional entities, local jurisdictions can leverage investments, data, best practices, and 
opportunities for GHG emission reductions in an equitable manner.” No changes to the First 
Draft EA are required in response to this comment.  


In addition, the comment is concerned that the creation of a statewide mitigation bank for 
CEQA mitigation purposes would preclude projects from including on-site or local 
mitigation. The comment is directed toward the contents of the 2022 Scoping Plan and does 
not raise an issue related to the adequacy, accuracy, or completeness of the First Draft EA. 
Nevertheless, as previously indicated in response to comment 670-20, prohibiting the use of 
carbon offsets as CEQA mitigation is inconsistent with the CEQA Guidelines Code of Regs., 
tit. 14, §§15126.4 (c)(3), which explicitly allows offsets that are not otherwise required as 
acceptable mitigation. To ensure on-site and local mitigation are first considered prior to the 
incorporation of offsets, Appendix D identifies a CEQA GHG mitigation geographic hierarchy 
as follows:  


1. On-site design measures (within the project site);  
2. Off-site GHG mitigation:  


a. Funding and/or implementing local, off-site GHG reduction projects (within 
the communities or neighborhoods in the vicinity of the project);  
b. Funding and/or implementing non-local, off-site GHG reduction projects;  


3. Purchasing and retiring carbon offset credits:  
a. That originate in the same air basin as the project;  
b. That originate elsewhere in California;  
c. That originate elsewhere outside of California.  


As indicated in Appendix D, with this hierarchy, “the community in which the project is 
located is prioritized to receive the environmental and economic co-benefits of the 
mitigation, especially the reductions in emissions of criteria air pollutants and toxic air 
contaminants that accompany many GHG reduction measures.”  


Finally, the comment indicates that funds should be directed to affordable housing 
development in disadvantaged communities if a statewide mitigation bank is created and 
that statewide mitigation banking should not take precedence over on-site mitigation 
strategies. The comment is directed toward the contents of the 2022 Scoping Plan and does 
not raise an issue related to the adequacy, accuracy, or completeness of the First Draft EA. 
The comments are noted and are being provided to the Board members for their 
consideration. Nevertheless, creation of a statewide mitigation bank is beyond the scope of 
the 2022 Scoping Plan. No changes to the First Draft EA are required in response to this 
comment. 
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670-22: The commenter states, “D. Appendix E Should Recognize That CEQA is Necessary 
for Advancing Sustainable and Equitable Communities. 


We appreciate the recommendations in Appendix E that encourage the preservation of 
existing housing stock in order to protect residents and businesses from displacement and 
harmful climate impacts.116 Similar to our comments regarding Appendix D, however, we are 
concerned that the recommendations in this section promote the troubling misconception 
that CEQA remains a significant barrier to housing development in California. Action G, in 
particular, encourages the state to remove "CEQA barriers to increasing density and 
streamlining affordable housing development, and create policy protections that preempt 
local voter initiatives."117 While CEQA is frequently blamed as a major barrier to housing in 
our state, no credible evidence or research has been shown to support that hypothesis.118 We 
recommend that CARB remove this unsupported and false narrative in Appendix E.  


In addition to CARB's use of CEQA as a scapegoat for California's affordable housing 
concerns, we are concerned about the language in Action G that recommends preempting 
certain voter initiatives to remove alleged hurdles to housing development. When designed 
well, voter initiatives can create important solutions for healthier and more sustainable 
development ( e.g., designating land use setbacks or buffers between incompatible uses, or 
creating urban growth boundaries to curb sprawl). The recommendation to preempt local 
voter initiatives could empower local governments to inappropriately overturn any local 
initiative that aims to protect public health if it could be misconstrued as a "barrier to 
development." Reversing local voter initiatives is undemocratic, subverts the will of local 
communities, and may lead to further environmental and environmental justice harms for 
low-income and BIPOC communities. We recommend that CARB remove this language in 
Appendix E. 


116 Draft Scoping Plan, Appendix Eat 28-29. 
111 Id. 
118 ROSE FDN., supra note 41 at ii. 


Response: CARB has taken the commenter’s comments regarding the intersection between 
CEQA and housing into consideration in considering further development of Appendix D to 
the 2022 Scoping Plan. The referenced discussion in Appendix E is purely advisory in nature, 
and expresses CARB’s views regarding actions and policies that could be taken by other 
agencies, should they so choose. These views would not lead to any reasonably foreseeable 
changes that could affect the environment. The comment is directed toward the contents of 
the 2022 Scoping Plan and does not raise an issue related to the adequacy, accuracy, or 
completeness of the First Draft EA.  


The commenter indicates that CEQA is necessary for advancing sustainable and equitable 
communities. The commenter indicates there is a misconception that CEQA is a barrier to 
development. The commenter requests changes to proposed actions around CEQA in 
Appendix E. Appendix E recognizes barriers to affordable housing and development in 
locations that reduce VMT. It cites research to support the statement that CEQA “is not a 
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primary barrier to infill housing relative to other challenges.”98 State actions to streamline 
CEQA review for infill housing projects has already occurred, but there are additional 
opportunities to further streamline CEQA to address our housing and climate crisis. Changes 
to CEQA is one of a suite of objectives and actions identified in Appendix E to reduce VMT. 
No changes to the First Draft EA are required in response to this comment.  


Additionally, the commenter notes concerns over language in Appendix E regarding 
preempting voter initiatives. The commenter requests changes to proposed actions in 
Appendix E regarding local initiatives. The commenter mentions the importance of well 
designed voter initiatives that can create healthier and more sustainable development. The 
commenter claims that preempting local voter initiatives could empower local governments 
to inappropriately overturn local initiatives and could impact low-income and BIPOC 
communities. CARB agrees that well-crafted voter initiatives can result in more sustainable 
development. No changes to the First Draft EA are required in response to this comment. 
CARB has revised the actions in this section to remove the specific reference to preemption 
of voter initiatives to avoid confusion between the various uses of voter initiatives and the 
more specific intent of the proposed action, which is to establish legal protections against 
obstruction tactics that prevent developments that advance State equity and climate goals.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter 678  


6/22/2022 Leadership Counsel for Justice and Accountability 
Animal Legal Defense Fund 
Food & Water Watch 
Association of Irritated Residents 
Center for Food Safety 


678-1: The commenter states, “Moreover, the inadequacies identified herein render the 
Scoping Plan’s Draft Environmental Analysis (“Draft EA”) deficient pursuant to the California 
Environmental Quality Act, Public Resources Code, section 21000, et seq.. The Draft EA fails 
to adequately disclose, analyze, and mitigate impacts to, among other resource areas, air 


 
98 O'Neill, Moira and Biber, Eric and Gualco-Nelson, Giulia and Marantz, Nicholas and Marantz, Nicholas. 
(September 18, 2021). Examining Entitlement in California to Inform Policy and Process: Advancing Social 
Equity in Housing Development Patterns. Available at SSRN: https://ssrn.com/abstract=3956250. For a further 
study on related themes, see also Smith-Heimer, Janet; Hitchcock, Jessica; Goodfellow, Greg. 2021. CEQA: 
California’s Living Environmental Law. CEQA’s Role in Housing, Environmental Justice & Climate Change. 
Available at https://rosefdn.org/wp-content/uploads/CEQA-California_s-Living-Environmental-Law-10-25-
21.pdf. 



https://ssrn.com/abstract=3956250
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quality, greenhouse gas emissions, water quality, biological resources, and agriculture and 
forest resources, from the Scoping Plan’s incentivization of factory farm gas.” 


Response: The 2022 Scoping Plan itself does not include incentives for dairy biomethane. As 
discussed in Section 2.C.9 of the First Draft EA, solid scrape or vacuum manure management 
could use on-site aboveground tank or plug-flow anaerobic digestion systems to produce 
biogas that can be upgraded and conditioned to meet utility pipeline injection or vehicle 
fueling standards. Some dairy and livestock operations may transport raw or minimally 
processed biogas via underground pipelines or with trucks to centralized upgrading and 
compression facilities for injection into the common carrier natural gas pipeline network. In 
some cases, collected manure could be transported to centralized digesters and potentially 
codigested with other feedstocks (such as food waste) for increased fuel production. The 
First Draft EA addresses impacts to: air quality in Section 4.B.3, “Air Quality,” greenhouse 
gas emissions in Section 4.B.8, “Greenhouse Gas Emissions,” water quality in Section 4.B.10, 
“Hydrology and Water Quality,” biological resources in Section 4.B.4, “Biological 
Resources,” and agricultural and forestry resources in Section 4.B.2, “Agriculture and Forest 
Resources.” Note also that overall dairy populations have been decreasing over the years, 
and that trend is not expected to change; refer to response to comment H210-1. The 
comment does not provide further details related to potential impacts. No changes to the 
First Draft EA are necessary.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H115 


6/23/2022 Marijane Lopez-Taff, Citrus Heights Chamber of Commerce 


H115-1: The commenter states, “With regular rolling blackouts and a power grid that cannot 
sustain the current power needs (ie Housing) how can we ensure the integrity of the power 
grid? (think PG&E and fires) AND 


2. If new power grids are going to be built, who will pay for them, and in the meantime, how 
can we ensure that those power plants are from clean sources? (think dirty sources to 
produce “clean”)” 


Response: The First Draft EA assumes that expansion of electrical infrastructure would be a 
compliance response of the 2022 Scoping Plan. In addition, it is assumed that renewable 
energy infrastructure would be expanded under implementation of the 2022 Scoping Plan. 
The comment does not raise an issue related to the adequacy, accuracy, or completeness of 
the Draft EA and no further response is required. No changes to the First Draft EA are 
required in response to this comment. 
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H115-2: The commenter states, “What is the environmental plan regarding the disposal of 
batteries and their toxic parts? (Independent analysis shows that END OF LIFE DISPOSAL 
largely negates any environmental benefits) (think groundwater contamination)” 


Response: The environmental impacts related to minerals mining to support increased 
production of batteries are described through the First Draft EA including in Section 4.B.12, 
“Mineral Resources,” and Section 4.B.9, “Hazards and Hazardous Materials.” Water-related 
impacts are also addressed in Section 4.B.10. CARB disagrees with the commenter’s general 
assertion that end of life disposal largely negates any environmental benefits of the proposed 
project. No specific environmental issues are raised as to the adequacy of the environmental 
impact analysis. The comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the First Draft EA and no further response is required. No changes to the 
First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H118 


6/23/2022 Jeff Montejano, Building Industry Association of Southern California 
and Adam Wood, Building Industry Legal Defense Foundation 


H118-1: The commenter states, “The Draft Scoping Plan directly contradicts the 
aforementioned requirements created by the California State Legislature. It further 
undermines locally-approved General Plan Housing Elements, regional Sustainable 
Communities Strategies, and projects that have already received at least one agency 
approval. This is accomplished through the Scoping Plan’s radical expansion of CEQA 
liabilities that serve to effectuate land use controls and undermine existing structures of 
governance. 


Anti-Housing Greenhouse Gas Reduction Mandate   
CARB, which is not a housing agency, has for the second time (the first was the 2017 Scoping 
Plan) used the Scoping Plan to impose a top-down, one-size-fits-all housing mandate through 
the California Environmental Quality Act (“CEQA”). Specifically, (with the exception of 100% 
affordable housing), the Scoping Plan identifies only two types of housing that do not result 
in significant adverse GHG impacts requiring mitigation under CEQA: 


1. Housing at 20 dwelling units/acre (2-3 stories), with 20% deed restricted affordable 
requirements for low-income residents, in neighborhoods located within a ½ mile of 
high frequency fixed-route public transit. Even pre-pandemic, public transit ridership 
was falling despite billions of dollars in transit service expansions. The vast majority of 
California (i.e. housing located 0.51 miles or further away from (mostly) bus stops) 
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does not have the required transit frequency, or buyers/renters with the financial 
capacity to subsidize in perpetuity 20% of the required low-income units. 


2. “Net Zero GHG” housing, for which the Scoping Plan describes two large master 
planned community projects that include a fully balanced mix of new housing, 
employment, institutional (schools, fire stations and parks) over thousands of acres 
designed and entitled on previously-undeveloped land. 


Neither of CARB’s less-than-significant-GHG-impact housing paradigms apply to the 
overwhelming majority of RHNA-required, HCD-approved Housing Elements in California’s 
cities and counties. Although the Scoping Plan acknowledges that housing is a major target 
of CEQA lawsuits, (and two-thirds of such lawsuits allege deficient GHG or VMT analysis or 
mitigation), CARB’s housing prescription is either directly at odds with the local reality of 
absent and ineffective high frequency bus service, or (in the case of the Net Zero GHG 
projects) runs afoul of the ’ther major anti-housing elements of the Scoping Plan as described 
below.  


It m’st be noted that the Scoping Plan's GHG significance thresholds for housing will create 
even more anti-housing CEQA lawsuits that will directly nullify the effectiveness of a decade 
of Legislation designed to spur more housing production designed to be distributed 
equitably among and within California’s cities and counties.” 


Response: The comment is directed toward the contents of the 2022 Scoping Plan and does 
not raise an issue related to the adequacy, accuracy, or completeness of the First Draft EA. 
Nevertheless CARB provides the following response for transparency.  


Appendix D (Local Actions) of the 2022 Scoping Plan sets forth the key attributes that help 
meet the priority strategy of reducing VMT, as evidence shows that infill and transit-
supportive development supported by other attributes listed in 2022 Scoping Plan Appendix 
D (Local Actions) can reduce VMT via fewer and shorter trips. Language has been added to 
the last paragraph under the heading “Project Attributes for Residential and Mixed-Use 
Projects to Qualitatively Determine Consistency with the Scoping Plan” in Section 3.2.1 of 
the updated Appendix D to indicate that the key project attributes discussed are only 
applicable to residential and mixed-use projects and that CARB will continue to explore 
approaches for other types of land uses.  


The comment states that Appendix D’s project attributes-based approach and the net-zero 
GHG approach suggested as potential significance pathways in Appendix D do not apply to 
a majority of RHNA-required, HCD-approved housing elements in California's cities and 
counties. While the CEQA approaches indicated in Appendix D may not be relevant to all 
general plan housing elements, individual residential projects undergoing CEQA review are 
able to utilize the Appendix D approaches.  


The comment also seems to mistake CARB’s guidance in Appendix D as a mandate, and 
indicates that CARB is “impos[ing] a top-down, one-size-fits-all housing mandate through 
[CEQA]” that “identifies only two types of housing that do not result in significant adverse 
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GHG impacts requiring mitigation….” CARB disagrees with these statements. CARB is not 
“imposing” anything in Appendix D. As noted in that document itself and other Scoping Plan 
documents, Appendix D provides guidance and information that local governments may 
choose to use at their discretion. Similarly, CARB is not stating in Appendix D that all but two 
types of housing result in significant adverse GHG impacts. The housing-related attributes set 
forth in Appendix D are provided to help show that certain types of housing developments 
are relatively certain to not present a potential for significant GHG impacts. This list of 
attributes is not provided to suggest (much less mandate) the inverse, i.e., that other types of 
housing development that do not possess these attributes present potentially significant 
GHG impacts. As noted in Appendix D, and consistent with CEQA principles generally, 
significance determinations are to be made by lead agencies, supported by substantial 
evidence. 


The comment further states the 2022 Scoping Plan's GHG significance thresholds for housing 
will create even more anti-housing CEQA lawsuits that will directly nullify the effectiveness of 
a decade of legislation designed to spur more housing production that is distributed 
equitably among and within California’s cities and counties. The comment is directed toward 
the contents of the 2022 Scoping Plan and does not raise an issue related to the adequacy, 
accuracy, or completeness of the Draft EA. Nevertheless, language has been added to the 
second paragraph in Section 3.2 to clarify that the approaches listed in 2022 Scoping Plan 
Appendix D (Local Actions) are not required and do not supplant lead agencies’ discretion to 
develop their own evidence-based approaches for determining whether a project would have 
a potentially significant impact on GHG emissions. 


H118-3: The commenter states, “The Scoping Plan's prescription for the actual People of 
California is to further expand CEQA to block them from new housing in existing and new 
communities.“ 


Response: The 2022 Scoping Plan does not contain elements that would alter CEQA, the 
State CEQA Guidelines, or the implementation of the CEQA process. The 2022 Scoping Plan 
is a source of science-based and policy-informed guidance and is designed to support the 
State’s housing goals. No changes to the document are necessary. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H120 


6/23/2022 Caroline Farrell 


H120-1: The commenter states, “most engineered carbon capture increases air pollution, 
water pollution, and other harms for frontline communities, and the risks of transporting and 
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storing carbon dioxide include immediate death and hospitalization, spoiling aquifers, 
degrading soil, and increased seismicity.” 


Response: Please refer to response to PH-1 and Master Response 2. 


H120-2: The commenter states, “A carbon dioxide pipeline ruptured in Satartia, Mississippi, 
hospitalizing dozens. There are no appropriate safeguards in place for the safe transportation 
of carbon dioxide, as the federal Pipeline and Hazardous Materials Safety Administration 
(PHMSA) has admitted in response to that disaster. Indeed, PHMSA recently announced that 
it is initiating a new rulemaking because of the vulnerability of people and communities who 
happen to live within a few miles of a carbon pipeline. Our existing infrastructure is 
inadequate to the task of safely transporting carbon dioxide, and we haven’t even begun 
investigating what improvements are needed to do so.” 


Response: Please refer to response to PH-1 and Master Response 2.  


H120-3: The commenter states, “CCS will increase health harms to our communities at every 
stage of capture, transport, utilization, and storage of CO2, compounding the existing health 
harms to low-income communities and communities of color, where oil infrastructure is 
currently placed.” 


Response: Please refer to response to comment PH-1 and Master Response 2. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H122 


6/23/2022 Marc Hardy, Tejon Ranch Company 


H122-1: The commenter states, “1. Natural and Working Lands. CARB proposes to rule out 
development on 90 percent of California's land by labelling it as "natural and working lands." 
The Plan seeks to avoid conversion of all existing forests, shrublands and grasslands, as well 
as a 50 percent reduction from current development conversion levels in "deserts and 
sparsely vegetated landscapes." Such a sweeping designation as natural and working lands 
suggests a dismissal of local jurisdictions' land use prerogatives, imposed at a time when 
local jurisdictions should be exercising their approval powers more urgently to address the 
present housing shortage and home affordability crisis. CARB proposes policy changes under 
the California Environmental Quality Act ("CEQA") that require deciding agencies (e.g., local 
governments) to study impacts and impose mitigation requirements when approving projects 
and land use plans. CARB's CEQA proposals strongly disfavor all but relatively high-density 
(e.g., at least 20 units/acre), central urban, mass transitoriented development and re-
development. The effect is to disfavor, prejudice, and overly burden all other types of 
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development, including lower density communities, redevelopment projects, and suburban 
development, and hinders the development of sustainable master planned communities 
designed to help meet the rising housing production needs of Californians. Candidly, CARB's 
promotion of infill-only is misguided, unpractical and non-workable.” 


Response: The 2022 Scoping Plan does not propose to rule out development on 90 percent 
of California’s land. Identifying an area as a natural or working land only points out its current 
landscape condition (e.g., as agricultural land or public open space) and does not involve any 
changes to land use laws or regulations that local governments follow to determine uses of 
such land. The 2022 Scoping Plan would not alter CEQA, the State CEQA Guidelines, or how 
CEQA is implemented.  


While discretionary guidance to local agencies is included in the 2022 Scoping Plan, it does 
not require or commit public agencies to any particular approach regarding their land use 
decision-making practices. It is advisory in nature, recognizing local agency discretion to 
consider GHG emissions as appropriate (for example, please see pg. 21 of Appendix D). As 
explained in Appendix D, the CEQA-related recommendations provided by CARB are “non-
binding and should not be interpreted as a directive to local governments but rather as 
evidence-based analytical tools to assist local governments with their role as essential 
partners in achieving California’s climate goals.” The 2022 Scoping Plan also makes best 
efforts to provide science-based and policy-informed recommendations for local agencies to 
consider. Because it is advisory, how local agencies would respond to the guidance is not 
known, so reasonably foreseeable compliance responses or emission reductions attributed to 
its guidance would be speculative to predict. No changes to the document are necessary. 


The comment does not identify any significant environmental issues associated with the 
proposed project. Nevertheless, CARB provides the following response for transparency. 


CARB disagrees with the commenter’s statement that “CARB’s CEQA proposals strongly 
disfavor all but relatively high-density (e.g., at least 20 units/acre), central urban, mass 
transitoriented development and re-development.” CARB understands this comment to 
relate to Scoping Plan Appendix D (Local Actions). As explained in the May 2022 draft of 
Appendix D, the CEQA-related recommendations provided by CARB are precisely that: 
recommendations. They are “non-binding and should not be interpreted as a directive to 
local governments but rather as evidence-based analytical tools to assist local governments 
with their role as essential partners in achieving California’s climate goals.” As explained in 
the 2022 Scoping Plan and in Appendix D, improving California’s development patterns 
toward higher density (and away from conversion of greenfield development on the state’s 
natural and working lands) has clear, long-term climate and public health benefits. Therefore, 
it stands to reason that CARB favors housing development patterns that benefit both the 
climate and public health. However, nothing in the 2022 Scoping Plan or Appendix D in any 
way “rules out” other types of housing development, or affects local land use agencies’ 
jurisdiction over such development. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
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identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H147 


6/23/2022 Erin Rodriguez, Union of Concerned Scientists 


H147-1: The commenter states, “The draft plan relies too heavily on carbon dioxide 
removal.  


The draft scoping plan’s proposed scenario (alternative 3) includes a risky overreliance on 
carbon dioxide removal (CDR) to achieve California’s carbon neutrality goal. The proposed 
scenario explicitly includes 80 million metric tons (MMT) of CDR in 2045,1 but due to 
incorrect modeling assumptions about emissions from natural and working lands, the 
proposed scenario will actually require 103 MMT of CDR in 2045 to achieve carbon 
neutrality.2 This represents only a 76% reduction in emissions from 1990 levels.3  


The reliance on CDR, particularly direct air capture (DAC), to offset 24% of California’s 
emissions is a far too risky choice that could put the achievement of California’s climate goals 
in jeopardy. In comparison, the IPCC’s sixth assessment report examines numerous scenarios 
that, on average, include a much more limited role for DAC in achieving carbon neutrality 
and eventually net-negative emissions.4 Globally, a pathway that is over-reliant on CDR raises 
the risk of a temperature overshoot scenario and all the climate impacts, some irreversible, 
that would come with that.  


In an earlier report prepared for CARB, consultants at E3 studied three scenarios for 
achieving carbon neutrality in California. One of the scenarios, named the “High CDR” 
scenario, required 80 MMT of CDR in 2045. However, the authors of the report cautioned 
against pursuing this CDR-dependent scenario: 


[The High CDR] scenario represents the highest risk scenario, from a climate mitigation 
perspective, because it has the highest remaining direct GHG emissions, and relies on 
relatively untested CDR strategies which are not widely commercialized… Both the 
climate risks and the technology adoption and implementation risks of relying so 
significantly on CDR are high. Continuing to emit such a large share of gross emissions 
into the atmosphere through 2045 could result in an overshoot of emissions, with a 
risk of missing the state’s climate goals if CDR options are not implemented early on. 
Furthermore, many CDR options rely on a significant amount of land and energy 
resources, rendering the implementation of CDR at scale uncertain.5  


At present, the proposed scenario in CARB’s draft scoping plan relies even more heavily on 
nascent CDR technologies, and UCS agrees that such heavy reliance on CDR technologies 
poses a significant risk if these technologies are not successfully implemented at scale.  
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UCS recognizes that limiting global temperature increase to 1.5°C above pre-industrial levels 
will require CDR strategies, but CDR is not a substitute for deep, absolute emissions 
reductions. California should pursue policies that prevent emitting industries from exploiting 
the expansion of CDR as a loophole that allows them to avoid making all practicable and 
necessary cuts in their direct and indirect emissions. In that vein, CARB’s draft scoping plan 
should be revised to include much deeper direct reductions in emissions and a reduced role 
for CDR.” 


Response: The Scoping Plan Scenario results in at least 85% reduction in anthropogenic 
GHG emissions from 1990 levels as required by AB 1279. Carbon dioxide removal is needed 
to compensate for the remaining emissions. 


Please also refer to response to comment H246-1. 


H147-2: The commenter states, “CO2 pipeline safety issues must be addressed to ensure 
public safety prior to large scale CCS deployment 


All of the preceding describes only the capture part of the CCS projects. Moving CO2 at the 
scale anticipated to suitable sequestration sites will require construction of extensive 
pipelines connecting CO2 sources to sequestration sites.  A recent report from the Pipeline 
Safety Trust11 highlights serious deficiencies in the federal regulations governing CO2 
pipelines that must be addressed to allow for the safe transportation of CO2 through 
pipelines. Given that refinery clusters in California are close to major population centers, the 
risks to communities living near pipelines are substantial and must be addressed before 
construction of new pipelines or conversion of existing pipelines can proceed.  


All of these steps would be time consuming even if all the actual work were straightforward. 
However, implementing CCS at oil refineries is not well-established, and unique 
circumstances associated with the design and layout of each specific refinery, risks to 
adjacent communities, and external factors including vulnerability to earthquakes and sea 
level rise make it unclear whether, how and at what scale the required equipment and 
internal plumbing can be safely integrated into complex and space constrained facilities. 
Even without a detailed analysis, it is clear that the share of emissions that can be safely and 
realistically captured is much lower than the scoping plan assumes. Much more detailed 
analysis is required before any projects can prudently move forward.” 


Response: Please refer to response to comment PH-1 and Master Response 2.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter H152 


6/23/2022 Greg Karras, Community Energy reSource 


H152-1: The commenter states, “On 10 May 2022 the California Air Resources Board 
(“CARB”) released the Draft 2022 Scoping Plan Update (“Draft Scoping Plan”) and Draft 
Environmental Analysis for the proposed Draft 2022 Scoping Plan for Achieving Carbon 
Neutrality (“Environmental Analysis” or “EA”) for public review and comment.  


This technical report focuses on the adequacy of the Draft Scoping Plan and First Draft EA in 
addressing potential climate, air quality, and environmental health impacts associated with (1) 
petroleum refining for export, (2) diesel biofuel addition to combustion fuel chains, and (3) 
the timing of proven measures that can be used to reduce petroleum fuel chain emissions by 
phasing down California refining rates.” 


Response: The comment provides introductory remarks that the technical report focuses on 
the adequacy of 2022 Scoping Plan and First Draft EA in addressing potential climate, air 
quality, and environmental health impacts associated with petroleum refining for export, 
diesel biofuel addition to combustion fuel chains, and the timing of proven measures that can 
be used to reduce petroleum fuel chain emissions by phasing down California refining rates. 
The comment does not raise an issue related to the adequacy, accuracy, or completeness of 
the First Draft EA and no further response is required. No changes to the First Draft EA are 
required in response to this comment. 


H152-2: The commenter states, “1.3 The Draft Scoping Plan is likely to result in major 
greenhouse gas and co-pollutant increases associated with refining for export in communities 
near California refineries.  


This potential for 214 Mb of additional refining for export by 2030 and 953 Mb by 2045 
would emit criteria and other toxic air pollutants into communities near California refineries, 
pollution that would be directly linked to the greenhouse gas (“GHG”)19 combustion 
emissions exported with the refined fuels. Refinery criteria pollutant emission rates are 
directly related to refining rates at any given pollutant emission intensity. Some 50 years of 
State and federal emissions control effort demonstrate this direct relationship, which 
supports emission standards that are expressed as process rate “throughput” in refinery air 
permits and CARB’s acknowledgment of ongoing elevated health risk in Black and Brown 
communities near industries like refineries.20 


Supply-demand imbalances that drive these increased community health risks from refining 
for export would increase to a greater extent under the Draft Scoping Plan than its no 
project alternative.21 Moreover, toxic effects of air pollutants are a function of the duration or 
repetition of exposure along with the inherent toxicity of the chemicals and their 
concentration in the air we breathe. Thus, by resulting in new and prolonged exposures to 
harmful air pollutant emissions associated with prolonged or increased refining for export, 
the Draft Scoping Plan could result in significant air quality and environmental health risk 
impacts. 
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19  Herein, “GHG” means carbon dioxide equivalents (CO2e) at the 100-year climate forcing 
horizon.  


20  Draft Scoping Plan at page 15. Numeric emission limits expressed as throughput have 
long been applied to California refineries in Clean Air Act Title V air permits. This 
comment incorporates additional information regarding health risks of refining for export 
in part 3 herein.  


21  Compare Alternative 3, Reference Scenario in CARB AB32 GHG Inventory Sectors 
Modeling Data Spreadsheet (supra) for potential to induce refining for export.” 


Response: Please refer to Master Response 6.  


Regarding air pollutant emissions, the First Draft EA in Section 3.b discusses the reasonably 
foreseeable longer-term operational impacts to air quality from implementation of the 2022 
Scoping Plan. That section of the First Draft EA points to the air quality and public health 
analysis conducted for the AB 32 GHG Inventory Sectors. That analysis used an integrated 
modeling approach to characterize and quantify the ambient air quality and public health 
impacts of the Scoping Plan Scenario relative to the Reference Scenario to provide insight 
into the co-benefits that could be achieved from implementation of the 2022 Scoping Plan. 
The baseline pollutant emissions represent a highly detailed inventory that includes emissions 
by sector and source, which are grown and controlled to 2045 using output from the 
PATHWAYS model for technologies, fuels, and energy demand by AB 32 GHG Inventory 
Sectors. Existing sources/facilities (such as refineries) were included, though no major 
functional changes to existing sources were assumed given uncertainty associated with the 
siting and activity of novel emission sources. This means that refineries that convert from 
producing liquid petroleum fuels to producing renewable diesel and/or sustainable aviation 
fuels (SAF) were assumed to have air pollutant emission factors equivalent to prior petroleum 
fuel production, and renewable diesel and SAF combustion in stationary and/or mobile 
sources was treated the same as petroleum diesel combustion. Regardless, as explained in 
the 2022 Scoping Plan, carbon neutrality will be achieved “through a substantial reduction in 
fossil fuel dependence, while at the same time increasing deployment of efficient non-
combustion technologies and distribution of clean energy which also has criteria pollutant 
and precursor benefits alongside reducing the exposure of sensitive receptors to TAC 
emissions.”  


As shown in the First Draft EA’s air quality section, the air quality analysis modeling results 
show the overall reduction in fossil fuels would produce significant reductions in NOx, PM2.5, 
and ROG translating into ambient air quality improvement and corresponding health benefits 
associated with the compliance responses for the AB 32 GHG Inventory Sectors. Emissions 
reductions associated with reduced vehicular emissions occur throughout the state with 
particular prominence in urban areas due to large presence and activity of emissions sources 
(vehicles). Furthermore, the associated health benefits from the Scoping Plan Scenario are 
substantial, and will also accrue within socially and economically disadvantaged communities 
as identified by CalEnviroScreen, where they are most needed. As described in Chapter 3 of 
the 2022 Scoping Plan, about 30 percent of health benefits representing the economic value 
of the avoided incidence of health effects in the Scoping Plan Scenario are associated with 
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census tracts identified as disadvantaged communities. These benefits reach $22 billion in 
2035 and $61 billion in 2045 (compared to statewide totals of $78 billion in 2035 and $199 
billion in 2045). As also discussed in the First Draft EA, mitigation measures required to avoid 
and/or minimize impacts on air quality at the individual facility project level typically fall under 
local agency jurisdiction. These mitigation measures routinely encompass: requirements that 
proponents of new or modified facilities coordinate with State or local land use agencies to 
seek entitlements for development including completion of necessary environmental review 
requirements (e.g., CEQA) and implementation of all feasible mitigation to reduce or 
substantially lessen potentially significant air quality impacts of a project; compliance with all 
appropriate air quality permits; and compliance with applicable provisions of the federal 
Clean Air Act and the California Clean Air Act (e.g., New Source Review and Best Available 
Control Technology criteria). No changes to the First Draft EA are required in response to 
this comment. 


Please also refer to response to comment H152-3 regarding the commenter’s statements 
about potential refining for export. 


H152-3: The commenter states, “1.4 The Draft Scoping Plan could result in major climate 
impacts from emission-shifting associated with refining for export in conflict with state 
climate law.  


1.4.1 State law requires minimizing GHG emission-shifting to the extent feasible 


CARB argues that despite rejecting direct refinery control measures the Draft Scoping Plan 
demand reduction measures would reduce GHG emissions from petroleum fuels in California. 
Though correct as to that limited point, CARB’s analysis is incomplete; it ignores the resultant 
emission shifting. GHG emissions impact climate globally wherever GHG emits. Recognizing 
this, the California Health and Safety Code requires CARB to minimize emission shifting, 
which the Code defines as “a reduction in emissions of greenhouse gases within the state 
that is offset by an increase in emissions of greenhouse gases outside the state.” Cal. Health 
& Safety Code §§ 38505 (j), 38562 (b) (8). But by rejecting feasible direct refinery control, the 
Draft Scoping Plan would expand an incomplete set of measures which already results in the 
GHG emission shift defined. This would appear to conflict with State climate law.   


1.4.2 The Draft Scoping Plan could increase petroleum emissions outside the state as much 
or more than its demand-side measures cut petroleum emissions in state  


CARB could have used the evidence described in § 1.1 and other available data to estimate 
the GHG emission shift that could result from its in-state fuels demand cuts without direct 
curbs on refining under the Draft Scoping Plan. Table 2 provides an example.  
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Table 2. Potential cross-border GHG emission shift due to increased refining for export 
that could result from Draft Scoping Plan implementation, example estimate a 
GHG: CO2e, 100-year 
GWP  


Mb: million barrels b: barrel; 42 U.S. 
gallons 


CI: carbon intensity in 
kg/b 


MMT: million metric 
tons 


 


 
Petroleum shift increments  Baseline b Potential Emission Shift 


Increments c 
 


  2013–2019 2023–2030 2023–2045 


Cross-border fuels exports     


volume  (Mb) — 214 953 


combustion CI  (kg/b) 395.5 395.5 395.5 


combustion GHG (MMT) — 84.6 377 


Crude imports refined for 
export 


    


volume (Mb) — 190 844 


extraction CI  (kg/b) 79.14 79.14 79.14 


extraction GHG (MMT) — 15.0 66.8 


Net GHG increments (MMT) — 100 444 
a. Estimated shift for gasoline, petroleum distillate and jet fuel only; estimates for all refined 


fuels may exceed values shown. 
b. Baseline carbon intensity (CI) values estimated from State data for 2013–2019 in CEJA 


(2022) Table S1. Post-2019 data are excluded from this baseline due to anomalous 
conditions during COVID. Baseline volumes, from Draft Scoping Plan fuel energy 
modeling, which was not reported before 2015, are from 2015–2019.  


c. Cumulative volume and mass emission increments from baseline: Fuel volumes are from 
Draft Scoping Plan fuels energy modeling and fuel energy densities in the CARB LCFS 
Regulation Order. Crude volumes from fuel volumes and processing volume expansion 
based on data in CEJA (2022) Table S1. Shift increments estimated at the 1:1 ratio shown 
from data discussed in §§ 1.1.3 herein, conservatively assuming no increase in the CI or in-
state refinery production of crude or fuels. Figures may not add due to rounding. 


As shown in § 1.2 CARB projects cumulative in-state petroleum fuels demand cuts that could 
result from the Draft Scoping Plan, –214 Mb by 2030 and –953 Mb by 2045, on an energy-
equivalent volume basis. CARB could have applied the volumetric equivalence of petroleum 
fuel shifts described by State data (§§ 1.1.3) to estimate the cross-border fuels export shifts 
shown in Table 2. Similarly, it could have used State refinery crude input and fuels production 
data22 to quantify the effect of volume expansion during processing and estimate the 
slightly lower crude volume increments that would be imported for this refining for export, 
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also shown in Table 2. This is relevant because in-state crude supply has dwindled below that 
needed to meet in-state fuels demand alone,23 so that cross-border extraction emissions 
would occur from crude import increments linked to the refining-for-export increments.  


Baseline fuel combustion and imported crude extraction carbon intensity (“CI”) values shown 
in Table 2 are from State data for statewide refining from 2013–2019.24 Conservatively 
assuming no further increase in CI or refinery production, CARB could have applied these CI 
values to the emission shift volumes in Table 2. As shown in the table, these data support 
potential GHG emission shift increments of »100 million metric tons (MMT) by 2030 and »444 
MMT by 2045.  


These 100 MMT and 444 MMT GHG increments outside the state, however, do not include 
emissions associated with Draft Scoping Plan measures that reduce in-state petroleum fuels 
demand. In one important example, CARB has estimated GHG emissions associated with 
renewable diesel elsewhere,25 and the Draft Scoping Plan relies upon renewable diesel for in-
state petroleum fuels demand reduction to a considerable extent.26 Had CARB considered all 
available data and information, it could have found that the Draft Scoping Plan petroleum 
demand reduction measures—alone, absent direct refinery control measures—have a 
reasonable potential to increase cross-border GHG emissions by substantially more than 
these measures would decrease in-state GHG emissions.  


1.4.3 A feasible measure the Draft Scoping Plan excludes could minimize emission shifting  


CARB can establish standards limiting refinery throughput rates. As explained above, this 
could limit in-state refining for export because oil flow through the petroleum fuel chain 
would be limited by the throughput of its in-state refining link. Moreover, this measure may 
be required to minimize GHG emission shifting and, at a minimum, that requirement further 
supports its feasibility.   


1.5 The Environmental Assessment (EA) is factually incomplete.  


Presuming that in-state petroleum refining will phase down in line with demand without any 
direct refinery emission control measure is an error. The First Draft EA does not identify, 
describe, assess, or analyze mitigation for the air quality, environmental health, or climate 
impacts associated with refining for export and emission-shifting that could result from the 
Draft Scoping Plan. A feasible measure could lessen or avoid these impacts.  


22  CEJA, Climate Pathways in an Oil State Prepared by Greg Karras. Feb 2022. See data in 
Table S1.  


23  Id.  
24  Id.  
25  LCFS Regulation Order, Title 17, CCR, §§ 95480–95503.  
26  Draft Scoping Plan at pages 18, 153; Draft Scoping Plan, Appendix H, at page 61.” 


Response: CARB staff disagrees with the substantive premise of this comment that the 2022 
Scoping Plan could cause major climate impacts associated with refining for export. Please 
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refer to Master Response 6. See also response to comment 166-6, regarding how biomass-
energy supply estimates available to produce biofuels used for the 2022 Scoping Plan 
modeling were constrained based on feedstock that could be economically and beneficially 
used to displace fossil fuels, inherent physical and/or permit limits on refineries that would 
restrict production, the substantial long term GHG emissions reductions expected from 
implementation of the Scoping Plan Scenario described in the First Draft EA, and post-plan 
adoption activities related to implementation of the 2022 Scoping Plan that will further 
examine issues related to the transportation fuel supply-demand transition.  


The commenter states that CARB can establish standards limiting refinery throughput rates. 
To the extent the commenter is suggesting this as a project alternative, CARB responds that 
evaluating such an alternative is not necessary, as the 2022 Scoping Plan would not result in 
any potential for significant emissions impacts due to either increased petroleum production 
or refining, or due to increased use of petroleum products in other parts of the world. CARB 
disagrees with the commenter that either these refinery-based or out-of-state-consumption-
based effects would occur, given that the purpose and the effect of the 2022 Scoping Plan 
would be to reduce petroleum consumption (and thereby to reduce demand). As such, an 
alternative limiting refinery throughput would not address any of the 2022 Scoping Plan’s 
potentially significant impacts. See Master Response 6 for additional response. 


Also, please refer to Master Response 6 regarding the expected air quality and public health 
benefits of the Scoping Plan Scenario addressed in the First Draft EA. The remainder of the 
comment does not raise additional significant environmental issues related to the First Draft 
EA. No changes to the First Draft EA are required in response to this comment. 


H152-4: The commenter states, “2 Potential emission impacts from enhanced growth of 
diesel biofuel that fails to replace petroleum distillate fuel  


Outcomes recorded by the State’s own data disprove the hypothesis that diesel biofuel use 
reduces GHG emissions by replacing petroleum distillate-diesel in the combustion fuel chain. 
Without disclosing or addressing this evidence, the Draft Scoping Plan would expand 
financial and policy support to further increase diesel biofuel production and combustion in 
California. This action could result in significant climate, air quality, and health impacts by 
further shifting petroleum distillate refining to export, increasing emissions from refining for 
export locally and distillate fuels globally. The EA does not identify or mitigate these 
potential impacts.  


2.1 State policy has increased GHG emissions associated with distillate fuels production 
and combustion.  


2.1.1 State biofuel policy supports diesel biofuel growth financially based on a hypothesis 
that adding diesel biofuel to the combustion fuel chain reduces GHG emissions by 
replacing higher-emitting petroleum distillate (PD) fuel globally 


As the Draft Scoping Plan states: “The LCFS is a key driver of market development for 
renewable diesel and its coproducts. While the federal renewable fuel standard (RFS) and 
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blenders tax credit also benefit producers, an analysis of their respective contributions to 
market development, and interviews with industry representatives and independent experts, 
point to [the] LCFS as a more important factor in market development, at least in recent 
years.”27  


The LCFS seeks to reduce the carbon intensity (“CI”), not the amount or mass emissions, of 
transportation fuels through a system of financial credits and debits in which credits are 
tradeable among companies that supply fuels used in California.28 It assigns these credits and 
debits based on the energy equivalent “gallons” supplied, and the calculated CI of each fuel 
relative to a declining statewide CI standard.29 Suppliers of California fuels deemed lower-CI 
than petroleum fuels can thus receive credits based on this energy equivalent gallon-for-
gallon comparison. An LCFS credit was worth an average of $17 in 2012, rising to $192 in 
2019.30 Diesel biofuel (“DB”)31 suppliers received »25.4 million LCFS credits during 2011–
2019.32  


Apart from its success in reducing the carbon intensity of statewide fuels, however, the LCFS 
has not confirmed that DB reduced climate impacts of GHG emissions associated with PD by 
actually replacing PD. CARB suggests that DB “displaced” PD.33 To where, it does not say. 
Refinery PD production increased.34 In effect, State policy gave distillate fuel refiners LCFS 
credits based on the hypothesis that DB replaces PD.  


2.1.2 In fact, diesel biofuel additions in California are not replacing, but adding to, 
petroleum distillate globally  


Observed outcomes provide evidence to disprove the hypothesis that DB reduces GHG 
emissions by replacing PD. Adding DB to the PD refined in California added volume to the 
total distillate combustion fuel chain.35 Instead of curtailing otherwise productive assets, 
California refiners further shifted to refining for export.36 California PD production increased, 
and PD combustion increased globally.37 


Moreover, causal mechanisms for these outcomes reflect the resistance to change of 
established fossil fuel systems and development paths.38 39 40 41 42 43 44 45 


2.1.3 State data document the further shift to petroleum distillate refining for export 
induced by diesel biofuel addition in California  


California collects, verifies and reports high quality data for in-state DB use, as well as in-state 
PD production and use,46 from which statewide PD export rates are known. See §§ 1.1.3 
herein. Analysis of these data demonstrates that the balance between refinery production 
and demand drives PD exports. Id. Direct effects of DB addition to total distillate demand in 
California are illustrated in Chart 1 based on these State data.   


DB use (orange in Chart 1) induced a further shift from PD use here (brown) to PD export 
(black) from California to other states and nations. DB served increasing shares of total 
California distillate demand, which reached its previous three-year high during 2016–2018 
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compared to 2005–2007, increasing the shares of PD refined in the State that shifted to 
export.  


Importantly, statewide refinery production of PD increased from 2010–2019 alongside DB 
use.47 Partial least squares regression modeling of the State data from 2010–2019 found that 
DB use was a stronger factor in PD export than PD production, and both factors together 
explain 87 to 96 percent of the interannual change in PD export, with the 87 percent 
estimate due to including a potentially anomalous outlier year in that analysis.48 PD use was 
the weaker factor, with effects on PD export that spanned zero (standardized coefficients, 
95% confidence) when compared alongside DB use.49 Modeling results for the 2010–2019 
data are illustrated in Chart 2.  


DB can account for essentially all of the PD export increment. During 2011 through 2019 as 
compared with 2010 rates, DB use rose by approximately 70 million barrels (Mb), PD demand 
rose by »15 Mb, in-state refinery production of PD rose by »84 Mb, and refinery exports of 
PD rose by »69 Mb.50  


 


1. Diesel biofuel (DB) added to petroleum distillate (PD) in California  


From CARB Fuel Activity Inventory and CEC Fuel Watch. See Exhibit 1 for data. 


This PD export increment was caused by DB use that served some of the in-state demand for 
total distillate, so that the PD demand increment rose less than the PD production increment 
(84 – 15 = 69). Thus, adding the 70 Mb DB increment shifted an additional 69 Mb of PD 
refining to export, and each barrel of DB use increased PD export by »0.99 barrel, on a 
volume basis. 
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DB use in California (million b/yr) 


2. Diesel biofuel (DB) shifts petroleum distillate (PD) refining to export 


Modeling results on California data from 2010–2019 plotted against DB use. See Exhibit 2. 


On an energy basis, this 70 Mb DB increment had the energy content of »67 Mb of PD,51 and 
each DB barrel increased PD export by »1.03 barrel. Further accounting for interannual 
changes via partial least squares regression analysis of all the State distillate use and export 
data from 2010 through 2019 indicates that each barrel of DB addition increases PD export 
by 1.00 barrel.52 Finally, the US Environmental Protection Agency estimates that each energy-
weighted barrel of US biofuels changes US petroleum imports by 0.99 barrel.53 Taken 
together, available evidence supports DB-induced PD exports of equivalent volume (range, 
1:0.99 to 1:1.03).  


Downstream impacts of this DB-induced refining for export contributed to increased PD 
combustion across the global fuel chain linked to California refineries. During 2011–2019 
world PD consumption rose from 2010 rates by »5,870 Mb for all uses of PD and »7,860 Mb 
for PD use in transportation.54 These increments exceed the 84 Mb California PD refining and 
69 Mb PD export increments, indicating that DB addition here contributed to increased PD 
combustion globally. Moreover, it may have increased world PD use by more than the 69 Mb 
export increment observed. A substantial body of peer reviewed work suggests that biofuel-
induced petroleum fuel exports to global markets can reduce fuel prices enough to induce 
further petroleum fuels refining and growth.55 56 57 58 59 60 61  


Emissions from DB that failed to replace PD added to those from PD that was not replaced, 
increasing GHG emissions from the total distillate combustion fuel chain.  
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2.2 The Draft Scoping Plan could further increase GHG emissions associated with 
subsidized diesel biofuel addition to the petroleum fuel chain.  


2.2.1 The Draft Scoping Plan would increase subsidized diesel biofuel addition in California  


CARB asserts that its LCFS is “key driver” of renewable diesel growth.62 The LCFS provides 
financial support to DB, including biodiesel and renewable diesel, via a mechanism that 
rewards increasing DB volume (§§ 2.1.1), and gave DB »25.4 million credits from 2011–201963 
as per-credit values rose steeply to $192 by 2019.64 The Draft Scoping Plan would further 
expand this financial support by relying on renewable diesel to a considerable extent in its 
selected suite of petroleum fuels demand reduction measures.65 In its modeling for the Draft 
Scoping Plan, CARB projects renewable diesel use would rise from its 2015–2019 mean by a 
cumulative total of »5.394 exajoules,66 or an energy-equivalent volume of »80.4 Mb,67 during 
2023–2045.68  


2.2.2  Potential diesel biofuel use and petroleum distillate export volume increments  


The DB-induced PD export effect of this 80.4 MB DB increment is readily foreseeable, as 
documented in §§ 2.1.3. Further, CARB could have estimated its extent. For example, CARB 
could use publicly reported State and federal data to estimate that each barrel of DB shifts 
0.99 to 1.03 barrel of PD to export, as described in §§ 2.1.3. CARB could apply this 0.99 to 
1.03 range to its modeled DB increment (80.4 Mb) to estimate a potential DB-induced PD 
export increment of 79.6 Mb to 82.8 Mb through 2045, as shown in Table 3.  


2.2.3  Potential diesel biofuel use and petroleum distillate export emission increments  


CARB estimates the full fuel chain “life cycle” carbon intensity (“CI”) of both fuels in its LCFS 
and could have done so for its projected Scoping Plan fuel volume increments. Fuel-specific 
energy density and default CI values69 indicate a CI factor of 567.3 kg CO2e/barrel PD, and 
CI factors of 245.0 to 353.9 kg CO2e/barrel renewable diesel, depending on whether it is 
derived from “residue” or “crop” oil feedstock. CARB could have used these data with the 
volume increments in Table 3 to estimate potential impacts that could result from the Draft 
Scoping Plan renewable diesel expansion. These results are shown in Table 3.  


Thus, CARB could have estimated cumulative GHG emission increments, during 2023–2045 
over 2015–2019 mean rates, that range from 19.7 to 26.4 MMT associated with DB addition 
in California, and 45.2 to 47.0 MMT associated with DB-induced PD exports from California.  


Importantly, since DB fails to replace PD and DB-induced PD exports contribute to increased 
PD emissions globally (§§ 2.1.3), emission increments from both fuels (64.9 to 75.4 MMT) 
describe the potential direct contribution of DB-related effects to climate impacts.  


27  Draft Scoping Plan at page 18.  
28  LCFS Regulation Order, Title 17, CCR, §§ 95480–95503.  
29  Id.  
30  CARB Monthly LCFS Credit Transfer Activity Reports Accessed Jun 2022.  
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31  This acronym for diesel biofuel (“DB”) is used for brevity as the term is repeated for 
precision in the text. DB includes biodiesel and renewable diesel.  


32  CARB LCFS Quarterly Summary Report Accessed Jun 2022.  
33  Id.  
34  CEC supra. The CEC defines petroleum distillate as the mix of No. 1, No.2 and No. 4 


diesel and fuel oils. When diesel biofuel substitutes for petroleum distillate in one 
location, refiners adjust processing to seek the highest-value mix of petroleum distillate 
component sales across their global fuel chain.   


35  Based on CARB, Fuel Activity for California's Greenhouse Gas Inventory by Sector & 
Activity (Fourteenth Ed.: 2000 to 2019) Jul 2021; and California Energy Commission 
(CEC), Refinery Inputs and Production Jun 2022 (Fuel Watch data); and Exhibit 1, 
appended hereto, reporting CARB and CEC data.  


36  CARB, supra; CEC, supra; Exhibit 1.  
37  CEC, supra; Exhibit 1 (reporting in-state production and world consumption data).  
38  Ha-Duong et al. Influence of socioeconomic inertia and uncertainty on optimal CO2-


emission abatement Nature 390:270. Nov 1997.  
39  Unruh. Understanding carbon lock-in Energy Policy 28: 817 Mar 2000.  
40  Davis et al. Future CO2 Emissions and Climate Change from Existing Energy 


Infrastructure Science 329: 1330 Sep 2010.  
41  Davis and Socolow. Commitment accounting of CO2 emissions Env. Res. Letters 9. Aug 


2014.  
42  Rozenberg et al. Climate constraints on the carbon intensity of economic growth Env. 


Res. Letters 10. Sep 2015. 43 Seto et al. Carbon Lock-in: Types, Causes, and Policy 
Implications Annu. Rev. Environ. Resour. 41:425. Sep 2016.  


44  Smith et al. Current fossil fuel infrastructure does not yet commit us to 1.5 ºC warming 
Nature comm.10:101. Jan 2019.  


45  Tong et al. Committed emissions from existing energy infrastructure jeopardize 1.5 ºC 
climate target Nature 572: 373. Jul 2019. 


46  CEC, supra; CARB, supra; Exhibit 1 appended hereto. 
47  CEC, supra; CARB, supra; Exhibit 1 appended hereto. 
48  Exhibit 2; Partial least squares regression results for data from CEC, supra and CARB, 


supra; appended hereto. 49 Exhibit 2; Partial least squares regression results for data 
from CEC, supra and CARB, supra; appended hereto. 50 CEC, supra; CARB, supra; 
Exhibit 1 appended hereto. 


49  Exhibit 2; Partial least squares regression results for data from CEC, supra and CARB, 
supra; appended hereto. 


50  CEC, supra; CARB, supra; Exhibit 1 appended hereto. 
51  Based on energy densities of 126.13 MJ/gal. biodiesel, 129.65 MJ/gal. renewable diesel, 


and 134.47 MJ/gal. ULSD from the LCFS Regulation Order, Title 17, CCR, §§ 95480–
95503; a 34%/66% biodiesel/renewable diesel mix of in-state DB use from 2011–2019 
from CARB LCFS Dashboard Figure 10 data table; and the calculations 0.34 • 126.13 
MJ/gal. + 0.66 • 129.65 MJ/gal. » 128.45 MJ/gal. (DB mix) and, 128.45 MJ/gal. (DB mix) 
÷ 134.47 MJ/gal. (ULSD) • 70 Mb » 67 Mb (PD energy-equivalent BD added, in Mb).  


52  Exhibit 2; Partial least squares regression results for data from CEC, supra and CARB, 
supra; appended hereto.  
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53  USEPA Draft Regulatory Impact Analysis: RFS Annual Rules EPA-420-D-21-002. Dec 2021.  
54  Energy Information Administration (EIA) Transportation sector energy consumption by 


region and fuel Data table accessed Mar 2022; International Energy Agency World 
Production and Final Consumption of Gas/Diesel IEA Data and Statistics; Data Tables; Oil; 
accessed Mar 2022; and Exhibit 1, appended hereto, reporting these data.  


55  Drabik and de Gorter. Biofuel Policies and Carbon Leakage AgBioForum 14: 3. 2011.  
56  Chen and Khanna. The Market-Mediated Effects of Low Carbon Fuel Policies AgBioForum 


15:1. 2012.  
57  Grafton et al. US biofuels subsidies and CO2 emissions: An empirical test for a weak and a 


strong green paradox Energy Policy 68: 550. Dec 2013.  
58  Bento and Klotz. Climate Policy Decisions Require Policy-Based Lifecycle Analysis Environ. 


Sci. Technol. 48: 5379. Apr 2014.  
59  Rajagopal et al. Multi-objective regulations on transportation fuels: Comparing renewable 


fuel mandates and emission standards Energy Economics 49: 359. Mar 2015.  
60  Hill et al. Climate consequences of low-carbon fuels: The United States Renewable Fuel 


Standard Energy Policy 97: 351. Aug 2016.  
61  Abdul-Manan. Lifecycle GHG emissions of palm biodiesel: Unintended market effects 


negate direct benefits of the Malaysian Economic Transformation Plan Energy Policy 104: 
56. Jan 2017.  


62  Draft Scoping Plan at page 18. 
63 CARB LCFS Quarterly Summary Report Accessed Jun 2022.  
64 CARB Monthly LCFS Credit Transfer Activity Reports Accessed Jun 2022.  
65 Draft Scoping Plan at pages 18, 153; Draft Scoping Plan, Appendix H, at page 61.  
66 CARB AB32 GHG Inventory Sectors Modeling Data Spreadsheet May 2022. Energy 


Demand, in California PATHWAYS Model Outputs.  
67 Based on CARB fuel energy data from the LCFS Regulation Order, Title 17, CCR, §§ 


95480–95503.  
68 The CARB projection may understate potential DB growth in California substantially. 


Planned renewable diesel feedstock refining capacity expansions by Phillips 66 at Rodeo 
(29.2 Mb/year), Marathon at Martinez (17.5 Mb/y) and AltAir at Paramount (7.8 Mb/y new 
capacity) suggest more rapid DB growth than CARB projects. If build as scheduled and 
run targeting a feasible 68.1% distillate yield on feed, these three California lipids refining 
projects could add some 37.2 Mb/y of renewable diesel capacity. If all three projects are 
built, commissioned on schedule and can overcome lipids feedstock supply limitations to 
operate at capacity, the growth of DB use in California by 2030 could be more than 
double that which CARB projects. But targets announced by refiners for projects not yet 
built are uncertain forecasts, and there are good reasons to limit reliance on hydrotreated 
lipids-based diesel biofuels.  


69  See LCFS Regulation Order, Title 17, CCR, §§ 95480–95503.” 


Response: Please refer to Master Response 6.  


H152-5: The commenter states, “2.3 The Draft Scoping Plan could result in major air quality 
and environmental health impacts associated with renewable diesel refining and diesel 
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biofuel-induced petroleum distillate refining for export in communities near California 
refineries.  


This potential for 79.6 to 82.8 Mb of additional PD refining for export through 2045 would 
emit criteria and other toxic air pollutants in communities near California refineries, pollution 
that would be directly linked to the GHG emissions exported with the refined fuels. Supply-
demand imbalances that drive these increased community health risks from PD refining for 
export would increase to a greater extent under the Draft Scoping Plan than its no project 
alternative.70 71 BD refining impacts, and in particular the potential for extremely hydrogen-
intensive renewable diesel processing to result in acute air pollutant exposures from more 
frequent flaring,72 would add new risks in nearby communities. Thus, by resulting in new and 
prolonged exposures to harmful air pollutant emissions associated with prolonged or 
increased refining for export and increased biorefining, the Draft Scoping Plan could result in 
significant air quality and environmental health risk impacts.  


70  Compare Alternative 3, Reference Scenario in CARB AB32 GHG Inventory Sectors 
Modeling Data Spreadsheet (supra) for potential to induce refining for export.  


71  Additional support for this comment specific to refinery emission impact is provided in § 
1.3 and part 3 herein.  


72  Karras. Changing Hydrocarbons Midstream Aug 2021. Prepared for the NRDC.” 


Response: Please refer to Master Response 6 and to response to comment 166-6 regarding 
how biomass-energy supply estimates available to produce biofuels used for the 2022 
Scoping Plan modeling were constrained based on feedstock that could be economically and 
beneficially used to displace fossil fuels, inherent physical and/or permit limits on refineries 
that would restrict production, the substantial long term GHG emissions reductions expected 
from implementation of the Scoping Plan Scenario, and post-plan adoption activities related 
to implementation of the 2022 Scoping Plan that will further examine issues related to the 
transportation fuel supply-demand transition.  


H152-6: The commenter states, “2.4 The Draft Scoping Plan could result in major climate 
impacts from emission shifting caused by biofuel-induced refining for export in apparent 
conflict with state climate law.  


2.4.1 State law requires minimizing GHG emission-shifting to the extent feasible 


CARB asserts that the Draft Scoping Plan DB expansion measures would reduce GHG 
emissions from petroleum fuels in California. Though correct as to that limited point, CARB’s 
analysis is incomplete; it ignores the resultant emission shifting. GHG emissions impact 
climate globally wherever GHG emits. Recognizing this, the California Health and Safety 
Code requires CARB to minimize emission shifting, which the Code defines as “a reduction in 
emissions of greenhouse gases within the state that is offset by an increase in emissions of 
greenhouse gases outside the state.” Cal. Health & Safety Code §§ 38505 (j), 38562 (b) (8). 
But by financing increased DB use which shifts PD to export while rejecting feasible direct 
control measures, the Draft Scoping Plan would result in the GHG emission shift defined. This 
would appear to conflict with State climate law.  
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2.4.2  Cross-border GHG emissions associated with petroleum distillate refining for export 
could exceed in-state GHG emission reduction from diesel biofuel substitution  


GHG emissions from DB that fails to replace PD and from that PD would contribute to global 
climate impacts. However, the Draft Scoping Plan limits its focus to emissions in California 
alone. It subtracts emissions associated with PD (which would in fact be exported) from 
emissions associated with DB used in-state to find emission reductions within the State. 
Results in Table 3 indicate a potential incremental GHG emission reduction within the state 
ranging from 16.8 (45.2 – 28.4 = 16.8) to 27.3 (47.0 – 19.7 = 27.3) MMT. PD emissions from 
the DB-induced PD export increments, however, would exceed this in-state reduction at 45.2 
to 47.0 MMT (Table 3). Thus, the smaller GHG emission reduction within the state would be 
offset by the larger GHG emission increase outside the state. 


2.4.3  Feasible measures the Draft Scoping Plan excludes could minimize emission shifting  


CARB can establish direct emission control standards expressed as throughput limits to each 
refinery in California. This measure has proven feasible when implemented on an air quality 
and environmental health basis and can effectively limit refining for export. See §§ 1.1.1 and 
§ 1.3. Moreover, this measure may be required to minimize GHG emission shifting and, at a 
minimum, that requirement further supports its feasibility. This measure is further discussed 
in §§ 1.4.3. 


CARB also can establish a numeric cap on statewide DB usage. A lipids-derived DB cap has 
been suggested by the State’s expert advisors on transportation measures to achieve its 
climate goals,73 and could lessen or avoid new air quality and climate impacts associated with 
DB fuel chain emissions and those from DB-induced refining for export. This measure also 
could support lower-emitting and more scalable non-combustion freight and shipping 
alternatives.  


2.5  The Environmental Assessment (EA) is factually incomplete.  


Presuming that diesel biofuel replaces petroleum distillate fuel, when it does not, represents 
a fatal error in the Draft Scoping Plan and the EA. The EA does not identify, describe, assess, 
or analyze feasible mitigation for air quality, environmental health, or climate impacts 
associated with refining and burning more total distillate that could result from the Draft 
Scoping Plan.  


73  Brown et al. Driving California's Transportation Emissions to Zero Apr 2021. UC Office of 
the President, ITS reports. See pages 392–396.” 


Response: Please refer to Master Response 6.  
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H152-7: The commenter states, “3 Potential impacts from delayed refining phase down on 
the feasibility of climate stabilization pathways  


Putting off transition impacts by delaying direct refining phase down measures CARB can 
take now to transition from oil, the Draft Scoping Plan would lead to a vicious cycle: 
Cumulative emissions increase faster while time left for cutting them shortens. This forces 
deeper cuts faster to our climate goal. That increases the severity of transition impacts, 
reinforcing the vicious cycle. Delay, then, can be a dead-end path to climate disaster. 
Analysis of high-quality data demonstrates that the Draft Scoping Plan phase down delay 
could breach clearly foreseeable feasibility tipping points. Major impacts that could result 
from its rejection of “maximum feasible” measures include conflict with State climate law, 
prolonged toxic health impacts near refineries, and total cumulative emissions that far 
exceed the State GHG emissions goal. The Draft Scoping Plan and EA obscure these impacts 
through a series of errors and omissions.  


3.1  The Draft Scoping Plan obscures potential impacts of delayed refinery phase down.  


3.1.1  Delayed refining cuts make emissions targets less feasible to achieve  


This point is simple and crucial. Suppose one sector in the statewide economy emits 50 
percent of total statewide emissions and all other sectors emit the other 50 percent. When 
we need total emissions to be cut 25 percent, if the super-emitter delays its cuts, all the other 
sectors must cut their emissions by 50 percent to make the cut. That makes the total cut less 
feasible than it would be if all sectors did their share. When we need total emissions cut 50 
percent, if the super-emitter still delays its cuts, all other sectors must cut their emissions by 
100 percent (go to zero) to make the cut. That makes the needed cut much less feasible.  


In fact, the petroleum fuel chain linked to California refineries emits up to 65 percent of total 
GHG linked to all activities in California.74 Moreover, accounting for the emission shifting 
enabled by an absence of direct refinery GHG emission standards, which allowed export 
refining as in-state petroleum demand began to decline, sustained cuts in those refining-
linked petroleum fuel chain emissions were, in fact, delayed.75 The Draft Scoping Plan omits 
these facts.  


3.1.2  The Draft Scoping Plan does not quantify and report any path to the State’s direct 
emissions targets that is known to be feasible based on measures proven in practice  


State climate emission reduction targets, expressed in shorthand as –40% by 2030 and –80% 
by 2050, are direct emission reduction goals, which “carbon neutrality” measures such as 
industrial or biological carbon sequestration are explicitly meant to supplement but not to 
replace.76 The State’s “carbon neutrality goal is layered on top of the state’s existing 
commitments to reduce greenhouse gas emissions 40% below 1990 levels by 2030 ... and 
80% below 1990 levels by 2050.”77 This distinction is important because CARB climate plans 
and measures are required to achieve the “maximum feasible” GHG emission reductions,78 
and carbon-capture-sequestration has not been proven feasible at the necessary scale.79   
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In essence, State policy calls on CARB to refrain from delaying feasible measures to meet 
State GHG emission targets in favor of unproven carbon neutrality measures that may not 
prove feasible and in any case are to be “layered on top” after the State emission targets are 
met. But that is not what the Draft Scoping Plan does. None of its scenarios include direct 
refinery phase-down standards. All of them lump proven direct measures and unproven 
carbon capture measures together, conflate the emission reduction target and carbon 
neutrality goal analyses,  or both. It does not quantify and report any path to the direct 
emission reduction targets that is known to be feasible based on measures that are proven in 
practice.  


3.1.3  The Draft Scoping Plan obscures climate impacts of delay through failure to disclose 
and compare cumulative emissions from its scenarios over time  


Emitted CO2 accumulates in the upper atmosphere, where it contributes to climate-forcing 
“greenhouse” impacts on the climate system for hundreds of years. Cumulative emission 
over time is a direct metric for climate effects of the Draft Scoping Plan. Annual emission 
snapshots are not. However, the Draft Scoping Plan presents analysis focused on snapshots 
of annual emission rates. This obscures climate impacts that could result from the Draft 
Scoping Plan.   


First it obscures impacts of delayed emission cuts on climate. For example, the Draft Scoping 
Plan (Alternative 3) delays GHG emission cuts from replacing fossil fuels in vehicles, power 
plants and industry compared with Alternative 1. It presents Alternative 3 as resulting in 
equivalent GHG emission cuts to Alternative 1 between 2020 and 2045 (–355 MMT), based 
on its comparison of annual emissions between those two years.80 Adding up the data for all 
years from 2020 through 2045, however, cumulative GHG emissions from the Draft Scoping 
Plan exceed those from Alternative 1 by »1,520 MMT, or »26 percent.81 Sole focus on the 
annual emissions obscures a 1,520 MMT climate impact of delay that cumulative analysis 
reveals.  


Second, focusing solely on annual emissions obscures impacts of delayed emission cuts on 
the feasibility of climate stabilization. In the example above it missed 1,520 MMT of 
cumulative emissions that are more feasible to prevent than to suck out of the air after the 
GHG emits. Both limiting the accumulation of GHG emissions to a climate-forcing impact of 
1.5 to 2 ºC global heating, and the feasibility of measures which could do that, have a timing 
component. Their timing and feasibility are interdependent. Quantifying this 
interdependence has been a central problem in CARB climate planning. Pairing technology 
pathways analysis with cumulative emission trajectories analysis can solve this problem.82 
Indeed, this inclusive data analysis method appears necessary to estimate the feasibility of 
climate pathways accurately.  


Moreover, the Draft Scoping Plan does not disclose that the State’s direct emission targets 
were developed and timed to limit cumulative emission at the State’s share of global 
emission that is consistent with holding climate heating below 2 ºC. Its direct emission 
targets define this climate limit. The targets seek continuous, proportionate annual cuts in 
direct emissions during three periods.83 First, back to the emission rate in 1990 by 2020, then 
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40 percent below the 1990 rate by 2030, then 80 percent below the 1990 rate by 2050. Now 
we are past 2020, statewide emissions were close to that first target, and we have reliable 
and accurate emissions data representative of current pre-COVID conditions from 2013–
201984 to assess the proportionate annual cuts to the 2030 and 2050 targets. With these cuts, 
a certain amount of CO2e will be emitted each year through 2050. The climate limit is simply 
the sum total of these proportionately declining annual emissions. See Chart 3. 


 


3. State Climate Target: Cumulative emission limit through 2050 defined by state climate 
targets  


For data and details of methods see CEJA (2022) Supporting Material, esp. Table S9. 


Chart 3 illustrates cumulative emission trajectories defined by State climate targets. The 
trajectories start with actual emissions as of 2017 based on high quality State and federal 
data.85 Reduced emissions defined by the targets add to cumulative emissions in each 
subsequent year. The non-petroleum (brown shading), petroleum fuel chain (yellow shading), 
and total (green curve) trajectories bend downward because of these sustained emission 
cuts. The climate limit (red line) is the total emissions through 2050, approximately 11.1 
gigatons (Gt) or 11,100 MMT. This cumulative emission limit is consistent with State’s share 
of global emission reductions for a 67 percent chance of holding global heating to between 
1.5 and 2.0 ºC.86  







2022 Scoping Plan 
Response to Comments   Responses to Comments 


259 


3.2  Even if all other, non-petroleum emissions are cut to their share of the State direct 
emissions reduction goal, this goal cannot be achieved without petroleum refining rate 
cuts.  


To assess potential climate impacts, CEJA compared cumulative emissions from the 
petroleum fuel chain linked to California refineries with the climate limit, along pathways 
without crude rate reductions. Uncut petroleum emissions would build up more than in the 
climate limit trajectory illustrated in Chart 3. But how much more? CARB did not say.  


Chart 4 illustrates the potential for climate impacts from the petroleum fuel chain alone, by 
showing emissions associated with all other, non-petroleum activities statewide as they would 
appear if cuts to their share of the climate limit will be sustained along the entire path from 
2017 through 2050. The “all other, non-petroleum” trajectory in Chart 4 is the same as its 
climate limit trajectory as illustrated in Chart 3 above (brown shading in both charts).  


 


4. Cumulative emission along petroleum fuel chain pathways without refinery crude rate 
cuts.  


Assumes all other non-petroleum emissions are cut to their share of the climate limit. (a) 
Without refinery crude rate cuts, Case 2 includes only crude-to-biofuel refinery conversions 
which would not reduce capacity to maintain current refining rates on all climate pathways. 
For data and details of methods see CEJA (2022) Supporting Material, tables S11, S12.1 


Uncut petroleum fuel chain emissions without crude rate cuts (yellow shading) drive a 
dramatic buildup of total cumulative emissions (rising blue and orange curves) to exceed the 
climate limit (red horizontal line) by a wide margin before 2050. Pathways without crude rate 
cuts exceed the climate limit trajectory by 13 to 16 percent in 2030, irreversibly exceed the 
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2050 climate limit by 2038, and exceed the limit by 5,300 to 5,900 MMT, or 48 to 53 percent, 
by 2050.87 That vast accumulation of climate forcing GHG would contribute to global climate 
heating significantly.  


This climate protection failure would occur despite cutting all other non-petroleum emissions 
to their share of the climate limit. See Chart 4. It would occur despite falling in-state demand 
for petroleum fuels. See §§ 1 and 2 herein. Ongoing refiner efforts to protect their otherwise 
stranded assets and seek returns to scale by increasing refining for export across the global 
fuel chain in response to decreasing in-state demand would be among its proximate causes. 
Id. A root cause would be State failure, despite clearly foreseeable and significant local and 
global impacts of this emission shifting, to directly control and phase down petroleum 
refining in-state. By rejecting this measure the Draft Scoping Plan could result in this climate 
protection failure. 


 


Box: CBE (2020) 


74  CEJA, Climate Pathways in an Oil State Prepared by Greg Karras. Feb 2022.   
75  Id.  
76  Executive Order B-55-18 to Achieve Carbon Neutrality Edmund G. Brown Sep 2018. 
77  Mahone et al. Achieving Carbon Neutrality in California: PATHWAYS Scenarios 


Developed for the California Air Resources Board Energy and Environmental Economics. 
Oct 2020. See page 14.  


78  See Cal. Health & Safety Code §§ 38560.5 (c), 38561 (a), (c), 38562 (a).  
79  See Draft Scoping Plan comments of Julia May on behalf of the California Environmental 


Justice Alliance.  
80  CARB AB32 GHG Inventory Sectors Modeling Data Spreadsheet (supra)  
81  Id.  
82  CBE (2020) supra; CEJA (2022) supra.  
83  See CBE (2020) supra  
84  CEJA (2022) supra, see Table S1.  
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85  Id.  
86  CEJA (2022) supra, see tables S9, S10. 
87  CEJA (2022) supra, see table S11 and S12.” 


Response: As part of developing the 2022 Scoping Plan, CARB is required by statute to 
develop an actionable plan that lays out a cost-effective and technologically feasible path to 
ensure we meet the statewide GHG targets. In evaluating the feasibility of the scenarios (see 
Chapter 2 of the 2022 Scoping Plan), CARB staff considered technology readiness, costs for 
decarbonizing fuels and technology, and consumer adoption of new technologies or 
practices. The transition away from fossil fuels will require building large amounts of clean 
energy infrastructure, which can take a significant number of years from planning to 
construction, and which need to be in place before the switch to cleaner options can be 
made. Therefore, scenarios that rely on larger amounts of energy infrastructure build-out 
complemented by turnover of existing vehicles and appliances and other behavioral changes 
by consumers at a faster pace are inherently less feasible. Implementation of the 2022 
Scoping Plan will reduce GHG emissions from AB 32 GHG Inventory source sectors 48 
percent below 1990 levels by 2030, surpassing the statutory mandate of 40 percent below 
1990 levels required by SB 32. The Scoping Plan Scenario results in California petroleum 
refining emissions of 4.5 MMTCO2e in 2045, a reduction of approximately 85 percent 
relative to 2022 levels that is in line with the decline in in-state finished fuel demand, which 
can be further reduced through application of CCS (94 percent).99 If in-state refining is 
phased down to zero and the demand for the finished fuels persists, imported finished fuels 
may be needed to meet remaining in-state demand. The 2022 Scoping Plan Scenario results 
in at least 85 percent reduction in anthropogenic GHG emissions from 1990 levels by 2045, 
with carbon dioxide removal compensating for the remaining emissions in order to achieve 
net zero GHG emissions as required by AB 1279. 


H152-8: The commenter states, “3.3 By rejecting gradual implementation of direct refinery 
phase down measures that can be in effect before 2031, the Draft Scoping Plan could 
result in a significant climate impact through failure to include the “maximum feasible” 
measures, contrary to state climate law. 


Cuts to zero emissions “will not happen overnight.”88 Even with deep non-zero cuts, 
cumulative emission keeps rising, as shown for the “all other, non-petroleum” emissions in 
Chart 4. This shows waiting for emissions to approach the climate limit can delay action until 
it is too late.  


Tipping points in the feasibility of meeting our climate limit, as measured by refining capacity 
lost annually along climate pathways, are different from tipping points in the climate system. 
Compared with the complexity and uncertainty of climate system tipping points, these 
feasibility tipping points are certain to occur with delay, and predictable based on simple 
math. See Box.  


 
99 This reduction in demand does not assume any need for ongoing operations to support exports to 
neighboring states. 
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Tipping points can be quantified based on available data89 that CARB could have analyzed in 
its Draft Scoping Plan feasibility analysis. However, the Draft Scoping Plan fails to disclose 
clearly foreseeable tipping points in the feasibility of achieving State emission targets that are 
directly linked to the timing of refinery phase downs. Chart 5 illustrates the deeply diving 
downward curves of annual refining capacity losses that would be caused by delays in 
starting crude rate cuts along 91 pathways to the climate limit.  


 


5. Effect of delay on annual refinery crude rate cuts to the State climate limit. 


Assumes non-petroleum emission cuts to their share of the climate limit. (a) Case 2, in this 
report, assumes repurposing refining capacity lost along climate pathways with HEFA refining 
up to the 50/50 biofuel/petroleum jet fuel blending limit. HEFA: Hydrotreated esters and 
fatty acids; type of biofuel. For data and details of methods see CEJA (2022) Tables 11, 12. 


Pathways to the climate limit that decommission refinery capacity gradually at five to seven 
percent per year (Chart 5, left) would be foreclosed by delaying the start date for sustained 
crude rate cuts in the petroleum fuel chain from left to right in the chart. Delay until 2032 
(Case 1) or 2034 (Case 2) would force refining capacity losses of 80 to 90 percent in a single 
year to meet the climate limit (chart, right). That enormous increase in sudden statewide 
refinery closures, hence worsening of transition impacts, would substantially and irreversibly 
impair the social feasibility of meeting the State climate limit. But the tipping point would 
come sooner.  


Tipping points for the feasibility of meeting the climate limit, after which delay drives these 
transition impacts over a cliff, from around 20 percent to 80 or 90 percent refinery capacity 
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losses per year to meet the limit, would arrive by 2031 at the latest (orange curve) and could 
trigger irreversible impairment of state climate limit feasibility by 2030 (blue curve).   


Worse, it can take years from official proposal to actual enforcement of refinery emission 
cuts.90 Refinery rulemaking to avoid the feasibility “cliff” illustrated in Chart 5 must start right 
away.  The Draft Scoping Plan would delay direct refinery phase down measure rulemaking.  


California climate law requires CARB climate measures and plans to achieve the “maximum 
feasible” GHG emission reductions.91 Instead, the Draft Scoping Plan would reject planning 
for, and thereby foreclose via delay, a feasible measure that is needed to meet State GHG 
emission reduction targets and depends upon starting sooner for its feasibility. That would 
appear contrary to State climate law and could result in a significant climate impact.  


88  CARB itself makes this point. See Draft Scoping Plan at pages vii, 78, 152.  
89  See CEJA (2022) supra. Charts 3, 4 and 5 and discussions of them herein draw on 


exhaustive analysis of high-quality primary data from CARB and other State and federal 
agencies in CBE (2020) supra and CEJA (2022) supra, which updates the CBE (2020) 
analysis to include more recent new and revised data. The Box above is from CBE.   


90  CEJA (2022) supra, page 15.  
91  Cal. Health & Safety Code §§ 38560.5 (c), 38561 (a), (c), 38562 (a).” 


Response: The comment appears to be directed at the 2022 Scoping Plan document, and 
raises policy-related concerns rather than potential adverse environmental impacts resulting 
from the 2022 Scoping Plan. Oil and gas demand, and associated refinery-related production 
and emissions, would decrease relative to the environmental setting. For more information 
regarding emission reductions at refineries, please refer to response to comment H152-7 
regarding scenario feasibility and corresponding fossil fuel reductions from refineries, as well 
as the accelerated 2030 target, in the Scoping Plan Scenario. Please also refer to Master 
Response 6 regarding refinery production related considerations. 


H152-9: The commenter states, “3.4 Significant air quality, health, and environmental justice 
impacts could result from the failure of the Draft Scoping Plan to include a direct refining 
phase down measure.  


As shown throughout this report, climate, air quality and health impacts that could result 
from the Draft Scoping Plan are linked to increased refining for export and could be lessened 
or avoided by a feasible measure to phase down oil refining. This measure, facility-level direct 
standards expressed as refinery throughput that decline over time, was further shown to be 
justified on an air quality and environmental health basis, which further supports its feasibility. 
This subsection (3.4) incorporates §§ 1.3, 1.5, 2.3, 2.5 herein by reference and further 
supports that measure.   


Low income Black and Brown populations in California communities that host refineries have 
long been shown92 to face disparately worsened exposures to harmful refinery emissions of 
CO2e co-pollutants, such as particulate matter, nitrogen oxides, sulfur oxides, and other 
criteria and toxic air pollutants. Doubling down on this toxic racism, a substantial and 
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potentially growing portion of that disparately severe exposure is being caused by refining 
for export of fuels that Californians do not need or use.93  


The same refinery-specific direct control measures needed to reduce crude rates before our 
most feasible pathways to the State climate limit are foreclosed would reduce these 
emissions from refineries as well. These direct control measures would benefit environmental 
justice communities, further enhancing the feasibility of least-impact pathways to the climate 
limit. Conversely, further delaying them would prolong and worsen an acute social injustice in 
California communities that host refineries, further impairing the feasibility of delayed action 
pathways to the climate limit. For example, consider Table 4.  


Table 4. Refining for export community emission impacts avoidable by the least-impact 
climate pathway starting crude rate reductions in January 2023 


t (ton): metric ton Mt (Megaton): 1 million tons No CCR: no crude rate reduction 
CO2e emitted by refining for export (Mt/y) a Co-pollutant emissions from refining for 


export (t/y) b 
Year No 


CRR 
Climate 


path 
Export 
refining 


PM NOx SOx Subtotal 


2022 35.64 35.64 0.00 0 0 0 0 


2023 35.64 33.58 2.06 129 457 263 848 


2025 35.64 29.81 5.83 364 1,290 744 2,400 


2030 35.64 22.13 13.51 843 3,000 1,720 5,560 


2035 35.64 16.43 19.21 1,200 4,260 2,450 7,910 


2040 35.64 12.20 23.44 1,460 5,200 2,990 9,650 


2045 35.64 9.06 26.58 1,660 5,900 3,390 10,900 


2050 35.64 7.14 28.50 1,780 6,330 3,630 11,700 
PM: particulate matter; PM10 including PM2.5 NOx: oxides of nitrogen SOx: oxides of 
sulfur 
a. CO2e emissions from refining for export without crude rate cuts are the difference of No 
CRR and climate path emissions from the least-impact pathway starting CRR in Jan 2023. b. 
CO2e co-pollutant emissions from refining for export were based on co-emission factors (e.g., 
t PM/Mt CO2e) derived from state refinery emissions data. For data and details of methods 
see CEJA (2022) tables S11, S13. The table shows only new, post-2022, refining for export 
impacts. Table adapted from CEJA (2022). Figures may not add due to rounding. 


Compared with the least-impact climate pathway, in which direct measures launch a gradual 
phase down of refining in 2023, delaying the phase-down start date could foreclose annual 
criteria air pollution cuts from statewide refineries of approximately 5,560 metric tons by 
2030, 9,650 tons by 2040, and 11,700 tons by 2050 from refining for export alone. Table 4.94 
Applying enhanced direct throughput reduction standards to California refineries is therefore 
strongly supported on the basis of need, authority and obligation to cure air quality, health, 
and equity impacts in communities in the shadows of refinery emission stacks.  
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But despite the consequent climate impacts and emission shifting contrary to State climate 
law,95 the Draft Scoping Plan proposes to reject this feasible, needed climate and health 
measure. This proposed action would arbitrarily expose disparately pollutant-burdened 
communities to more harmful air pollution, to which people in communities near refineries 
would be exposed routinely and episodically for an unnecessarily prolonged period. The 
Draft Scoping Plan could thus result in significant air quality and environmental health 
impacts.  


This evidence further supports refinery-specific phase down standards for climate justice. 


92  Pastor et al. Minding the Climate Gap: What's at stake if California's climate law isn't 
done right and right away U. Cal. Berkeley and U. Southern California. Apr 2010. 


93  See §§ 1.1, 1.2, 1.3 and 3.2 herein. 
94  Table 4 was adapted from CEJA (2022), supra  
95  See §§ 1.4, 2.1, 2.2, 2.4, 3.2 and 3.3 herein.” 


Response: The 2022 Scoping Plan leverages traditional air quality policies to achieve both 
GHG and air pollutant emissions reductions and public health benefits, with a focus on 
significant reductions in fossil fuel combustion emissions, while minimizing the risk of abrupt 
impacts on Californians in terms of higher energy prices, higher technology costs, and larger 
employment impacts. Please see response to comment H152-2 regarding the long term 
beneficial operational impacts to air quality and public health reasonably foreseeable from 
implementation of the 2022 Scoping Plan. The remainder of the comment does not raise 
additional significant environmental issues related to the First Draft EA. No changes to the 
First Draft EA are required in response to this comment.  


H152-10: The commenter states, “3.5 The Environmental Assessment (EA) is factually 
incomplete.  


California’s Final Scoping Plan can apply throughput standards to phase down refineries 
before the rising carbon flow through their combustion fuel chain overwhelms its all-source 
emission reduction targets, further poisons nearby Black and Brown communities, and blows 
through our share of cumulative global GHG emission to hold climate heating below 2 ºC. 
This measure is feasible given the gradual refining phase down schedule that is still available 
now, and appears essential to ensure statewide all-source emission targets can be met. 
Instead, the Draft Scoping Plan would exempt refineries from this measure now, while there 
is still time for gradual refinery phase downs, and could thereby foreclose this now-feasible 
measure through delay.96  


The EA does not identify, describe, assess, or analyze feasible mitigation for air quality, 
health, or climate impacts associated with foreclosing feasible refining rate reductions 
through delay. which could result from the Draft Scoping Plan.  


96  As stated, CARB’s rationale for this oil industry exemption fails on the facts. Refiners have 
not phased down in line with in-state petroleum demand; they increased production on 
increased exports across the Pacific Rim. Diesel biofuel did not replace or reduce 
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petroleum distillate refining or combustion; refiners exported petroleum distillate and 
boosted its production. Refining is not a separate, small, or fungible part of the statewide 
GHG equation; it enables fuel chain carbon flow that emits more than half of total 
statewide GHG. There is no evidence for rejecting a proven measure like refining rate 
control based on the presumed cost-effectiveness of an unproven measure like carbon 
capture and storage; cost “effectiveness” of unproven measures cannot be known until 
they prove effective. It is not valid to compare climate effects of deploying different 
arrays of measures over time (“scenarios,” “trajectories” or “pathways”) based on annual 
emissions in their final year alone; the pathway that delays measures may cut to the same 
emission rate in that final year but emit much more along the way—and cumulative 
emissions over time, not ‘blips’ in any one year, drive climate heating. This list of relevant 
errors and omissions in the Draft Scoping Plan and EA is not necessarily exhaustive.” 


Response: Please refer to responses to comments H152-2, H152-3, and H152-7.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H162 


6/23/2022 Irena Asmundson 


H162-1: The commenter states, “Second, the report should include the impacts of embodied 
carbon in the carbon neutrality calculation, as California would severely undercount our 
carbon impacts if we continue to omit consumption but count sequestration. When working 
towards 1990 emissions, it was appropriate to focus purely on the emission side. But when 
working towards carbon neutrality, all impacts on the carbon cycle - positive and negative - 
need to be included. As the 5th largest economy in the world, the 40 million people in 
California consume much more per capita than India, which has a smaller GDP but 1.4 billion 
people. To identify problems that scale globally, we must include the embodied carbon of all 
the new electric vehicles and other goods we buy, even if they were produced elsewhere. 
This will make our path to carbon neutrality much more difficult, and likely makes a 2045 date 
more realistic. But if we are committed to the principle of leadership and doing our part, 
including embodied carbon is necessary.” 


Response: Please refer to response to comment 356-2 for a discussion about embedded 
carbon in products, also known as life-cycle emissions.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter H163 


6/23/2022 Jennifer Normoyle 


H163-1: The commenter states, “The Draft 2022 Scoping Plan does not support or facilitate 
carbon dioxide sequestration by forests, and the need for this is more significant than ever. 
The current plan not only removes more carbon but also enhances our forests' flammability 
and puts people and property at greater risk.” 


Response: The 2022 Scoping Plan contains proposed forest, shrubland, and grassland 
management measures that would avoid catastrophic forest fire, in line with other State 
Programs including the California Vegetation Treatment Management Plan. The comment 
does not provide evidence to support comments related to carbon removal, increased forest 
flammability, and increased property risk, and CARB disagrees with these contentions. No 
further response can be provided.  


H163-2: The commenter states, “Other than when performed within 100 feet of homes and 
structures for defensible space or for the maintenance of evacuation routes, the harms of 
thinning outweigh the benefits. In wildfires, only roughly 3% of the un-thinned forest burns@. 
In other words, most thinning only results in more greenhouse gas emissions than would be 
created by wildfires.” 


Response: The commenter does not provide a reference for their claim that “only roughly 
3% of the un-thinned forest burns”. The details of the NWL analysis, including wildfire 
consumption and emissions, are found in Appendix I. The biogeochemical model used in the 
analysis of forests, shrublands, and grasslands produced estimates of biomass, and therefore 
carbon, consumed from wildfires in each year of the simulation. The model was calibrated 
using flux towers, remote sensing products, relevant literature. These estimates of 
consumption are in line with historical data from CARBs wildfire emissions Inventory as well 
as existing literature that predicts climate change will increase wildfire activity. The estimates 
are based on biogeochemical, hydrologic, fire behavior, and fuel modeling. The literature 
synthesis performed by CARB staff in Appendix I concludes that certain forest management 
actions, such as thinning, can reduce loss of live tree carbon after subsequent fire compared 
to untreated sites. This is also in line with expert feedback CARB received during the NWL 
analysis. No changes to the First Draft EA are needed in response to this comment. 


H163-3: The commenter states, “Further, the best available data indicates that fuel reduction 
does not reduce fire intensity and harms forest resiliency.” 


Response: Please refer to response to comment H163-2. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter H168 


6/23/2022 Susan Lessin 


H168-1: The commenter states, “The preferred NWL alternative 3 calls for more forest 
thinning as the only forest related action. Thinning will result in more GHG emissions. 
Thinning removes far more carbon than if all the thinned areas burned. If there were a fire, 
only approximately 3% of the tree carbon burns.” 


Response: Please refer to response to comment H163-1. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H174 


6/23/2022 Kristen Lee 


H174-1: The commenter states, “Protecting large trees - even the burned ones - helps to 
keep carbon in the forests for years to come, while supporting natural re-growth, providing 
habitat for wildlife, and nurturing biodiversity. 


Removing larger, older trees in post-fire “salvage” logging and clear-cutting releases carbon 
quickly into the atmosphere, while reducing the forest's ability to regenerate naturally. Fires 
only destroy a small percentage of the burned trees carbon per this recent research on forest 
fire impact on carbon storage in trees: https://today.oregonstate.edu/news/huge-forest-fires-
don%E2%80%99t-cause-living-trees-release-much-carbon-osu-research-shows 


Thinning in forests equates to logging and removes carbon quickly while not actually 
decreasing the chance of wildfire. Thinning and logging our forests will hurt our climate 
rather than helping it. We need to keep trees in the forest rather than logging them. Please 
see a relevant scientific opinion here: https://www.fresnobee.com/opinion/op-
ed/article262634247.html” 


Response: CARB disagrees with the commenter’s claim that the 2022 Scoping Plans forest 
management and wildfire reduction related aspects would lead to a net increase in GHG. As 
discussed in the 2022 Scoping Plan and its appendices, CARB has determined that these 
actions would help the state achieve the GHG reduction goals set forth in the 2022 Scoping 
Plan. For NWL, the 2022 Scoping Plan is projected to achieve emissions reductions relative to 
the Reference Scenario as well as Alternative 1. Under Alternative 1, no forest management 
was implemented. The modeling projected that Alternative 1 results in increased emissions 
relative to the Scoping Plan Scenario, primarily due to losses from wildfire. The article noted 



https://today.oregonstate.edu/news/huge-forest-fires-don%E2%80%99t-cause-living-trees-release-much-carbon-osu-research-shows

https://today.oregonstate.edu/news/huge-forest-fires-don%E2%80%99t-cause-living-trees-release-much-carbon-osu-research-shows

https://www.fresnobee.com/opinion/op-ed/article262634247.html

https://www.fresnobee.com/opinion/op-ed/article262634247.html
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in the comment is subscription only and was not provided with the comment, therefore we 
could not evaluate it. 


CARB staff would like to note that the management strategies discussed in the 2022 Scoping 
Plan are intended to improve forest health and resilience, including protecting the large trees 
as the commenter states. None of the management strategies included in the 2022 Scoping 
Plan exclusively target removal of large trees. Salvage logging is not a management strategy 
included in the 2022 Scoping Plan. While clearcutting is included, the acres of clearcutting 
are not increased in the 2022 Scoping Plan from the Reference Scenario. The details of the 
NWL analysis, including wildfire consumption and emissions, are found in Appendix I. The 
literature synthesis performed by CARB staff in Appendix I concludes that certain forest 
management actions, such as thinning, can reduce loss of live tree carbon after subsequent 
fire compared to untreated sites. This is also in line with expert feedback CARB received 
during the NWL analysis. Through the literature synthesis, CARB has relied on the best 
available science and conducted robust modeling that incorporated the latest science (see 
Appendix I for details). Indeed, the results of the NWL analysis agree with published 
literature as discussed in Chapter 2. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H185 


6/24/2022 Noah Garcia, Advanced Energy Economy 


H185-1: The commenter states, “First, AEE recommends that CARB update its Draft Scoping 
Plan in a manner that clearly articulates a vision for achieving 40 percent GHG emission 
reductions from 1990 levels by 2030 pursuant to Senate Bill (SB) 32. Prioritizing near-term 
GHG emission reductions using readily available technologies is foundational for achieving 
statutory climate goals and positioning California to achieve carbon neutrality by 2045 or 
earlier. However, the Scoping Plan provides a limited view of how California is expected to 
achieve its 2030 goal of reducing annual emissions below 259 million tons of CO2 equivalent 
(CO2e). Recent analysis from Energy Innovation finds that, to meet California’s SB 32 goals 
and remain on a path to carbon neutrality by 2045, the state’s annual GHG reduction rate 
would have to more than triple from current levels.1 Regrettably, the Draft Scoping Plan 
does not appear to provide detailed recommendations or a pathway for achieving this 
accelerated level of GHG emission reductions by 2030. Instead, the Draft Scoping Plan 
asserts that “non-Cap-and-Trade Program policies could potentially reduce the state’s GHG 
emissions to 304 MMTCO2e in 2030…leaving Cap-and-Trade to potentially deliver 44 
MMTCO2e that same year.”2 The Draft Scoping Plan also states CARB will assess in 2023, 
after the Draft Scoping Plan is finalized, whether California’s cap-and-trade program needs to 
be updated to achieve its 2030 goals.3  







2022 Scoping Plan 
Response to Comments   Responses to Comments 


270 


Put simply, the Draft Scoping Plan appears to provide little information on how existing 
sector-based and industrial policies would reduce California’s annual GHG emissions to 304 
MMT CO2e in 2030, and suggests that California’s signature cap-and-trade program may not 
currently be designed to yield the additional emissions reductions necessary to achieve SB 32 
targets. To rectify this situation, AEE respectfully requests that CARB modify its Scoping Plan 
to clearly identify a pathway (or pathways) by which California can maximize cost-effective 
GHG reductions in accordance with SB 32 requirements and provide greater clarity on any 
potential cap-and-trade program modifications that are necessary to achieve California’s 
2030 climate goals. California cannot afford to wait until the next Scoping Plan cycle to 
address these issues, and more aggressive near-term policy action will ultimately put the 
state on a more sustainable path to deep decarbonization. 


2  Emphasis added. Draft Scoping Plan at 90.  
3  Id. at 87.” 


Response: Please refer to Master Response 5 regarding modeling considerations used in 
developing and refining the Scoping Plan’s Proposed Scenario. This comment does not raise 
any specific environmental issues related to the First Draft EA, nor does it address the 
accuracy, adequacy, or completeness of the First Draft EA. No changes to the First Draft EA 
are required in response to this comment.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H186 


6/24/2022 Katharine Larson, Southern California Public Power Authority 


H186-1: The commenter states, “b. Additional analysis is needed to understand impacts 
on electricity reliability and affordability 


SCPPA believes that, based on the information currently available, Alternative 3 is the least 
likely to create unintended consequences for grid reliability and electricity affordability while 
still achieving the state’s clean energy and economywide decarbonization goals. As such, 
Alternative 3 appears to represent an implementable statewide path to carbon neutrality. 
SCPPA cautions, however, that these assessments are based on incomplete information. 
First, the draft SPU’s modeling fails to account for the significant energy needs for 
electrolysis to produce green hydrogen and for engineered carbon removal, meaning the 
estimated load increase associated with Alternative 3 is likely a severe underestimate. In 
addition, rigorous analyses of system and local grid reliability and electricity affordability are 
currently missing from the draft SPU and the state’s other long-term planning processes. The 
final SPU must acknowledge the need for these additional analyses, the importance of which 
is summarized below. 
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• Systemwide reliability analysis. As SCPPA and the JUG have explained in prior 
comments, the SB 100 resource portfolio underpinning Alternative 3 has not been 
studied for systemwide reliability impacts.9 Understanding the impacts to system 
reliability is necessary because the path to carbon neutrality depends on reliable 
electricity sources. In addition, based on the AB 32 GHG Inventory Modeling Data 
Spreadsheet, the electric load in Alternative 3 would exceed the “high electrification” 
demand used to model the SB 100 core scenario without factoring in electricity needs 
for hydrogen production and engineered carbon removal. While these are currently 
assumed to be powered by unmodeled off-grid renewables, they should be addressed 
in modeling to fully assess the potential load growth associated with Alternative 3. 


The question of systemwide reliability is not a hypothetical issue. In August 2020, during a 
West-wide extreme heat wave, the state suffered rotating blackouts.10 Last summer, high 
temperatures, coupled with unreliable transmission for Northwest imports due to the Bootleg 
Fire, nearly destabilized the California Independent System Operator (CAISO) system. These 
conditions led Governor Newsom to issue an emergency proclamation that, among other 
orders, suspended air quality regulations on backup generators during CAISO grid warning 
or emergency notices.11  


Reliability concerns persist today, even before factoring in the increased load in a high 
electrification scenario. Concurrent with the release of the draft SPU, leaders from the state 
energy agencies announced the need for potentially significant contingencies this summer 
during net peak hours under extreme conditions to avoid blackouts. In response, Governor 
Newsom proposed $5.2 billion in his revised budget for a “strategic electricity reliability 
reserve,” which could include existing generation capacity that is scheduled to retire as well 
as new diesel and natural gas backup generators, among other resources.12 At a subsequent 
workshop, California Energy Commission (CEC) and California Independent System Operator 
(CAISO) staff projected that reliability concerns during late summer net peak hours will 
persist at least through summer 2026.13 


9  See November 19, 2021 JUG comment letter; October 22, 2021 joint POU comment 
letter; and September 3, 2021 joint POU comment letter.  


10  Final Root Cause Analysis of Mid-August 2020 Extreme Heat Wave.  
11  July 30, 2021 Emergency Proclamation  
12  Refer to May Revise Summary, https://www.ebudget.ca.gov/2022-


23/pdf/Revised/BudgetSummary/FullBudgetSummary.pdf  
13  Refer to CEC slides and CAISO slides from May 20, 2022 CEC reliability workshop.” 


Response: Please refer to response to comment 574-1. The reasonably foreseeable 
compliances responses and impacts associated with solar resources, hydrogen production, 
and CDR are described in the First Draft EA. The remainder of this comment speaks to the 
need to better understand electric system reliability and customer affordability challenges as 
the state transitions to a clean electricity grid, and does not specifically speak to the 
adequacy, accuracy, or completeness of the First Draft EA. No further response and no 
changes to First Draft EA are required. 
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Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H210 


6/24/2022 Central Valley Defenders of Clean Air and Water 


H210-1: The commenter states, “For these reasons, we are alarmed by what is in the Draft 
Scoping Plan. There is no discussion of directly regulating these dairies. Instead, CARB claims 
that dairy herds need to be more concentrated and that dairies wilI need to install 380 more 
digesters to meet California's methane emission goals. This is a decision being made by the 
state to put industry profits over our health and the health of the planet: 


The dairies only want to continue to grow their business and their money so they will 
want to continue growing their herd sizes to get more money. That means more 
contamination for my community. We are tired that you do not take us into 
consideration. We have the right to live with clean air and clean water. You do not 
understand that you are sacrificing my community for the dairy's economic benefit. 
– Minerva Contreras, Lamont 
 
They're thinking of turning cow manure into fuel. In order for them to do that and be 
profitable, they would need more cows. and I think that’s what they’re trying to do. 
More cows equals more nitrates and more odor sifting through our town. 
– David Rodriguez, Planada 


For these reasons, we call on the Board to reject the Draft Scoping Plan’s proposal to 
increase dairy digesters and gas from manure. In order to protect our communities and the 
planet, CARB must take seriously the impact that these industrial dairies have on our 
communities. CARB must stop supporting the concentration of dairy herds in our 
communities and focus on real solutions that prevent greenhouse gases and pollution from 
being released into our environment to begin with. We need CARB to directly regulate 
emissions coming from these dairies to ensure our communities are protected and, at the 
same time, ensure the largest source of methane in California is directly reduced to prevent 
the worst impacts from climate change.” 


Response: This comment raises environmental issues associated with anaerobic digesters at 
dairy operations with limited relevance to the First Draft EA. The comment asserts that the 
2022 Scoping Plan insufficiently discusses regulation of dairy and livestock facilities and which 
could have an implied impact on the integrity of the First Draft EA. The First Draft EA 
analyzes the potential impacts of known reasonably foreseeable compliance responses for 
methane reduction, which are expected to be similar in both regulatory and non-regulatory 
contexts. The comment asserts that the design of the 2022 Scoping Plan will lead to herd 
expansion and additional resultant environmental impacts. Established facility consolidation 
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and animal population decline trends do not support this assertion. CARB’s SB 1383 analysis 
discusses the industry factors and trends that show a likely continuing livestock herd 
population decrease into the future.100  


The remainder of this comment does not raise significant dairy and livestock specific 
environmental issues related to the First Draft EA, nor does it otherwise address the 
accuracy, adequacy, or completeness of the First Draft EA for this sector. Therefore, no dairy 
and livestock specific changes to the First Draft EA are required in response to this comment. 
Please also refer to response to comment 177-6. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H212 


6/24/2022 Frank Harris, California Municipal Utilities Association 


H212-1: The commenter states, “what the California Public Utilities Commission has deemed 
an affordability crisis.1 Grid reliability and stability will be critical to continued growth of the 
economy and well-being of all Californians. Electricity reliability will also be an important 
factor in ongoing public support for California’s decarbonization goals. As highlighted 
throughout the development of the Draft SPU, electrification is a key strategy for 
decarbonizing the state’s economy. All four alternatives addressed in the Draft SPU include 
significant increases in electricity demand as multiple sectors of the economy decarbonize by 
electrifying buildings, transportation, and industrial processes and reducing reliance on fossil 
fuels. The success of this strategy will depend on maintaining essential public services, 
including reliable and affordable electric, water, and waste water services, and continuing to 
foster job and economic opportunities throughout the state.” 


Response: Please refer to response to comment 574-1  


H212-2: The commenter states, “The Draft SPU specifically notes that ensuring reliability of a 
decarbonized grid is a critical need for the state, (see p. 224.) and acknowledges the 
necessity of exploring options for meeting reliability needs. However, the Draft SPU does not 
include a reliability assessment for any of the studied scenarios, including the proposed 
scenario, nor does the Draft SPU acknowledge that reliability assessments have not yet been 
completed for the SB 100 resources portfolios that underpin each of the four carbon 
neutrality alternatives. While hydroelectric generation is a valuable source of clean 
generation, in the face of the ongoing draught in the west, a reliability assessment is further 


 
100 See, e.g., CARB Analysis of Progress Toward Achieving the 2030 Dairy and Livestock Sector Methane 
Emissions Target (March 2022) at 10-11. Available at https://ww2.arb.ca.gov/sites/default/files/2022-03/final-
dairy-livestock-SB1383-analysis.pdf.  



https://ww2.arb.ca.gov/sites/default/files/2022-03/final-dairy-livestock-SB1383-analysis.pdf

https://ww2.arb.ca.gov/sites/default/files/2022-03/final-dairy-livestock-SB1383-analysis.pdf
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warranted. Without addressing reliability risks, the SPU cannot serve its primary function as a 
comprehensive, statewide roadmap to meeting our decarbonization goals.” 


Response: Please refer to response to comment 574-1 


H212-3: The commenter states, “Like ensuring reliability, affordability of electricity must be a 
priority element of the SPU. The Legislative Analyst’s Office (LAO) has warned that “High 
electric rates discourage adoption of some technologies — such as electric vehicles and 
electric appliances — that could be used to substantially reduce statewide GHGs.”2 The LAO 
report also concluded that policies that result in increased cost burden on electricity 
consumers could stifle California’s electrification and clean energy goals. An implementable 
path to carbon neutrality must recognize and mitigate any adverse impacts on electricity 
affordability and electric grid reliability; to do so, the SPU must include a comprehensive 
assessment of how the proposed scenario impacts both.” 


Response: Please refer to response to comment 574-1 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H217 


6/24/2022 Madlen Saddik 


H217-1: The commenter states, “For many years, California’s legislature and its three most 
recent governors have espoused the goal of making California a global leader in achieving 
GHG reductions in ways that benefit rather than harm California’s citizens, its businesses and 
its economy. California will not meet this goal if CARB continues to ignore the extra-
jurisdictional implications of its regulatory actions. The Update shows that CARB continues to 
view its legislative directive myopically and without regard to California’s relative position 
both nationally and worldwide. 


CARB’s general failure in this regard can best be understood by examining two particular 
shortcomings in CARB’s analyses put forth in the Update. The first is the fact that the Update 
analysis is limited to only those activities that take place physically within California’s borders 
(excepting only the production of electricity imported into the state for in-state consumption) 
when considering the GHG impacts of citizens’ lives and industry throughout California. (See 
Update, p. 34.) Any and all other activity which is located and transpires in any other 
relatively GHG-intensive state or nation is ignored in CARB’s analyses. As a consequence, 
CARB’s approach is to impose increasingly on activities and industry occurring in 
California in ways that cause the actors and industries to either move or keep their 
operations outside of California (i.e., to move or keep all such activities in other states 
and nations, which in most cases leads to more harmful GHG impacts). 
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An example is CARB’s proposed regulation of cement production within California. Whereas 
CARB proposes an eventual standard of GHG neutrality on such in-state cement production 
irrespective of the costs, CARB blindly welcomes the importation of cement into California 
even though it may be produced in Asia using the worst possible GHG causing production 
methods. From CARB’s point of view, it does not matter if the cement produced in California 
was already the world’s most GHG efficient cement. If GHG-intensive imported cement could 
be moved about within California to its ultimate destination by means of a GHG-free vehicle, 
then CARB will assume that such imported cement has no GHG associated with its 
production, application and consumption in California. 


Because CARB ignores extra-jurisdictional GHG emissions (except from electricity 
production), CARB’s approach is irrational in relation to the State’s legitimate governmental 
interest in reducing GHG and its worldwide impacts. In other words, CARB has chosen to 
make intra-state GHG betterment the direct enemy of global GHG betterment – even 
though global climate change caused by GHG is unarguably a global problem that can best 
be addressed only when it is considered at a global scale.” 


Response: Please refer to response to comment 639-1. 


H217-2: The commenter states, “First, CARB proposes policy changes under the California 
Environmental Quality Act (“CEQA”), which requires deciding agencies (usually local 
governments) to study impacts and impose mitigation requirements when approving projects 
and land use plans. CARB’s CEQA proposals would strongly disfavor all but relatively high-
density (e.g., at least 20 units per acre), central urban, mass transit-oriented development 
and redevelopment. The aim and effect of such policies is to disfavor, prejudice and relatively 
burden all other types of development (lower density communities and redevelopment 
projects, suburban development, “edge” development, “new towns,” and the like). (See 
Update pp. 195-206 and Appendices D and F.). Some of CARB’s recommended CEQA 
changes have nothing to do with air quality and GHG (i.e., within CARB’s purview and 
relative expertise), such as CARB’s proposed CEQA exemption for projects that contain at 
least 20% subsidized housing and meet certain labor standards. Although BizFed’s members 
have long advocated for CEQA reform, CARB should not be championing CEQA reform that 
would undercut local governments’ prerogatives and disfavor many reasonable types of 
development which are (i) needed in substantially greater quantity, (ii) most affordable, and 
(iii) popular with California’s consumers.” 


Response: The comment is directed toward the contents of the 2022 Scoping Plan and does 
not raise an issue related to the adequacy, accuracy, or completeness of the Draft EA. 
Nevertheless, CARB staff notes that the 2022 Scoping Plan and Local Actions Appendix D 
indicates the key attributes that help to meet the goal of reducing VMT, as evidence shows 
that infill and transit-supportive development supported by other attributes listed in the 
Local Actions Appendix D can reduce VMT via less trips and shorter trip lengths. Language 
has been added to the last paragraph under heading "Project Attributes for Residential 
Projects that Reduce GHGs" in Section 3.2 of Appendix D to indicate the project attributes 
may not be applicable to all residential and mixed-use projects. In addition, CARB will 
continue to explore additional project attributes, as appropriate. 
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Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H220 


6/24/2022 Karl Aldinger 


H220-1: The commenter states, “This scoping plan intentionally ignores Life Cycle 
Assessment to avoid double counting of emissions. 


This is a very dangerous methodology that allows long range, luxury cars SUVs and trucks to 
be called zero emissions. The very significant impact of EVs, will largely be from materials 
mining and production emissions.  


According to Volvo’s own Impact report its electric C40 Recharge still has 27 tons of 
emissions even if it is always charged with 100% renewable energy. But those embodied 
emissions occur elsewhere, so CARB has been and will continue to label EVs erroneously as 
zero emissions. Reducing emissions by only 54% with EVs is not what any of us expected. 


That model is completely unsustainable in 2050 under zero carbon. We cannot ignore the 
impacts a constantly replaced EV fleet will continually demand, perpetually.” 


Response: Please refer to response to comment 356-4 for a discussion about embedded 
carbon in products, also known as life-cycle emissions.  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H236 


6/24/2022 Jennifer Hernandez 


H236-1: The commenter states, “1. The Draft Scoping Plan includes scores of "Measures" 
and "Actions" which collectively comprise the Scoping Plan, each and all of which are 
expressly acknowledged to be the discretionary agency action by CARB that comprises the 
whole of the Scoping Plan "project" required to be evaluated under the California 
Environmental Quality Act.” 


Response: The comment provides a statement regarding the 2022 Scoping Plan and its 
measures and actions comprise the project, which is required to be evaluated under CEQA. 
The First Draft EA adequately addresses the whole of the action in a programmatic fashion, 
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including the reasonably foreseeable compliance responses associated with implementation 
of the 2022 Scoping Plan. No changes to the First Draft EA are required in response to this 
comment. 


H236-2: The commenter states: “the Scoping Plan requires that Vehicle Miles Travelled 
("VMT") be reduced 22% (actually revealed in Appendix C and other documents as 30%), 
even though CARB also mandates the transition to electric passenger vehicles (among other 
measures). The Scoping Plan acknowledges that all prior VMT reduction measures have failed 
(including the 2017 Scoping Plan's 15% reduction mandate, and VMT reduction targets 
established under SB 375 in regional transportation plans and sustainable communities 
strategies). The Scoping Plan further acknowledges that VMT continued to increase until the 
pandemic and has since largely rebounded to pre-pandemic levels. Although VMT reduction 
mandates had failed and, as the Scoping Plan also acknowledges, VMT deficiencies are a 
potent anti-housing tool used in two-thirds of anti-housing CEQA lawsuits, and despite the 
fact that CARB's files are replete with VMT mitigation fee schemes imposed under CEQA to 
add tens of thousands to more than a million dollars in fees for each new home or apartment 
located more than 0.5 miles away from a high frequency bus stop or train station, the 
Scoping Plan nevertheless doubles the mandated statewide VMT reduction measure from 
15% to 30%.” 


Response: The comment provides an opinion regarding the increased VMT reduction 
measures suggesting that VMT reduction mandates represent an anti-housing tool used in 
CEQA lawsuits which increase fees for new homes located outside of transit rich areas. The 
comment does not raise an issue related to the adequacy, accuracy, or completeness of the 
Draft EA and no further response is required. CARB strongly disagrees with these comments, 
which have been misleadingly levied by this commenter in multiple venues. CARB notes in 
particular that there is no VMT reduction mandate in the 2022 Scoping Plan; as described in 
the EA, the VMT-related provisions provide guidance to other state agencies with authority 
over land use development. Furthermore, there is no such thing as a CARB-developed “VMT 
mitigation fee scheme imposed under CEQA”, or any other fee component in the Scoping 
Plan relating to VMT. No changes to the First Draft EA are required in response to this letter. 


H236-3: The commenter states, “5. Housing Measures. The Scoping Plan also includes 
dozens of measures prescribing where and what type of housing should be built in the future, 
ranging from (a) expert agency conclusions that translate directly into increasing the 
weaponization of CEQA lawsuits against housing that does not, for example, result in a 
minimum 30% reduction in per capita VMT to (b) outright prohibitions of housing on "natural 
and working lands" and costly new restrictions on producing even housing that complies with 
existing and approved General Plan Housing Elements, SB 375 Sustainable Communities 
Strategies, local Community and Specific Plans, and actual housing projects. The Scoping 
Plan's anti-housing measures are the subject of a pending lawsuit on the 2017 Scoping Plan 
filed by our clients the Two Hundred, and each paragraph of the petition filed in that lawsuit 
- with all factual assertions of the racially disparate harms caused by the 2017 Scoping Plan 
supported by hundreds of detailed citations - are all well known by CARB, but ignored in the 
Scoping Plan. That pending Petition is formally submitted as a comment to the Draft 2022 
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Scoping Plan, and constitute additional comments on the even more radical and costly new 
anti-housing components VMT reduction mandate and transit-dependent higher density 
housing prescriptions in the Draft Scoping Plan.” 


Response: The comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the First Draft EA. CARB disagrees with many of the commenter’s 
characterizations, which are inaccurate. Commenter’s petition related to the 2017 Scoping 
Plan update is not a comment on the 2022 Scoping Plan. The 2022 Scoping Plan does not, 
and cannot, mandate where, how much, and what type of housing is built in the state. The 
2022 Scoping Plan neither requires any particular type of development pattern, nor 
establishes specific SB 375 targets, nor approves or disapproves any development project. It 
does not require new housing be associated with high frequency transit areas, nor does it 
prohibit housing in locations that lack high frequency transit options. Instead, Appendix E of 
the 2022 Scoping Plan describes the need for “inclusive urban, suburban, and rural 
communities throughout the many regions of California” (Appx. E, p. 3), and to “accelerate 
production of a greater diversity of housing types in climate-smart locations,” referencing the 
Statewide Housing Plan (under the Strategy Area 4 heading). Also see Master Response 1. 


California currently faces both a housing and a climate crisis, and the 2022 Scoping Plan and 
Appendix E describe a suite of objectives and actions that could help to address the housing 
crisis and the climate crisis simultaneously. Appendix E describes the need to address two of 
California’s greatest challenges: meeting climate goals and “building more inclusive and 
equitable places that prioritize providing low-income and Black, Indigenous, and People of 
Color (BIPOC) communities all the necessary opportunities to thrive and repairing the harms 
caused by decades of discriminatory transportation, land use, and housing policies and 
practices to people of low-income and BIPOC communities” (Appx. E, p. 3). Section 2.3 and 
Section 2.4 of Appendix E address how moving away from transportation and land use 
patterns that have marginalized and divided communities would ease inequitable burdens on 
California’s low-income and BIPOC communities and outline how reducing the need to drive 
can reduce financial burdens, and provide better access to opportunities and greater 
economic efficiency for these communities. These sections also speak to the need for shifting 
California’s development patterns to achieve the goal of “making livable, affordable homes 
with multi-modal connections to jobs, services, open space, and education available to all 
Californians, not just the white and the wealthy” (p. E-6). Additionally, Appendix E identifies 
actions such as accelerating, preserving, and protecting affordable housing and delivering 
equitable improvements in accessibility for vulnerable communities. The 2022 Scoping Plan 
articulates the current state of greenhouse gas emissions data and describes the importance 
of careful analysis of greenhouse gas impacts, consistent with governing law. No further 
analysis of particular project impacts is required, as these are beyond CARB’s jurisdiction, 
and would be entirely speculative. No changes to the Draft EA are required in response to 
this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
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therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H246 


6/24/2022 Jeanne Armstrong, Solar Energy Industries Association 


H246-1: The commenter states, “Reliance on a plan which puts a high degree of faith in 
unproven technologies, and which fails to include the energy and land needed to power 
those technologies, places the state’s climate goals at risk and is the antithesis of the 
Governor’s request that those goals be accelerated. Instead of rolling the dice and hoping 
that direct carbon removal in the later years will be successful, CARB should instead focus on 
directing emissions reductions through retiring fossil fuel power plants, transitioning away 
from polluting fuels, replacing internal combustion engines with Zero Emission Vehicles, and 
building out the zero emission and distributed energy resources that will reduce emissions 
immediately and permanently.” 


Response: The 2022 Scoping Plan calls for an ambitious deployment of clean technology 
such as 37 times more ZEVs, 6 times more electric appliances, 1700 times more renewable 
hydrogen, and 4 times more installed wind and solar generation capacity. This dramatic 
dependence and call for clean technology and energy aligns with the commenters request.  


The PATHWAYS model calculates annual energy demand by fuel type and sector and 
accounts for the energy needed to support carbon capture and storage (CCS) at facilities 
(see also response to comment 369-2). The energy required for carbon dioxide removal 
(CDR) via direct air capture (DAC) was assumed to be provided by off-grid solar for 
consistency with the carbon neutrality target. The reasonably foreseeable compliance 
responses associated with the project’s mechanical CDR and CCS actions are provided in the 
First Draft EA in the second paragraph on page 21; impacts to energy from the project are 
discussed in the First Draft EA in first and second paragraphs on page 108. With respect to 
land use impacts, the First Draft EA at Section 11.a discusses new development that includes 
DAC and other CCS projects and discloses that environmental effects (e.g., agriculture and 
forestry resources, biological resources, geology and soils, hydrology and water quality) 
associated with land use changes would be potentially significant and therefore land use 
impacts would be potentially significant. Note also that Alternative A in the First Draft EA 
explores an alternative scenario involving nearly complete phaseout of all combustion. The 
remainder of this comment does not address the adequacy, accuracy, or completeness of the 
First Draft EA and no changes to the First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter H262 


6/24/2022 Muriel Strand 


H262-1: The commenter states, “CEQA and I have been acquainted for about 3 decades. 
Hearing during today's insightful discussion that today was the deadline to comment on the 
CEQA analysis of the scoping plan, I have a couple of thoughts to share even though I have 
not looked at one word of this CEQA analysis. 


Considering all the political angst surrounding CEQA processes over the years, and our 
history of fossil fuel addiction... 


This chapter of history starts with industries using fossil fuels to facilitate various projects for 
profit and comfort, using them in ways that are at best inconsistent and at worse outright 
very harmful to the natural biological world. The results prompt various regulations 
attempting to rein in and compensate for the side effects of these various profitable projects, 
and now we are in a situation where our economy is covered with hundreds of bandaids. 


So it's not surprising we have not been making much progress towards various environmental 
goals. To the extent that this CEQA analysis assumes we will continue with the same 
industrial and commercial processes as were developed with the parameter of cheap fossil 
fuel energy, it is not including the most effective and sensible possible choice and path of 
action. 


Our situation is analogous to that of a fat man with a closet full of beautiful clothes, fine 
fabrics from every continent and fiber, exquisitely tailored and accessorized, an outfit for 
every occasion, etc., that this man is very very fond of. But for his health, he has slimmed 
down, and now his clothes are far too big. But he loves them just the same. 


So he must choose between wearing his beautiful clothes that fit him like a glove, that he has 
devoted much time and energy to acquiring, by wearing many layers underneath, or 
balloons, or something like a theatrical 'fat suit.' 


Or he can bite the bullet and get some new clothes.” 


Response: The comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the First Draft EA and no further response is required. No changes to the 
First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter H263 


6/24/2022 Danny Cullenward, CarbonPlan 


H263-1: The commenter states, “CARB also made a fundamental modeling error in its 
treatment of land-sector emissions. In each of the four scenarios in the draft plan, the sum of 
projected 2045 emissions and carbon removal is 15 million tCO₂e per year because CARB 
assumed the natural and working lands (NWL) sector will be a carbon sink. In contrast, the 
actual draft scoping plan indicates that CARB expects the NWL sector to be a net carbon 
source, resulting in an average of 8 million tCO₂e per year in emissions. As a result of this 
error, none of the scenarios reaches net-zero emissions. All are off by about 23 million tCO₂e 
per year. 


Some context is in order, as this issue touches on work my colleagues and I have been doing 
for a few years. Those who follow CarbonPlan’s work know we’ve taken a particular interest 
in how to think about the permanence of forest carbon storage. For example, we recently 
explored options for integrating highly variable emissions from the forest sector into 
California’s greenhouse gas inventory. So I was curious to see how the draft scoping plan, 
which promised to include forest emissions as well as forest carbon sequestration, would 
address this topic. 


Although advocates have widely promoted forests’ ability to store large amounts of carbon, 
growing threats to forest carbon permanence are challenging the viability of that strategy. 
Those of us who lived through the 2020 and 2021 wildfire seasons in the American West 
know that no one should bank on forest carbon as a justification for ongoing fossil fuel 
emissions, even as we double down on efforts to protect and conserve forests for their 
climate, environmental, and cultural values. To CARB’s credit, the 2022 Scoping Plan is 
directed toward growing scientific evidence that forests in the American West are likely to be 
a net source of emissions, rather than a sink. Page 72 of the draft indicates that CARB 
expects emissions of about 8 million tCO₂e per year from 2025 through 2045. 


But when I went to look at the technical modeling spreadsheet, I couldn’t tell where these 
numbers were reflected — and in the course of exploring this issue, also noticed that every 
one of CARB’s four scenarios resulted in a net 15 million tCO₂e emissions source in 2045. 
Shouldn’t a net-zero scenario produce net-zero emissions?” 


Response: This comment does not address the adequacy, accuracy, or completeness of the 
First Draft EA and no changes to the First Draft EA are required in response to this comment. 
Nevertheless, for purposes of transparency, CARB responds as follows: 


The 2022 Scoping Plan includes results from two distinct modeling efforts and Proposed 
Scenarios from each effort: AB 32 GHG Inventory Sectors and NWL Sector. For the 2022 
Scoping Plan, the PATHWAYS modeling of the AB 32 GHG Inventory Sectors was conducted 
prior to completion of the NWL analysis and the NWL sector was assumed to sequester 15 
MMT CO2e per year in the PATHWAYS modeling (see footnote 165 in Chapter 3 of the Draft 
2022 Scoping Plan). The Scoping Plan Scenario combines results from the AB 32 GHG 
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Inventory Sector and NWL Sector modeling such that the Scoping Plan Scenario reaches net-
zero emissions. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H269 


6/24/2022 Douglas Carstens 


H269-1: The commenter states, “B. Passive Conformity with the Scoping Plan Does Not 
Suffice to Support a Finding of No Significant Impact From a Project. 


It is of critical importance both that the Scoping Plan be clear about the role of local 
governments in reducing GHG emissions, and that it define with particularity what types of 
local actions are and are not consistent/compliant with the Scoping Plan. CARB and other 
state agencies, such as the Office of Planning and Research, should provide greater 
incentives and guidance to localities to adopt local Climate Action Plans (CAPs), and to make 
them as strong as possible. Appendix D observes that “[w]hile [climate action plans] have 
become an important avenue for climate action at the local level, 47 percent of California 
cities and counties have no known [climate action plan].” (Appdx. D, p. 3.) Even when local 
governments do adopt CAPs, those CAPs are not necessarily adequate. A draft report 
prepared by the University of California at San Diego’s School of Global Policy and Strategy2 
examined all CAPs in San Diego County, and found that even if the current CAPs were all 
carried out to the letter and worked as intended, they would reduce GHGs over the 
state/federal reductions by only about an additional 2 MMTCO2e per year by 2035. This 
woefully inadequate reduction demonstrates the limits of current CAPs to meet California’s 
climate goals. 


Nor is the existence or absence of local CAPs the only problem. Some local governments 
attempt to use partial “consistency” with the Scoping Plan for adequate GHG impact 
mitigation. Our firm sees many CEQA documents that interpret CEQA Guidelines section 
15064.4, subdivision (b)(3)’s provision that consistency with “a statewide, regional, or local 
plan for the reduction or mitigation of greenhouse gas emissions” may support a finding that 
a proposed local development project will have no significant impact on climate change to 
claim that projects will have no significant climate impacts because they are supposedly 
“consistent” with the statewide Scoping Plan. In making such findings, we regularly see EIRs 
that regard passive “compliance” with such Scoping Plan provisions as the state vehicle 
emissions standards and the Cap and Trade program – regulations and programs over which 
no local development project has any control and which no local development project can 
legally violate - as satisfying CEQA Guidelines section 15064.4. Under this reasoning, virtually 
any local development project could be asserted to have no significant adverse impact on 
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climate change, and we see that claim made for many projects that will emit large amounts of 
GHGs over their useful lives.  


The California Supreme Court addressed this problem to some extent in Center for 
Biological Diversity v. Dept. of Fish and Wildlife (2015) 62 Cal.4th 204, 225, where our high 
court found that consistency of a project’s GHG emissions percentage reductions over 
business as usual with the percentage of GHG emissions reductions required by the then-
current Scoping plan was not sufficient to show no significant impact by the Newhall Ranch 
project on climate change. However, the arguments currently being made are different, and 
require a different response. The Appendix does state that “it would not be appropriate to 
rely upon the State’s Cap-and-Trade Regulation as a reason not to provide appropriate GHG 
analysis and, if needed, mitigation, for local development projects” (Appdx. D, p. 19). 
However, CARB should go farther, and should state clearly that mere involuntary, passive 
compliance with state programs relied on in the Scoping Plan is not sufficient. A project must 
show that a project would have no significant impact on GHG emissions and the state’s 
climate goals through full analysis of local emissions, comparison to any local climate action 
plan, and assessment of the project’s impact on state climate goals and its contribution to 
cumulative climate change impacts. Mitigation must be required where there is a significant 
impact. 


2  “San Diego Regional Decarbonization Framework,” Available at 
https://www.sandiegocounty.gov/content/dam/sdc/lueg/regional-decarb-
frameworkfiles/RDF%20First%20Draft%20CompleteOct28.pdf; last visited 6/22/22. The 
study report is marked Draft, Not for Citation, so individual page numbers are not 
provided here.” 


Response: The comment indicates that CARB declines to render an opinion on the 
effectiveness of a particular CAP to achieve GHG reductions. The Appendix discusses various 
efforts that local agencies undertake to reduce GHG emissions, whether through a CAP or an 
alternative approach, and recognizes that CAPs, as a whole, have not achieved the level of 
reductions expected over time. Language has been revised in Appendix D to acknowledge 
CAP successes and shortcomings. The comment indicates many projects do not adequately 
evaluate compliance with CEQA Guidelines Section 15064.4(b)(3) for consistency with “a 
statewide, regional, or local plan for the reduction or mitigation of greenhouse gas 
emissions” (i.e., Scoping Plan consistency analysis) because they use consistency with state 
vehicle emissions standards or the Cap and Trade program as mechanism for finding a less 
than significant GHG impact. The comment further indicates the 2022 Scoping Plan should 
be updated to indicate a project must show that a project would have no significant impact 
on GHG emissions and the state’s climate goals through full analysis of local emissions, 
comparison to any local climate action plan, and assessment of the project’s impact on state 
climate goals.  


CARB agrees that passive consistency with state regulatory programs is not adequate to 
address a project’s significant GHG emissions. Language has been revised in Section 3.2 of 
Appendix D to help address potential use of incorrect application of compliance with 
regulations for determining Scoping Plan consistency. Appendix D of the 2022 Scoping Plan 
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notes that, in addition to the current climate crisis, California also faces a severe housing 
shortage and that the housing crisis and climate crisis must be faced simultaneously in a 
manner where housing policies must be designed to address climate and climate policies 
must be designed to advance housing. Consequently, Section 3.2.1, Project Attributes for 
Residential and Mixed-Use Projects to Qualitatively Determine Consistency with the Scoping 
Plan, of Appendix D identifies a qualitative approach. In addition, CARB staff notes that 
residential development that incorporates all of the “project attributes” identified in Section 
3.2.1 of the appendix, which are critical to meeting the State’s climate goals, would be 
clearly consistent with the State’s climate and housing goals and have a less-than-significant 
GHG impact under CEQA and address the significant sources of project-related emissions.  


H269-2: The commenter states, “C. GHG Offsets From Unregulated Private Registries Do 
Not Meet Applicable Standards for Enforceability. 


As counsel for the Sierra Club, a co-plaintiff in Golden Door, et al. v. County of San Diego 
(2020) 50 Cal.App.5th 467, cited at page 18, note 56 of Appendix D, we find the Appendix’s 
treatment of carbon offset registries deeply disturbing. The Appendix states that use of 
voluntary GHG offsets from “reputable” offset registries “may be appropriate” when on-site 
and other off-site GHG reductions have already been required. (Appdx. D, p. 17.) While the 
Appendix notes the Golden Door court’s analysis that the offsets claimed by the project in 
that case were not shown to be real, additional, quantifiable, permanent, verifiable and 
enforceable when evaluated “using the requirements for offsets under the State’s Cap-and-
Trade Program as a proxy for evaluating enforceability under CEQA” (Appdx. D, note 56), 
the Appendix does not propose any method of ensuring that private registry credits not 
issued by CARB are fully enforceable.3 The Appendix should note that registries – including 
reputable ones - are not subject to regulation by CARB outside of their participation in the 
Cap and Trade program or, as far as we are aware, by any other governmental agency. 
Rather, use of these registries outside the Cap and Trade program seems to rely on the 
honor system; their offsets cannot be presumed to be real, additional, quantifiable, 
permanent, verifiable and enforceable, per the Golden Door analysis. The Appendix should 
forthrightly acknowledge and address this critical problem.  


The Appendix recommends that local agencies emphasize GHG reduction measures that are 
“additional”, i.e., not required by any other law, regulation, or program. (Appdx. D, p.19.) 
While this approach is promising, there is no reason to think, nor does the Appendix attempt 
to show, that such credits will or could be sufficient to allow all projects with significant 
potential to emit significant GHGs to get to net-zero, as the Appendix advocates. 
Alternatively, CARB or another agency should undertake to ensure the integrity of private 
GHG offsets, either by regulating carbon offset registries or some other equally reliable 
method. The climate change situation is too dire to do otherwise.  


We are also very concerned that the Appendix appears to indirectly endorse the use of 
offsets developed and occurring outside the United States. (Appdx. D, pp. 15, 20.) Although 
the Appendix makes clear the superiority of local offsets that can also reduce conventional 
pollutants and generate local jobs, it appears to condone the use of “international offsets.” 
(Appdx. D, p., 15.) As difficult as it is to verify the full enforceability of offsets within California 
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and within the United States, we do not see, nor does the Appendix identify, any existing 
mechanisms that could ensure such enforceability outside the U.S. We urge CARB to make 
this clear, and to make clear that it is not endorsing international offsets unless clearly proven 
to meet the test of being real, additional, quantifiable, permanent, verifiable and 
enforceable.  


3  See discussion of registries at https://ww2.arb.ca.gov/news/air-resources-board-sets-
stage-carbon-offset-projects; visited 6/23/22.” 


Response: The CEQA Guidelines explicitly allow offsets that are not otherwise required as 
mitigation under CEQA per Cal. Code of Regs., tit. 14, § 15126.4 (c)(3). The guidance found 
in Appendix D Section 4.1.3, Conditions Applicable to Carbon Offset Credits, and Section 
4.2, Clarifying CEQA’s Requirements for GHG Mitigation, establish the criteria for carbon 
offset credits used for CEQA purposes. Section 4.1.3 of Appendix D clarifies that carbon 
offset credits used for CEQA purposes should be “registered with a recognized and 
reputable carbon registry on the voluntary market”. While “CARB does not review or 
authorize voluntary-market offset registries or protocols for use as CEQA mitigation, CARB 
notes that the registries approved by CARB for the Cap-and-Trade Program also serve as 
voluntary market credit registries, with voluntary market offsets available for CEQA 
mitigation purposes.” This section also notes that, per SB 27 (2021), CNRA will maintain the 
California Carbon Sequestration and Climate Resiliency Project Registry of projects in the 
state that can serve as another source of local mitigation. Section 4.2 of Appendix D clarifies 
that CEQA requires that mitigation, including offsets, must not be otherwise required by 
regulation or by existing permitted CEQA projects (CEQA Guidelines §15126.4(c)(3)). Offsets 
consistent with both Sections 4.1.3 and 4.2 of Appendix D help to ensure the offset criteria 
discussed in the Golden Door decision are met. Language has been revised in Section 4 of 
Appendix D to clarify the GHG mitigation hierarchy (including geography) recommended by 
CARB, the use of carbon offset credits for CEQA purposes, and requirements of CEQA 
mitigation to further inform the use of on-site, offsite, and offsets mitigation for CEQA 
purposes. 


H269-3: The commenter states, “D. CEQA and the CEQA Process Are Not Responsible for 
Blocking Urban Infill Housing, and the Draft Scoping Plan Should Remove Language 
Suggesting That They Are. 


We object strongly to the Appendix’s attempt to characterize CEQA and the CEQA process 
as blocking increased infill housing density, at pages 12-13. Blaming CEQA’s requirements 
for California’s housing shortage crisis is inaccurate and factually unsupported. Further, it is 
not clear why CARB chose to use the term “abusive litigation” in Appendix D, while 
simultaneously admitting that only about 3% of projects studied in the two reports cited by 
Appendix D were subject to CEQA challenges; the numbers show that such litigation is rare.4  


The Appendix appears to base conclusions that CEQA and the consideration of GHG issues 
under CEQA are a significant and unwarranted barrier to the construction of new housing on 
research done for CARB that studied barriers to infill housing. This research does not support 
blaming CEQA for blocking infill housing development. The “Final Report: Examining 
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Entitlement in California to Inform Policy and Process”5 (“O’Neill 2022”)6 examined data for 
four cities in the greater Los Angeles area. (O’Neill 2022, Exec. Summary.) The study states in 
its Results section that “Our work suggests that the chief regulatory contributor to 
California’s housing crisis is local governments hindering dense housing via zoning and 
development approval processes”, not CEQA requirements or litigation. (O’Neill 2022, p. 
10.) Further, as the Appendix concedes, the O’Neill work found that only about 3% of 
projects in the cities studied were subject to CEQA suits (Ibid., p. 10); the Appendix also 
concedes that two thirds of those suits, i.e., only 2% of the projects in the studied area, 
raised GHG or VMT issues (Appdx. D, p. 7), hardly a flood of litigation.7 The O’Neill 2022 
paper also states that there was “no meaningful difference between rates of litigation for 
urban or exurban development” (O’Neill 2022, p. 10), putting the lie to any claim that CEQA 
suits are disproportionately aimed at blocking urban infill housing. The paper also examined 
whether litigation focused solely on CEQA claims or also involved other alleged illegalities; it 
concluded that “when litigation occurs, CEQA claims are common—but that most lawsuits 
(almost 3 out of 4) could proceed even if the plaintiff or petitioner could not bring a claim 
under CEQA.” (Ibid., p. 82.) This reduces almost to vanishing point the percentage of cases 
that rely solely on CEQA claims.  


We would also refer CARB to the study done by The Rose Foundation for Community and 
the Environment, CEQA: California’s Living Environmental Law - CEQA’s Role in Housing, 
Environmental Justice & Climate Change” (2021 [“CEQA: California’s Living Environmental 
Law Report”]).8 This study painstakingly examined CEQA litigation in various cities and 
counties around California, compiled data on rates of CEQA litigation and on numbers of 
projects in these jurisdictions, and concluded that the rate of litigation challenging projects 
on CEQA grounds during the period 2013 to 2019 was only 2%. (CEQA: California’s Living 
Environmental Law Report at pp. 20-22.) The study also examines the data in the two O’Neill 
studies relied on in Appendix D, pointing out that:  


The key finding of the Berkeley Law Working Papers is that while streamlined CEQA 
review is often used for housing projects, each city also relies on other mechanisms 
and regulations for its review of discretionary land use entitlements, and that these 
non-CEQA review processes largely determine the time frame for project approvals. 
The researchers thus find that different, non-CEQA land use entitlement processes 
across the cities —or sometimes uneven interpretations of the same regulation, such 
as design review, within a city —are the main cause of project delay. Accordingly, the 
study concludes that CEQA review is not a primary obstacle to project approvals. 


(CEQA: California’s Living Environmental Law Report, p. 25.) The study also examined several 
other surveys of CEQA litigation that found very low rates of CEQA litigation. (Ibid, pp. 23-
25.)9 


In addition, the Appendix recognizes the ability of the CEQA process – including, at times, 
litigation – to produce excellent results for the environment. Such results include the 
examples of net-zero GHG emissions commitments cited by the Appendix that were the 
direct or indirect result of CEQA litigation, including the Newhall Ranch settlement and Tejon 
Ranch’s Centennial Specific Plan. (Appdx. D, pp. 12-13.) These net-zero projects are now 
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urged by Appendix D as models that other projects can emulate. The litigation that resulted 
in their design was clearly not “abusive,” and it is irresponsible for CARB to use such 
unwarranted, unsupported, and inflammatory language. Similarly, use of the derogatory term 
“NIMBY” (Appdx. D, p. 8) is both unprofessional and unbecoming of a state agency. We 
urge CARB to reexamine Appendix D’s terminology and its implicit view about CEQA. 


4  Even more rare is the number of projects litigated under CEQA that were litigated on 
GHG or VMT issues, which was only 2% of the total (2/3 of the 3% of litigated projects 
[Appdx. D at p. 7). 


5  Available at https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3956250; visited 
6/22/22.  


6  Appendix D cites to two O’Neill, et al, papers; we cite to the final report.  
7  Confirming the O’Neill et al. conclusions, the study noted that “a 2016 report from BAE 


Economics, found low rates of ; last visited 6/24/22litigation and infrequent use of EIRs.” 
(Ibid., p. 33.) 


8  Available at https://rosefdn.org/wp-content/uploads/CEQA-California_s-Living-
Environmental-Law-10-25-21.pdf; last visited 6/24/22. 


9  “CEQA: California’s Living Environmental Law” characterizes the Holland and Knight 
papers and their attacks on CEQA as “extreme outliers” in the literature on this subject. 
(op. cit., p. 27.)” 


Response: The comment objects to Appendix D discussion that the commenter says 
inaccurately suggests that CEQA and the CEQA process may be a barrier to housing. The 
comment is directed toward the contents of Appendix D of the 2022 Scoping Plan and does 
not raise an issue related to the adequacy, accuracy, or completeness of the Draft EA. The 
comments are noted and are being provided to the Board members for their consideration. 
Nevertheless, language has been updated in Section 3 of revised Appendix D to provide 
further context on the practice of using the land use review process, which includes CEQA 
and litigation, to object to housing projects.  


The comment objects to the use of the term “NIMBY” (an acronym for the phrase “not in my 
backyard” used to refer to opposition to local development) in Appendix D. Appendix D has 
been revised to no longer use the term “NIMBY.” 


H269-4: The commenter states, “E. Appendix D Does Not Address Curbing GHG 
Emissions Caused by Wildfires 


CARB has reported in “Wildfire Emissions Estimates for 2020”10, its estimate that 106.7 
million metric tonnes of carbon dioxide (MMTCO2) were released into the atmosphere 
during California wildfires in 2020 (a very high fire year). Despite the huge amounts of carbon 
dioxide released during wildfires, and despite the frightening increase in wildfires over the 
last decade, Appendix D does not address the subject of wildfire-caused GHG emissions and 
their impacts. Since the Environmental Assessment (EA) for the draft Scoping Plan recognizes 
that local agencies have the responsibility for requiring project-level wildfire-avoidance and 
mitigation measures (Appdx. B, p. 229), the Draft Scoping Plan must set out and discuss 
methods by which local agencies can most effectively discharge that responsibility. Such 



https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3956250

https://rosefdn.org/wp-content/uploads/CEQA-California_s-Living-Environmental-Law-10-25-21.pdf

https://rosefdn.org/wp-content/uploads/CEQA-California_s-Living-Environmental-Law-10-25-21.pdf
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methods should include the use of local planning and zoning powers to control human 
intrusion into wild areas and requirements for property management and upkeep that 
minimize the likelihood of fires beginning. We believe that restricting or avoiding sprawl into 
identified and potential wildfire high-risk areas should be included in the minimum measures 
that are compatible with the Scoping Plan. 


10  At p. 1. Report available at https://ww2.arb.ca.gov/wildfire-emissions; visited 6/22/22.” 


Response: The comment suggests that the 2022 Scoping Plan include and discuss methods 
by which local agencies can most effectively implement wildfire avoidance and mitigation 
measures, such as restricting or avoiding development in potential wildfire high risk areas. 
CARB notes that the 2022 Scoping Plan itself discusses wildfire trends and strategies for 
reducing wildfire risk as part of the natural and working lands discussion. The comment does 
not raise an issue related to the adequacy, accuracy, or completeness of the First Draft EA 
and no further response is required. No changes to the First Draft EA are required in 
response to this comment. 


H269-5: The commenter states, “F. Zero Emissions Vehicles (ZEVs) Alone Cannot Achieve 
California’s Climate Goals. 


The EA relies heavily on the use of EVs to achieve state GHG goals (Appdx. B, Table 4-12, p. 
124 Transportation sector), despite the fact that the phase-in of restrictions on sales of non- 
ZEVs is not planned to reach 100% till 2035. (https://ww2.arb.ca.gov/our-
work/programs/advanced-clean-cars-program/advanced-clean-cars-ii; visited 6/20/22.) Even 
assuming that this program is fully successful, and that all new cars sold in CA in 2035 are 
ZEVs, there will still be millions of older, non-ZEV cars on the roads, in addition to cars 
meeting federal standards. Further, new trucks sold in California are not scheduled to be all 
ZEVs until 2040 (https://ww2.arb.ca.gov/resources/documents/path-zero-emission-trucks-faq; 
visited 6/20/22), with “the goal of achieving a zero-emission truck and bus California fleet by 
2045 everywhere feasible[.]” (https://ww2.arb.ca.gov/our-work/programs/advanced-clean-
fleets; visited 6/20/22, emphasis added.) California will not have a fully ZEV passenger car or 
truck fleet until decades from now, if ever. Appendix E to the Draft Scoping Plan states: 


Even with Executive Order N-79-20 phasing out the sale of internal combustion engine 
(ICE) vehicles by 2035, 30 percent of light-duty vehicles on the road in 2045 will be 
older and still burn fuel. 


(Appdx. E, p. 5, emphasis added.) Given the decades-long turnover time for the vehicle fleet, 
VMT reduction will be needed for many years or decades after the 2022 Scoping Plan is 
adopted, even if CARB’s programs are fully successful. Appendix E to the draft Scoping Plan 
shows that “future per capita daily driving…must decline from 24.6 miles in 2019 to no more 
than 19.0 miles by no later than 2045 to support California’s climate goals.” (Appdx. E, p. 5.) 
However, California is now on track to increase average per capita daily driving to over 28 
miles per day by 2045, roughly 50% more than is compatible with California’s climate goals. 
(Ibid., Fig. W.11) Appendix D briefly recognizes that ZEVs alone cannot meet climate goals 



https://ww2.arb.ca.gov/wildfire-emissions
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(Appdx. D, p. 2-3), but it must do more to make clear how much local agencies need to do 
now and for the foreseeable future to control and reduce VMT. 


In its Table 1, Priority GHG Reduction Strategies for Local Government Climate Action 
(Appdx. D, p. 5), Appendix D does not mention controlling or avoiding sprawl development. 
It does list changing zoning and plans to increase density in infill areas, and preserving 
natural and working lands to avoid losing their carbon sequestration. However, in cities and 
counties encompassing rural, lightly populated areas without extensive transit, sprawl may 
present the greatest danger of increased VMT through increased driving to reach more 
urbanized areas with their jobs and amenities. The Appendix should present evidence-based 
strategies that local government can use to contain such sprawl, and discuss why it is 
necessary to contain sprawl. California cannot electrify its way out of the need for substantial 
VMT reductions. 


11  Appendix E states that this is a mathematical modeling projection, “for illustrative 
purposes only.” (Appdx. E, p. 5, note 2.) Even with this qualification, the VMT reductions 
needed are still daunting.” 


Response: The comment states that Appendix D does not mention controlling or avoiding 
sprawl development and should present evidence-based strategies that local government 
can use to contain such sprawl and discuss why it is necessary to contain sprawl. The 
comment is directed toward the contents of the 2022 Scoping Plan and does not raise an 
issue related to the adequacy, accuracy, or completeness of the Draft EA. The comments are 
noted and are being provided to the Board members for their consideration. Nevertheless, 
CARB agrees that land use development patterns are an important part of achieving the 
state’s climate goals. The 2022 Scoping Plan and Appendix D discuss attributes that CARB 
staff identified as effectively helping to meet State climate goals and for lead agencies to 
consider how a project demonstrates consistency with the State's Scoping Plan. Appendix D 
helps to clarify and provide evidence that certain land use project types, including infill 
supported by transit at minimum densities, can reduce VMT by generating fewer vehicle trips 
and shorter average trip lengths. In addition, Appendix E includes strategies, such as 
accelerating infill development in existing transportation-efficient places and deploying 
strategic resources to create more transportation-efficient locations (See Section 3.4.2 of 
Appendix E). These elements of the Scoping Plan help local jurisdictions further consider the 
potential issues posed by sprawl development patterns. No changes to the First Draft EA are 
required in response to this comment. 


H269-6: The commenter states, “G. More Aggressive Decarbonization Measures Are 
Available and Should be Recommended. 


Appendix D describes some decarbonization measures that local governments can utilize to 
decrease their GHG emissions, including local forestry projects, creating EV charging 
stations, and energy retrofits of existing buildings. (Appdx. D, pp. 2-3 and 16-17.) However, 
the UC San Diego Decarbonization Framework study cited earlier studied building 
decarbonization closely. The building decarbonization measures it recommends, such a 
widespread deployment of rooftop solar and large-scale use of electric heating to replace 
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natural gas, can produce much larger GHG reductions than a project-by-project approach. 
The study points out that, in San Diego County, 80% of the buildings that will exist in 2050 
are already built. Therefore, while tightened and energy “reach” building codes are essential 
to produce future buildings that will use far less energy, adoption of retrofit requirements for 
existing buildings are just as, or even more, vital in order to reduce the energy use of the 
80% of buildings that will still be here in 2050.12 While data for other areas in California will 
be different from the data for the San Diego area, they are likely to be similar, and the San 
Diego study’s recommendations are likely to be apt. The study contains a section on legal 
authority for local governments to carry out the measures it recommends. 


12  We also note that many EIRs we see rely on an unadopted GHG threshold from SCAQMD 
that would limit GHG reduction measures for residential and commercial development 
projects to the same 30-year lifespan that SCAQMD assumes for the industrial-type 
projects for which it grants permits. Not only is reliance on unadopted regulations of 
dubious legality, the San Diego data show that as to buildings, the supposed 30-year 
lifespan lacks the evidentiary support CEQA demands. See, e.g., CEQA Guidelines 
section 15126.4 subd. (c).” 


Response: The comment indicates that more aggressive decarbonization measures are 
available and that retrofitting existing buildings should be included in Appendix D. Table 1 
from Appendix D includes the adoption of policies and/or incentive programs implementing 
energy efficiency retrofits for existing buildings as a Priority GHG Reduction Strategy for the 
Building Decarbonization Priority Area. In addition, Section 4.1.2, Off-site GHG Mitigation of 
Appendix D, includes examples of approaches, including energy efficiency retrofits, as that 
may be used as local off-site mitigation under CEQA. The comment does not raise an issue 
related to the adequacy, accuracy, or completeness of the First Draft EA and no further 
response is required. No changes to the First Draft EA are required in response to this 
comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H274 


6/24/2022 Angela Hacker, California Climate and Energy Collaborative 


H274-1: The commenter states:  


“➢ Municipalities lower emissions through their role in governing land use and buildings 
through ordinances, zoning, general plans, permitting, and CEQA review 
○ Example: All municipalities enforce the California Energy Code. Additionally, 55 local 


governments have adopted reach codes to support all-electric new construction; at 
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least two jurisdictions in California have adopted reach codes that apply to 
renovations of existing buildings; 


○ Example: In 2019, the City of Brisbane adopted an ordinance requiring most owners of 
local buildings 10,000 square feet or more to benchmark their buildings and report 
results to the city annually. Later, buildings will need to show they are high-performing 
or take steps to improve. 


○ Example: In 2020, Contra Costa County created a solar overlay zone in certain areas of 
the county that are well-suited for ground-mounted solar. 


○ Example: In June 2022, the City of San Jose approved a plan to update its 
Transportation Demand Management ordinance to eliminate mandatory parking 
minimums city- wide and ensure new developments invest in alternative transportation 
methods.” 


Response: The comment provides general suggestions and examples of how municipalities 
can lower emissions through regulations and CEQA. The comment does not raise an issue 
related to the adequacy, accuracy, or completeness of the First Draft EA and no further 
response is required. No changes to the First Draft EA are required in response to this 
comment. 


H274-2: The commenter states, “The Scoping Plan acknowledges that “not all jurisdictions 
have the resources to develop a CAP that will go through the CEQA process.” Perhaps more 
importantly, all local governments are struggling to obtain resources that will allow them to 
implement sufficient emission reduction strategies to reach state and local goals.” 


Response: The comment provides a general statement regarding the 2022 Scoping Plan’s 
acknowledgement that not all jurisdictions have the resources to develop a CAP that will go 
through the CEQA process. The comment does not raise an issue related to the adequacy, 
accuracy, or completeness of the First Draft EA and no further response is required. No 
changes to the First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter H287 


6/24/2022 Brian Mello, Associated General Contractors 


H287-1: The commenter states, “AGC of California asserts that local government’s land use 
authority should remain under their control. According to SB 375 that established SCS as a 
part of Regional Transportation Plans, projects approved consistent with SCS would receive 
an incentive: the environmental document prepared pursuant to CEQA would not be 
required to reference, describe, or discuss growth inducing impacts; or any project specific or 
cumulative impacts from cars and light-duty truck trips generated by the project on global 
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warming or the regional transportation network. SB 743 VMT regulation has undermined and 
reduce the value of this by eliminating the benefit promised by the second incentive. 
Therefore, CARB should support an exemption from the VMT regulation for projects that are 
consistent with an SCS. 


AGC of California appreciates CARB’s recognition of obstacles in Appendix D and Appendix 
E; specifically, CEQA, ballot-box planning (both by incentive and referendum), NIMBY 
opposition, and barriers to housing projects. We encourage CARB to support removing these 
obstacles; setting higher targets will not be effective without first removing the obstacles. 
Additionally, we would like to point out some specific concerns associated with Appendix E – 
Sustainable Communities Objectives and Action. Providing alternative transportation choices 
to driving is good for California if it does not prohibit road construction or removing lanes. 
AGC of California supports pricing strategies, as providing alternative transportation will 
likely require a new funding source, given that they replace SB 743 requirements on new 
development.” 


Response: The comment provides a description of the current incentives for CEQA under SB 
375 and expresses support for an exemption from the VMT regulation for projects that are 
consistent with an SCS. Additionally, the commenter encourages CARB to support removing 
obstacles to housing projects, such as CEQA. The comment does not raise an issue related to 
the adequacy, accuracy, or completeness of the First Draft EA and no further response is 
required. No changes to the First Draft EA are required in response to this comment. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the First Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


PH-1 - Dr. Catherine Garoupa: There's ample evidence that carbon capture could lead to 
significant environmental health and safety hazards. And again, the proposed projects are in 
some of our most overburdened environmental justice communities. If mitigating climate 
change is the goal, we have to take impacts on factors such as water, increases in solid waste 
that also directly affect -- directly affect the climate. In addition -- sorry, one second. In 
addition, the draft Scoping Plan claims that the Central Valley has an ideal geologic substrate 
for CO2 sequestration. But since the substrate already has many fractures and fissures, the 
threat of CO2 leakage increases. So this image on the slide is a map of Bakersfield. There is 
so much extractive infrastructure in the Central Valley with tens of thousands of wells, 
including numerous that are idle and abandoned. It is no longer geologically sound for 
injecting CO2 underground. Black dots on the map represent all of the existing and inactive 
oil and gas extraction wells. All of these straws poked into the ground are hazards for CO2 
leakage that could create carbonic acid in groundwater. The red triangle on the map is one 
of Chevron's proposed CCS injection/geologic storage sites. This is particularly important as 
Bakersfield is not only densely populated, but because of existing oil and gas operations, it is 
an already immensely overburdened environmental justice community. Some of you may 
have heard the story of Satartia, Mississippi, where in 2020 a whole town was hit by an 
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invisible and acutely hazardous levels of CO2 gas from a pipeline rupture. The CO2 pipeline 
failure resulted in local eval -- evacuations and caused almost 50 people to seek medical 
attention. The impacts of this pipeline failure had a disparate racial impact as all of the 
victims of CO2 poisoning in Satartia were African American. Even aside from the corrosion 
caused by CO2, the pipelines also leak. With current pipelines in Kern County, there have 
already been multiple methane leaks. Methane is a high potency greenhouse gas. To speak 
more on this issue, I want to introduce of Bill Caram of the Pipeline Safety Trust to provide a 
brief overview of these risks. And then I'll have some concluding comments before moving 
on to the next topic. 


Response: The commenter expresses concern regarding potential leakage of CO2 from 
pipelines. A discussion of pipeline safety was added to the Recirculated Draft EA to address 
this issue. The following discussion was added to Section 9.b: Long-Term Operational-
Related Effects on Hazards and Hazardous Materials (beginning in the last paragraph on 
page 152 of the Recirculated Draft EA) as shown below.  


Similar to natural gas pipelines, CO2 pipelines operate at high pressure within the 
ambient temperature of the system. They require monitoring for leaks, and protection 
against overpressure, especially in populated areas (Parfomak and Folger 2008). While 
pipeline failure associated with fracture propagation (i.e., CO2 that is unintentionally 
released causing high volumes of CO2 to be release into an area) is recognized by the 
hydrocarbon industry as a potentially hazardous issue, there is uncertainty surrounding 
the spontaneity of CO2 pipeline combustion or explosion due to fracture propagation 
(Bilio et al 2009). Depending on the state of CO2 captured in these systems (i.e., gas or 
solid), the potential hazards associated with fracture propagation vary; dispersion 
behavior, solubility, or erosion impact of the velocity to which a leak occurs influence 
the physical impacts of these occurrences. According to a 2009 study, “[d]epending on 
the precise time during any release, supercritical CO2 will be released to atmosphere 
and disperse over large distances” (Bilio et al 2009).  


CO2 released from a pipeline is heavier than air, and the high-rate release from a pipe 
can form cold dense gas fog clouds comprised of dry ice particles and visible water 
vapor as the humidity in the air condenses from the extreme cooling. Such high-rate 
releases can produce areas of low visibility from “fog,” both from dry ice particles and 
water condensation. The CO2 pipeline rupture fog becomes transparent when 
eventually warmed by the surrounding environment. Upon warming, the CO2 plume 
can flow considerable distances from the pipeline unobserved, traveling over terrain, 
displacing oxygen while settling or filling in low spots. Ambient CO2 may additionally 
cause adverse health effects depending on its concentration in the atmosphere. For 
instance, concentrations exceeding 10 percent by volume may inhibit some cognitive 
function, and concentrations exceeding 25 percent have the potential to lead to 
asphyxiation. Exposure to CO2, similar to other asphyxiants such as carbon monoxide, 
can in some cases lead to circulatory insufficiency, coma, and even death (Parfomak 
and Folger 2008). On February 22, 2020, a CO2 pipeline operated by Denbury Gulf 
Coast Pipelines LLC (Denbury) ruptured in proximity to the community of Satartia, 
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Mississippi. The rupture followed heavy rains that resulted in a landslide, creating 
excessive axial strain on a pipeline weld (DOT 2022). The combination of weather and 
topography resulted in a slower dissipation of the gas. The pipeline was also carrying 
hydrogen sulfide, a flammable and toxic gas. The pipeline failed on a steep 
embankment, which had recently subsided. Heavy rains are believed to have led to a 
landslide, which created axial strain on the pipeline and resulted in a full 
circumferential girth weld failure. The Pipelines and Hazardous Materials Safety 
Administration’s (PHMSA) investigation also revealed several contributing factors to 
the accident, including but not limited to: Denbury not addressing the risks of 
geohazards in its plans and procedures, underestimating the potential affected areas 
that could be impacted by a release in its CO2 dispersion model, and not notifying 
local responders to advise them of a potential failure.  


Unlike hydrogen (H2), CO2 is not flammable (i.e., it does not explode or detonate 
upon ignition). As such, it is not considered an issue of concern compared to 
conventional hydrocarbon pipelines. Nevertheless, CO2 can cause blasts of intense 
pressure upon pipeline rupture. These ruptures can cause “blast like” expansion forces 
that dissipate quickly with distance from the pipeline, but may cause considerable 
damage within the pipelines’ right of way.  


The Secretary of Transportation has primary authority to regulate interstate CO2 
pipeline safety under the Hazardous Liquid Pipeline Act of 1979, as amended. Under 
the act, the Department of Transportation (DOT) regulates the design, construction, 
operation and maintenance, and spill response planning for CO2 pipelines. The DOT 
administers pipeline regulations through the Office of Pipeline Safety (OPS) within the 
Pipelines and Hazardous Materials Safety Administration (PHMSA). 


In May 2022, PHMSA announced it is taking steps to implement new measures to 
strengthen its safety oversight of CO2 pipelines within the U.S. and protect 
communities from pipeline failures. These measures include a new rulemaking to 
update standards for CO2 pipelines, requirements related to emergency 
preparedness, and response; and issuance of an updated nationwide advisory bulletin 
to all pipeline operators underscoring the need to plan for and mitigate risks related 
to land-movements and geohazards that pose risks to pipeline integrity (PHMSA 
2022). PHSMA also issued an updated advisory bulletin in June 2022 to address 
hazardous conditions related to pipelines and recommendations to operators. The 
updated advisory is intended to serve as a reminder to owners and operators of gas 
and hazardous liquid pipelines, particularly those with facilities located onshore or in 
inland waters, about the serious safety-related issues that can result from earth 
movement and other geological hazards. Additionally, changing weather patterns due 
to climate change may result in heavier than normal rainfall and increased 
temperatures causing soil saturation and flooding or soil erosion. Either phenomenon 
may adversely impact the stability of soil surrounding or supporting nearby pipeline 
facilities (Mayberry 2022).  







2022 Scoping Plan 
Response to Comments   Responses to Comments 


295 


At this time, recently passed SB 905 prohibits the transport of CO2 by pipeline until 
such time that PHSMA updates measures to strengthen its oversight of CO2 pipeline 
safety. Even once that rulemaking concludes, CARB cannot rule out with certainty the 
potential for safety and environmental hazards due to the potential for rupture and 
subsequent hazardous conditions related to exposure of high concentrations of CO2. 
Therefore, this impact would be potentially significant. 


See the Recirculated Draft EA at pages 150-154 for additional information. 


As noted above, the potential for CO2 pipelines to rupture and create hazardous conditions 
would be a potentially significant impact. The Draft Recirculated EA includes Mitigation 
Measure 9.b.4, which lists PHMSA recommendations. However, the effects on a population 
within close proximity to a rupture could be catastrophic and result in substantial injuries and 
fatalities because CO2 is an asphyxiant that is heavier than air and can stay close to the 
ground after a release and move long distances. Due to this risk of rupture and under a 
conservative scenario, operation of CO2 pipelines would remain significant after 
implementation of the mitigation measures provided in the Recirculated Draft EA. 


PH-2 - Bill Caram: Virtually any plan that includes carbon capture and sequestration or direct 
air capture will involve transporting that captured CO2 via pipeline. And as Catherine 
mentioned, residents of Satartia, Mississippi learned the hard way that they have a CO2 
pipeline in their community. When that pipeline ruptured in 2020, the escaped CO2 caused a 
harrowing experience for many sending 45 -- more than 45 people to the hospital with 
symptoms of asphyxiation and some are still recovering from that night now two years later. 
In response to that event, along with the sudden increase of proposed CO2 pipelines in 
connection to various carbon capture and sequestration projects, the Pipeline Safety Trust 
commissioned a report from an independent pipeline safety engineer to identify the safety 
risks and regulatory gaps posed by CO2 pipelines. The report, which was released in March 
and can be found on a website, outlined the history of CO2 pipelines and identified a number 
of unique safety risks posed by those pipelines, along with corresponding regulatory gaps. 
Congress first asked the federal pipeline safety agency, PHMSA, to regulate CO2 pipelines in 
1988 after a natural gas release of CO2 from Lake Nyos in Cameroon, killed every oxygen 
breathing being within 18 miles, including 1,700 people. PHMSA responded to that mandate 
by tagging on and CO2 to highly volatile liquids regulations, despite the unique properties 
and risks of these pipelines. CO2pipelines are operated at very high pressure and releases 
lead to rapid often violent phase changes. Because CO2 is an asphyxiant and heavier than air, 
it can stay close to the ground after release and move long distances, often -- often many 
miles. Traditional methods of determining potential impact areas around hydrocarbon 
pipelines are inappropriate and insufficient for CO2 -- 2 lines, but that is exactly what the 
regulations call for. Denbury, the pipeline operator in Satartia, Mississippi, identified the area 
around its pipeline that could be impacted by a failure and many of the people hospitalized 
were outside of that identified area. Our report also found that CO2 is entirely unregulated if 
it is transported as a gas or as a liquid. It is only regulated if it is transported as a supercritical 
fluid. There are no standards as to levels of various contaminants, some -- some of which are 
very common, corrosive and/or toxic. CO2 acts very differently from hydrocarbons in the 
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pipeline and after a rupture, and the regulations are simply not up to the task of keeping 
communities safe. I would also like to point out that the White House Environmental Justice 
Advisory Council last year listed both CCS and direct air capture as projects that would not 
benefit a community. A study published just last month by Environmental Science and 
Technology based on data from EDF and Colorado State University show the 
disproportionate burden of pipeline dangers our most vulnerable communities bear. The 
study found that natural gas pipeline leaks are more prevalent in neighborhoods whose 
populations are predominantly low income or people of color. And there have been several 
similar studies with sadly similar conclusions. I encourage you all to read our report and pay 
special attention to our summary of findings and regulatory recommendations. I encourage 
you to click on the link on our page website of the test rupture of a CO2 pipeline, so you can 
get a sense of a supercritical fluid failure's violent rupture. I encourage you to read Dan 
Zegart's harrowing article about the CO2 pipeline in Satartia, Mississippi to start to 
understand the risks these pipelines will pose to our communities. And I ask you to look at 
ways to close these regulatory gaps before any of California's communities are asked to 
shoulder the burden of risk these pipelines pose. Thank you very much. 


Response: Impacts related to CO2 potentially leaking from conveyance pipelines have been 
added to the Recirculated Draft EA. Please refer to response to PH-1. 


PH-3 - Marjaneh Moini: We're alarmed because the Scoping Plan's reliance on loopholes like 
carbon capture and sequestration and unrealistic expectations from direct air captures put us 
on the wrong path. CCS creates public health hazards at every step of the way, capture, 
transport, and storage. The idea that these public health hazards could be regulated is not 
rooted in real life experience of our frontline communities, who live in regulatory failures 
every day. CO2, odorless, colorless, deadly asphyxiant that is heavier than air and can spread 
for miles in case of illegal pipeline -- pipeline rupture is being treated as a commodity. We're 
asking the Board, CTA, and the Governor to prioritize public health. 


Response: Impacts related to CO2 potentially leaking from conveyance pipelines has been 
added to the Recirculated Draft EA. Please refer to response to comment PH-1. 


Responses to verbal comments provided during the public hearing held on June, 23, 2022 
have been prepared consistent with the requirements set forth under CARB’s certified 
regulatory program. No other comments given during the public hearing identified 
significant environmental issues related to the analysis in the First Draft EA; therefore, no 
additional responses to this letter are required. The comments are noted and have been 
provided to the Board members for their consideration. 
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C. Individual Comments and Responses on the Recirculated Draft Environmental 
Analysis 


Comment Letter R1 


9/19/2022 Gurwinder Mann 


The comments provide statements related to trucks. The comments address general 
concerns and do not raise significant environmental issues related to the analysis in the 
Recirculated Draft EA, therefore they do not require written responses under CARB’s 
certified regulatory program implementing CEQA. The comments are noted and have been 
provided to the Board members for their consideration. 


Comment Letter R2 


9/20/2022 Thomas T Becker, T. Becker Power Systems  


R2-1: The commenter states “I submitted 2 comments on the original Draft 2022 Climate 
Change Scoping Plan. Those comments are still valid and staff must respond as required by 
CEQA. 


I also submitted a comment on the 2022 SIP revision. Staff responded to that comments by 
saying my alternative was ‘infeasible’, even though they admit they never prepared an 
analysis of my alternative. Staff also stated that I did not submit enough detail to evaluate my 
alternative. Staff had years of documents I submitted concerning my alternative plan, and 
staff had my email address which they could have used to contact me with questions about 
my alternatives plan. Staff never contacted me. 


In my two comments submitted for the Draft 2022 Climate Change Scoping Plan, I submitted 
alternatives to the ACC and ACCII components of the plan. If staff has any questions about 
my alternatives, or if staff requires more information to prepare an analysis of my alternatives, 
staff can contact me at tbeckerpower@gmail.com” 


Response: The comment provides a follow-up to two previously submitted comment letters 
(Comment Letters 2 and 50). Please refer to responses to comments 2-1 and 50-1. 


The commenter provides information about CARB responses received on comments 
submitted for the 2022 State SIP Strategy. This falls outside the scope of the proposed 
project which is the 2022 Scoping Plan, therefore no response is required. Additionally, 
CARB responds to timely submitted CEQA comments consistent with the requirements set 
forth under CARB’s certified regulatory program, CARB is not obligated to contact the 
commenter to request additional information in relation to their submitted comment letter. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. The comments are noted and have been 
provided to the Board members for their consideration. 
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Comment Letter R3 


9/22/2022 Chris Torres 


The comments question the functionality and purpose of the Board. The comments address 
opinions not related to the plan and do not raise significant environmental issues related to 
the analysis in the Recirculated Draft EA, therefore they do not require written responses 
under CARB’s certified regulatory program implementing CEQA. The comments are noted 
and have been provided to the Board members for their consideration. 


Comment Letter R4 


9/22/2022 Gilbert Adjoyi 


The author comments on the need for electric charging infrastructure and increased 
development of sources of renewable electricity over sources which emit GHGs. The 
comments request outreach and education set up by CARB about EVs and voices concerns 
about enforcement capabilities. The comments address policy aspects related to the plan 
and do not raise significant environmental issues related to the analysis in the Recirculated 
Draft EA, therefore they do not require written responses under CARB’s certified regulatory 
program implementing CEQA. The comments are noted and have been provided to the 
Board members for their consideration. 


Comment Letter R5 


9/22/2022 Kimberly McCoy 


The comments focus on the reasons and ideas to lower GHG emissions from the cement 
industry in California. The commenter discusses efforts to lower GHG emissions from other 
countries and suggests that CARB consider similar efforts through a series of 
recommendations for carbon capture methods, outreach, education, and how to serve the 
disadvantaged communities who are harmed the most by these emissions. The comments 
address policy aspects related to the plan and do not raise significant environmental issues 
related to the analysis in the Recirculated Draft EA, therefore they do not require written 
responses under CARB’s certified regulatory program implementing CEQA. The comments 
are noted and have been provided to the Board members for their consideration. 


Comment Letter R6 


10/3/2022 Martin Mackerel 


The comments support strict phasing out of all fossil fuel activities with a fixed date to allow 
smooth economic transition. The commenter does not agree with including carbon capturing 
methods as part of reducing GHG emissions. The comments address policy aspects related 
to the plan and do not raise significant environmental issues related to the analysis in the 
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Recirculated Draft EA, therefore they do not require written responses under CARB’s 
certified regulatory program implementing CEQA. The comments are noted and have been 
provided to the Board members for their consideration. 


Comment Letter R7 


10/14/2022 Julie Parker, League of Women Voters 


The comments support the motivation and goal of the plan, but questions the ability of the 
plan to succeed due to the lack of strength of the language. The commenter suggests 
incorporating stronger language into the plan. The comments address opinions related to 
the language of the plan and do not raise significant environmental issues related to the 
analysis in the Recirculated Draft EA, therefore they do not require written responses under 
CARB’s certified regulatory program implementing CEQA. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter R8 


10/15/2022 Carol Wuenschell 


The comments support the 2022 Scoping Plan and the multitudes of methods proposed to 
curb GHG emissions. The comments address opinions related to the plan and do not raise 
significant environmental issues related to the analysis in the Recirculated Draft EA, therefore 
they do not require written responses under CARB’s certified regulatory program 
implementing CEQA. The comments are noted and have been provided to the Board 
members for their consideration. 


Comment Letter R9 


10/24/2022 Julie Parker, League of Women Voters 


This comment letter is a duplicative submittal. Please refer to response to comment R7. 


Comment Letter R10 


10/24/2022 Quinn Piening, California Tow Truck 


The comments express opposition to elements of the 2022 Scoping Plan. The comments 
address policy aspects and general concerns related to the plan and do not raise significant 
environmental issues related to the analysis in the Recirculated Draft EA, therefore they do 
not require written responses under CARB’s certified regulatory program implementing 
CEQA. The comments are noted and have been provided to the Board members for their 
consideration. 
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Comment Letter R11 


10/24/2022 Jessica Wentz 


The comments analyze the scope of the analysis of Appendix I, Effects of Forest 
Management on GHGs, and proposes additional methods to managing forests to lower 
emissions. The comments address policy aspects related to the plan and do not raise 
significant environmental issues related to the analysis in the Recirculated Draft EA, therefore 
they do not require written responses under CARB’s certified regulatory program 
implementing CEQA. The comments are noted and have been provided to the Board 
members for their consideration. 


Comment Letter R12 


10/24/2022 Fernandez Ignacio 


The comments support increasing the production of renewable energy to help stabilize and 
decarbonize the states electrical grid, building electrification and increasing efforts to remove 
carbon from the atmosphere. The comments address opinions related to the plan and do not 
raise significant environmental issues related to the analysis in the Recirculated Draft EA, 
therefore they do not require written responses under CARB’s certified regulatory program 
implementing CEQA. The comments are noted and have been provided to the Board 
members for their consideration. 


Comment Letter R13 


10/24/2022 Charles Davidson 


R13-1: The commenter states, “The California Air Resources Board (CARB) Draft 2022 
Scoping Plan commits the transformation of an increasing proportion of the State’s refinery 
capacity to advanced biofuels production, using animal fats, vegetable oils and greases, in 
order to make both renewable diesel and sustainable aviation fuel (SAF). There are a number 
of false assumptions and environmentally harmful inclusions in the CARB Draft Scoping Plan 
affecting carbon dioxide emissions from multiple points within the well-to-wheel greenhouse 
gas analysis of transportation fuels, to which the State hopes to address. My 2022 Draft 
Scoping Plan comment, here, addresses these multiple CO2 emissions points within the fuel 
pathway, from before the refinery level (i.e., agricultural/upstream), then at the refinery level 
(midstream) and after the refinery (upstream)….” 


Response: Please refer to Master Response 6. 


Comment Letter R14 


10/24/2022 Jared Yoshiki, AOPA 


R14-1: The comments address impacts of the 2022 Scoping Plan on the Aviation industry in 
California and the country. The commenter states the methods proposed for achieving the 
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goals set forth for reducing emissions in the aviation industry will not be possible for decades 
due to the technology not being available.  


Response: Please refer to Master Response 6. 


Comment Letter R15 


10/24/2022 Jennifer Svec-Williams 


The comments raise concerns over potential increased costs for building and purchases 
homes. Pursuant to CEQA Guidelines Section 15131, economic or social effects shall not be 
treated as significant effects on the environment unless they result in a physical change that 
may affect the environment. The comments do not raise an issue related to the adequacy, 
accuracy, or completeness of the Recirculated Draft EA and no further response is required. 
The comments are noted and are being provided to the Board members for their 
consideration.  


Comment Letter R16 


10/24/2022 Jessica Marcus, Drax 


The comments express support for the 2022 Scoping Plan. The comments address opinions 
related to the plan and do not raise significant environmental issues related to the analysis in 
the Recirculated Draft EA, therefore they do not require written responses under CARB’s 
certified regulatory program implementing CEQA. The comments are noted and have been 
provided to the Board members for their consideration. 


Comment Letter R17 


10/24/2022 Amanda Parsons DeRosier, Global Clean Energy 


R17-1: The commenter states, “The RDEA lists several areas as having “significant impacts” 
associated with the use of Alternative Low Carbon Fuels. Respectfully, the impacts listed in 
the RDEA do not apply to Global Clean Energy’s Bakersfield Renewable Fuels Refinery or the 
production of our proprietary camelina feedstock. The determinations of significance for Low 
Carbon Fuel Alternatives outlined within this RDEA include: Aesthetics, Agriculture and 
Forestry Resources, Biological Resources, Geology and Soils, Hydrology and Water 
Quality, Land Use Planning, Noise and Vibration, and Utilities and Service Systems. CEQA 
requires a finding of significance if a project “has the potential to substantially degrade the 
quality of the environment.” (Cal. Code Regs., tit 14, § 15065, subd.  


(a).) We believe the determination of significance for Global Clean Energy’s operations is 
inadequately addressed within the RDEA, as our impacts are less than significant in these 
stated areas:  


Impact 1.b: Long-Term Operational-Related Effects on Aesthetics  
The cultivation of our camelina feedstock, grown between traditional crop cycles on existing 
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farmland that is otherwise left fallow or idle, as well as the furtherance of construction on our 
renewable fuels refinery, located within an appropriately zoned, non-residential area not 
located along a scenic route, do not contribute to significant aesthetic impacts.  


Impact 2.b: Long-Term Operational-Related Effects on Agriculture and Forestry 
Resources  
As previously noted by CARB staff, our camelina feedstock does not result in land use 
change as it grows between crop cycles on existing farmland that is otherwise idle or fallow. 
Therefore, increased cultivation and production of camelina would not result in alteration of 
the location and extent of existing farm footprints nor would it necessitate the expansion of 
agricultural land into rangeland, grassland, or forests. Further, camelina is not used for food, 
ensuring no displacement of food-based production on agricultural land currently used to 
grow row crops. As noted within the RDEA, “the development of energy crops adapted to 
be highly productive on lands marginal for other agricultural uses could reduce the potential 
impact of biofuel production on non-fuel crop production.” We believe camelina falls within 
this category of crops and would not contribute to potential land use changes that could 
adversely affect agriculture and forestry resources.   


Impact 4.b: Long-Term Operational-Related Effects on Biological Resources  
Similar to waste products, camelina was assigned a “zero” LUC value by CARB due to its 
quick maturity and unique growing cycles (between crop cycles on existing farmland) that 
provide soil benefits similar to those of a cover crop on idle or fallow established farmland 
where it is grown. Camelina is not widely used as a food product, thereby not displacing 
food or resulting in the expansion of agricultural acreage. Furthermore, Global Clean 
Energy’s patented camelina varieties do not require the use of pesticides or increased soil 
nutrients, eliminating the concern over runoff impacts. Additionally, camelina is a melliferous 
species that has been shown to enhance biodiversity where it is grown, providing a biological 
resources benefit to the land on which it is cultivated.  


Impact 7.b: Long-Term Operational-Related Effects on Geology and Soils  
The RDEA notes, “Even when soil erosion is not excessive, intensive agriculture can impair 
soil quality by depleting the natural supplies of trace elements and organic matter. In natural 
ecosystems, soil fertility is maintained by the diverse contributions and recycling of nutrients 
by a wide range of plant and animal species. When this diversity is replaced by a single 
species grown year after year, some trace elements are depleted if not replaced by 
fertilization. The organic content of the soil also diminishes unless crop residues or other 
organic materials are supplied in sufficient quantities to replace that consumed over time.”   


Camelina provides similar protection to agricultural lands as cover crops – it prevents soil 
erosion and adds to crop diversity on the lands where it is planted. Furthermore, camelina 
provides nutrient benefits to soils including reduced nitrogen leaching, increased nutrient 
retention in soil, and improved soil fertility.  


Impact 10.b: Long-Term Operational-Related Effects on Hydrology and Water Quality  
Concerns are outlined within the RDEA over Agricultural nonpoint source (NPS) pollution, 
and its potential impacts to the water quality of rivers, lakes, and wetlands and contributions 
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to contamination of estuaries and groundwater. Agricultural activities that cause NPS 
pollution include poorly located or managed animal feeding operations; overgrazing; 
plowing too often or at the wrong time; and improper, excessive, or poorly timed application 
of pesticides, irrigation water, and fertilizer. As noted previously, the cultivation of camelina 
does not require pesticide use, excessive fertilizer, or irrigation water. Camelina is a low 
water use crop that grows on dryland (non-irrigated) farms using natural rainfall as its 
irrigation source. Therefore, camelina does not contribute to adverse effects on water 
quality.  


Impact 11.b: Long -Term Operational-Related Impacts on Land Use and Planning  
While Global Clean Energy’s operations may require future/ongoing construction of new or 
modified infrastructure, these operations would occur on existing, appropriately zoned 
parcels not contributing to land use change. Further, our patented camelina varieties are 
grown in such a manner so as to not contribute to land use change. As discussed above 
under, “Agriculture and Forestry Resources,” “Biological Resources,” “Geology and Soils,” 
and “Hydrology and Water Quality,” camelina cultivation does not result in environmental 
effects associated with land use change that would be potentially significant as a result of 
implementing the increase of low carbon fuel alternatives.  


Impact 13.b: Long-Term Operational-Related Effects on Noise and Vibration  
Global Clean Energy’s patented camelina varieties are harvested using farmers’ existing 
equipment. Global Clean Energy’s camelina oil is processed into ultra-low carbon renewable 
fuels at our Bakersfield Renewable Fuels Refinery – a former petroleum refinery that is being 
refurbished as a renewable fuels refinery. The noises and vibrations associated with the 
cultivation and processing of feedstock into renewable fuels would remain at the existing 
noise levels for present-day farming and refining operations. Furthermore, Global Clean 
Energy’s refinery contains existing rail lines that will be used to transport the majority of 
feedstock from out of state. By utilizing these existing railways and rail schedules, no increase 
in sound or vibrations to current rail operations would be expected. There would not be a 
substantial increase in either noise or vibration associated with Global Clean Energy’s 
operations.  


Impact 19.a: Long-Term Operational-Related Effects on Utilities and Service Systems  
Global Clean Energy’s Bakersfield Renewable Fuels Refinery is in the process of installing a 
10 MW solar farm on the 510-acre refinery property. This installation is expected to relieve 
utility demand for refinery activities and send excess energy produced onsite to the grid for 
community use. Further, our patented camelina feedstock grows on dryland farms and does 
not require increased irrigation (see above). Therefore, no increased water demand or 
electricity demand is associated with Global Clean Energy’s operations. Furthermore, Global 
Clean Energy’s fuels produce zero waste. Once our camelina oil is extracted, the remaining 
biological materials are converted into a livestock feed for use in California, reducing the 
need for livestock feed imports into the state.  
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Conclusion  


As noted within the RDEA, “Continued implementation of the LCFS program will continue to 
send market signals that incentivize use of fuels with less potential for land conversion and 
associated effects on biological species.” (RDEA at p. 100.) Global Clean Energy’s renewable 
fuels production operations are vertically integrated from farm to fuel, do not contribute to 
land use change, and provide multiple benefits to the biological environment – from 
capturing carbon in the soil while camelina is grown, to producing ultra-low carbon 
renewable fuels to power large scale machinery, equipment, and transportation. We 
encourage CARB to incentivize the use of camelina-based renewable fuels and other 
sustainable renewable fuels as the regulatory process continues, and to encourage the 
incorporation of renewable fuels’ sustainability benefits within AB 32 Scoping Plan 
procedures. We request that CARB should clarify that these significance determinations in 
the RDEA are not applicable to any subsequent project-level environmental review of the use 
of camelina feedstock.” 


Response: The scope of the analysis presented in the Recirculated Draft EA is discussed in 
Section 1.D.2, “Scope of Analysis and Assumption.” As discussed there: 


The degree of specificity required in a CEQA document corresponds to the degree of 
specificity inherent in the underlying proposed activity it evaluates. The environmental 
analysis for broad plans will necessarily be less detailed than that for specific projects 
that might follow after the broad plans (see Title 14 CCR Section 15146). For example, 
assessing a construction project would naturally be more detailed than assessing a 
broad plan because the construction effects can be predicted with a greater degree of 
accuracy (see Title 14 CCR Section 15146(a)).  


While the commenter states that environmental impacts related to Global Clean Energy’s 
Bakersfield Renewable Fuel Refinery would not be significant with regards to several topic 
areas, the environmental analysis is not intended to address a single facility. Rather, it is 
intended to be broad to encompass the types of impacts that could occur due to 
implementation of the 2022 Scoping Plan. Furthermore, it is intended to be a conservative, 
worst-case analysis to ensure that all potentially-significant reasonably foreseeable impacts 
statewide are fully analyzed at this programmatic planning stage. In preparing the 
Recirculated Draft EA, CARB did not intend to suggest that every project-specific action 
would encounter the range of potentially significant impacts identified in the Recirculated 
Draft EA. Because the comment does not contain substantial evidence related to the 
significance conclusions presented in the comment, no further response can be provided. No 
changes to the Recirculated Draft EA are necessary. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the Recirculated Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 
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Comment Letter R18 


10/24/2022 Jason Pfeifle, Center for Biological Diversity 


R18-1: The commenter states, “D. CCS requires large amounts of energy, which threatens 
California’s grid stability  


CCS requires large amounts of energy for heat and electricity that would put increased 
pressure on California’s grid. The additional energy required to capture, transport, and inject 
carbon underground results in higher energy costs, greater emissions of non-CO2 air 
pollutants such as NOx, and increased energy demand on an already strained power grid. 
CARB must take these additional energy demands and risks into account when considering 
CCS, especially given the grid demands in recent years that have led to blackouts.[8] Adding 
CCS to current energy production is likely to increase the cost of energy to Californians. A 
recent study concluded that for a new-build gas-fired plant with CCS, the CCS could increase 
the cost of energy produced by up to 61 percent.[9] CARB should not be encouraging and 
incentivizing CCS in fossil fuel sectors that require phaseout planning and financial support 
for community and worker transitions. Instead, the agency must preserve new renewable and 
clean energy infrastructure for replacing fossil fuels and for the rapid decarbonization needed 
to meet California’s climate goals. 


Response: Please refer to response to comment R19-9.  


R18-2: The commenter states, “E. CCS increases water usage and risks polluting 
groundwater and air quality  


CCS projects can increase power plant water usage by 50-90%, making CCS an exceptionally 
risky endeavor for drought-ridden California. Water tables are already compromised in the 
Central Valley, which is where the majority of CCS sites are being proposed. Continuing to 
draw upon non-renewable water resources will further compromise the region’s water 
infrastructure.[10] In addition, CCS may introduce saline into water tables, rendering the 
water unusable, thus furthering a state of climate crisis. When piped in from distant locations, 
water also has a significant carbon footprint,[11] whose cost should be factored into decisions 
regarding CCS. CCS also can sustain and even exacerbate air pollution, an issue of particular 
concern given that the regions where CCS projects are planned and projected are in areas of 
severe nonattainment for state and federal air quality standards. CARB must not rely on 
climate strategies that threaten air or water quality or water supplies. 


Response: The Recirculated Draft EA discusses the potential adverse effects on water supply 
in Section 4.19, “Utilities and Service Systems.” As stated in the second paragraph on page 
233 of the Recirculated Draft EA, “CCS-related operations could place additional strain on 
existing and future water resources. Depending on variations in water security, which vary 
year-to-year, the water required to facilitate the transfer for CO2 into storage reservoirs 
could compete with other water demands within the vicinity of CCS operations. Thus, long-
term operational impacts on utilities and services systems would be potentially significant.” 
The Recirculated Draft EA further states: 
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Additionally, use of CCS could place additional demand on water resources 
depending on the CCS technology and approach deployed, which could present 
additional water challenges for the state. Given the state’s uncertain future regarding 
water security, water used for CO2 capture and sequestering activities could result in 
further depleting water resources during periods of drought (Newmark et al. 2010). 
However, the use of fresh water can be reduced through the use of project-site and 
technology specific approaches identified as part of project design, project level 
planning, and project environmental review. Because of the adverse impacts described 
above, long-term operational impacts on hydrologic resources associated with 
mechanical carbon dioxide removal and CCS actions would be potentially significant. 


Mitigation Measure 19.a is provided to reduce environmental impacts. However, because the 
authority to determine project-level impacts and require project-level mitigation lies with 
land use and/or permitting agencies for individual projects, and the programmatic level of 
analysis associated within the Recirculated Draft EA does not attempt to address project-
specific details of mitigation, there is inherent uncertainty in the degree of mitigation that 
may ultimately be implemented to reduce potentially significant impacts (page 238 of the 
Recirculated Draft EA).  


With regard to potential groundwater contamination associated with CCS operation, page 
167-168 of the Recirculated Draft states: 


The pressure associated with CCS could result in minor to moderate seismic events, 
which could cause several centimeters of shift within a fault line. While these events 
could not be substantial such that damage to humans or structures would occur, brine 
displacement could result through the formation of leaks within geologic formations. 
This could result in contamination of groundwater resources; however, reservoirs are 
often selected that exist below the groundwater tables so as to avoid contamination 
of these resources in the case of leakage (Newmark et al. 2010)…. Because of the 
adverse impacts described above, long-term operational impacts on hydrologic 
resources associated with mechanical carbon dioxide removal and CCS actions would 
be potentially significant. 


Because environmental impacts addressed in the comment were included in the Recirculated 
Draft EA no changes to the document are necessary. 


R18-3: The commenter states, “F. CCS–even with guardrails–endangers communities  


No community in California should be a dumping ground for carbon waste or be put in 
harm’s way by this dangerous technology. In California and elsewhere, Tribal and frontline 
communities that have already suffered the worst impacts of industrial pollution and 
environmental racism will likely face the biggest risks from CCS.  


Over a dozen CCS projects have already been proposed in the San Joaquin Valley, an area 
that suffers from the worst air pollution in the nation, and where many residents are 
particularly vulnerable to pollution.[12] These CCS projects pose significant new health, 
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safety, and environmental risks from toxic air pollution, pipeline ruptures, and leaks from 
underground CO2 storage that could sicken and even kill people.[13] Many of these 
proposed projects are for bioenergy with CCS (known as BECCS). Bioenergy facilities in the 
Central Valley have had repeated air pollution violations,[14] and research shows that 
bioenergy facilities with CCS can emit large amounts of harmful non-CO2 air pollution.[15] In 
addition, seven of the newly proposed CCS sites are located over or near fault lines, 
increasing risk of rupturing pipes, releasing stored CO2, and contaminating water 
supplies.[16]  


Furthermore, while the recently-passed SB 905 places a moratorium on pipelines until the 
federal pipeline agency, PHMSA, completes its rulemaking, it contains an exception for 
facilities that inject CO2 under their property. We know of at least three CCS projects that 
are proposing to inject under their property, and the Scoping Plan should not indirectly 
encourage this kind of community and worker endangerment.  


The best community protection is to avoid this inherently dangerous technology altogether in 
California’s climate plan and instead focus on rapidly phasing out the production, refining, 
and use of fossil fuels.  


We strongly urge you to adopt a Scoping Plan that does not rely on investment in CCS 
for fossil fuel infrastructure. California has the technology and resources to rapidly reduce 
emissions at the source and transition off fossil fuels at the pace the climate crisis demands. 
We need you to build on your recent climate action and adopt a Scoping Plan that will 
continue to put California at the forefront of global climate leadership and environmental 
justice.” 


Response: Please refer to Master Responses 2, 3, and response to comment 566-15. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the Recirculated Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter R19 


10/24/2022 Chelsea Tu, California Environmental Justice Alliance 


R19-1: The commenter states, “1. CARB must release an updated Draft Scoping Plan 
along with an updated draft EA to ensure meaningful public participation. 


On September 9, CARB released the RDEA for public review and comment. The RDEA’s 
project description section outlines anticipated changes to the CARB’s Draft Scoping Plan, 
such as “the addition of offshore wind energy generation facilities” and “targets for carbon 
removal of 20 MMT in 2030 and 100 MMT in 2040, with focus on natural and working lands 
first”.1 CARB also provides an updated table on proposed actions for the Proposed Scenario 
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in Tables 2-1 and 2-2, as well as an updated summary of reasonably foreseeable compliance 
responses to these proposed actions.2 Disappointedly, CARB did not release an Updated 
Draft Scoping Plan nor updated modeling results based on, and to concurrently accompany, 
these proposed changes. We recently learned that CARB will conduct a public workshop on 
updated modeling results for the Scoping Plan on October 28, after these comments are 
due.  


Public participation is an essential part of the CEQA process.3 Commenters must have 
sufficient information about an agency’s proposed project in order to recommend 
alternatives or mitigation measures to reduce significant environmental impacts that could 
result from the project.4 


Yet CARB’s release of the RDEA without releasing an Updated Draft Scoping Plan along with 
updated modeling outcomes at the same time undermines meaningful and robust public 
participation. Without the details on the changes that CARB has made to the Draft Scoping 
Plan’s proposed actions, the public lacks the necessary information it needs to know what 
CARB is actually proposing. For instance, although CARB states in the RDEA that it intends 
to achieve the newly proposed carbon removal targets with a “focus on natural and working 
lands [(“NWLs”)] first,” this statement is not enough for the public to know what types of 
reasonably foreseeable responses CARB envisions to remove GHGs from NWLs.5 It is also 
difficult to tell whether CARB is even serious about this priority. CARB only includes these 
targets in Table 2-1 on actions related to AB 32 GHG Inventory Sectors, but does not include 
them in Table 2-2 on actions related to NWL sectors.6 


CARB must release an updated Draft Scoping Plan and modeling outcomes, along with an 
updated draft EA that analyzes the full environmental and health impacts of the proposed 
plan.  


1  Cal. Air Res. Bd, Recirculated Draft Environmental Analysis (Sept. 9, 2022)[hereinafter 
RDEA] at 11, https://ww2.arb.ca.gov/sites/default/files/2022-09/2022-draft-sp-appendix-
b-draft-ea-recirc.pdf.  


2  RDEA at 17-19 (Table 2-1 & 2-2); RDEA at 20-40. 
3  Cal. Pub. Res. Code § 21000; Cal. Code Regs. tit. 14, § 15201. 
4  Cal. Code Regs. tit. 14, § 15204. 
5  RDEA at 11. 
6  RDEA at 18. 


Response: All of the actions for the Scoping Plan Scenario as described in Chapter 2 of the 
Final 2022 Scoping Plan were analyzed in the Recirculated Draft EA (see also actions 
referenced in Tables 2-1 and 2-2 of the Recirculated Draft EA). These actions for the AB 32 
GHG Inventory Sectors and natural and working lands were used to disclose the reasonably 
foreseeable compliance responses, and the environmental effects of these reasonably 
foreseeable compliance responses are evaluated in Chapter 4 of the Recirculated Draft EA. 


Consistent with the public disclosure purposes of CEQA, CARB released the Recirculated 
Draft EA and solicited public comment on the Recirculated Draft EA as promptly as possible. 
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Because incorporating input and direction from public comments, the Governor, and 
pertinent new legislation was needed to update the many analyses supporting the plan other 
than the environmental analysis, it was not possible for CARB staff to complete and release 
an updated 2022 Scoping Plan at the precise time the Recirculated Draft EA was released. 
However, as noted above and in the Recirculated Draft EA, all elements of the proposed 
Final 2022 Scoping Plan are included and analyzed in the Recirculated Draft EA and Final EA. 


R19-2: The commenter states, “2. CARB must re-do the RDEA’s alternatives analysis to 
match the scenarios proposed under the Draft Scoping Plan and RDEA. 


Under Title 17, Section 60004.2(a) of the California Code of Regulations, the Scoping Plan’s 
EA must contain “[a] discussion of a reasonable range of alternatives to the proposed project 
[that] could feasibly attain most of the project objectives but could avoid or substantially 
lessen any of the identified significant impacts[].”7 Additionally, CARB must analyze a 
reasonable range of potentially feasible alternatives that will foster informed decision-making 
and public participation.8  


Bewilderingly–and contrary to the law–the draft EA and RDEA alternatives differ from the 
scenarios in the draft Scoping Plan. This discrepancy prevents the public from having access 
to the necessary information to evaluate the relative environmental impacts of the proposed 
scenarios.9 Despite being alerted of this error earlier in the process, CARB continues to be in 
violation of Section 60004.2(a)(5). Furthermore, although CARB included new proposed 
project objectives, project descriptions, and proposed actions, it has failed to incorporate 
any of these changes into its alternatives discussion in the RDEA.  


In particular, CARB included three additional objectives into RDEA, Objectives 21-23, that 
require it to revise the alternatives analysis in order to comply with Section 60004.2(a)(5).10 
For instance, Objective 22 states that it is the goal of the Scoping Plan to describe how to 
equitably achieve vehicle miles traveled (VMT) reductions of 25% per capita below 1990 
levels by 2030 and 30% per capita below 1990 levels by 2045.11 Given this and other new 
objectives, CARB should have but completely failed to discuss whether each proposed 
alternative could feasibly attain them while avoiding or substantially lessening significant 
environmental impacts per Section 60004.2(a)(5).  


Similarly, since CARB has otherwise substantially updated the project description, it must also 
update its alternatives analysis. CARB revised the project description section of the proposed 
scenario to include new information, including: 


• “The addition of offshore wind generation facilities”; 
• Expansion of “reasonably foreseeable responses associated with Natural and 


Working Lands, including: land application of compost to rangelands and 
grasslands; reduced fertilizer use,” among other responses; and 


• “Targets for carbon removal of 20 MMT in 2030 and 1000 MMT in 2045, with focus 
on natural and working lands first.”12 
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CARB included other substantive changes to the actions for the proposed scenario in Tables 
2-1 and 2-2, such as the proposal that 20% of aviation fuel demand will be met by electricity 
or hydrogen in 2045 and offshore wind target of 20 gigawatts by 2045.13  


The substantial changes CARB has made to the proposed scenario will most likely change the 
types and magnitude of environmental and health impacts of this scenario. Given these likely 
changes, CARB should have but fails to revise its discussion on the relative impacts of 
alternatives compared to the proposed alternative. In order to comply with CEQA, CARB 
must re-do the EA’s alternatives analysis so that it compares the relative environmental 
impacts of Alternatives 1-4 as they are proposed in the Draft Scoping Plan and modified in 
the RDEA.  


7 Cal. Code Regs. tit 17, § 60004.2(a)(5) (citing Cal. Code Regs. tit. 14, § 15126.6).  
8 Cal. Code Regs. tit. 14, § 15126.6(a), (f) (lead agencies must consider a reasonable range of 
potentially feasible alternatives that will foster informed decision making and public 
participation).  
9 Cal. Env’t Justice All. (“CEJA”), Comments on Specific Sectors and Greenhouse Gas 
Emission Reduction Measures in the 2022 Draft Scoping Plan (Comment 662 for Draft 2022 
Climate Change Scoping Plan) (June 24, 2022), https://www.arb.ca.gov/lists/com-
attach/4453-scopingplan2022-UjFQM1I5VWdRCAlt.pdf [hereinafter CEJA June 24 Cross-
Sector Comments].  
10  RDEA at 283.  
11  RDEA at 15; 283. 
12  RDEA at 11.  
13  RDEA at 17-20.” 


Response: Please refer to response to comment 670-5.  


R19-3: The commenter states, “3. CARB must consider the Real Zero Alternative 
proposed by the California Environmental Justice Alliance. 


CARB erroneously states that no comments suggested an alternative comprehensive 
approach to meet the State’s long-term GHG emission reduction goals.14 CARB ignores the 
fact that CEJA has proposed the Real Zero Alternative, a comprehensive alternative to reach 
California’s emissions reduction goals, in its June 24 comment letter.15 CARB failed to and 
must analyze the Real Zero Alternative in this EA. 


14  RDEA at 281. 
15  See CEJA June 24 Cross-Sector Comments at Attachment A: Real Zero Alternative – June 


2022.” 


Response: Please refer to response to comment 670-16, noting that Scoping Plan Alternative 
1 and Recirculated Draft EA Alternative A were developed to incorporate suggestions for 
considering an alternative that avoids or minimizes reliance on CCS. 
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R19-4: The commenter states, “4. CARB must not use carbon capture and storage (“CCS,” 
or “CCUS”) or engineered carbon dioxide removal (“CDR”) on any fossil fuel 
infrastructure or bioenergy facilities. 


a. CARB should clarify that SB 905 and SB 1314 prohibit the use of captured CO2 from 
CCS for enhanced oil recovery purposes. 


We are pleased to see CARB recognize in the RDEA that SB 905 would prohibit an operator 
to inject CO2 from a carbon capture, removal, or sequestration project into a Class II injection 
well for enhanced oil recovery (“EOR”) purposes.16 We recommend that CARB also 
acknowledge in the RDEA that SB 1314, also passed and signed into law in 2022, similarly 
prohibits EOR using captured CO2. 


The RDEA discusses the possibility of EOR in conjunction with CCS projects in existing oil 
fields.17 Since SB 905 and SB 1314 are now law, CARB should remove the outdated language 
on the possibility of performing EOR using CCS and CDR, and clarify that such actions are 
prohibited per these two bills. We also recommend that CARB clarify that it will not study the 
environmental impacts of using CCS or engineered CDR for EOR since it is not a reasonably 
foreseeable compliance response to the Scoping Plan. 


16  RDEA at 152.  
17  RDEA at 152.” 


Response: SB 905 and SB 1314 were signed into law subsequent to the release of the 
Recirculated Draft EA. SB 905 and SB 1314 prohibit an operator from injecting a 
concentrated carbon dioxide fluid produced by a carbon dioxide capture, removal, or 
sequestration project into a Class II injection well for purposes of enhanced oil recovery, 
including the facilitation of enhanced oil recovery from another well. CARB’s analysis of the 
environmental impacts of CCS and engineered CDR in the Recirculated Draft EA is not 
specific to enhanced oil recovery projects.   


No changes to the Recirculated Draft EA are required in response to this comment.  


R19-5: The commenter states, “b. CCS must not be used on other fossil fuel infrastructure, 
including refineries and power plants, or on bioenergy facilities. 


Proposed CCS projects for California include (1) post-combustion CCS for refineries and gas-
fired power plants, (2) pre-combustion CCS for IGCC power plants including BECCS plants, 
and (3) oxy-combustion CCS for bioenergy facilities. As our organizations have previously 
commented, CARB must not use CCS on any fossil fuel infrastructure, such as refineries and 
power plants. CCS must not be used to extend the life of California’s fossil fuel infrastructure. 
In particular, our organizations have demonstrated the infeasibility and high costs of installing 
CCS technology on refineries in California.18 CCS may only be appropriate to consider for 
processes and end uses that cannot be served by non-emitting alternatives. 
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Therefore, we are deeply concerned that CARB now proposes to rely on “dispatchable zero-
carbon resources such as Allam-Cycle CCS technology,” as well as categorize this technology 
as a renewable energy source.19 CARB’s proposal to count Allam-Cycle CCS technology as 
renewable energy is completely unsupported and in error. Promotional materials, scientific 
analyses and the technology’s manufacturer itself all assert that the Allam-Cycle is a “novel 
natural gas power plant design that can theoretically capture 100 percent of emissions.”20 On 
its face, Allam-cycle is not a “zero-carbon” resource, as it does not account for methane 
leakage into the atmosphere during the production and transporting of natural gas to the 
power plant or the potential leakage of stored carbon after it has been captured.21 
Additionally, there is only one plant, a 50 MW test facility in Texas, that has currently 
operated using Allam-Cycle, so whether it can capture 100% of on-site emissions at a larger 
scale remains unknown.22  


Furthermore, Allam-Cycle is a design for new power plants, not for modification of existing 
facilities. According to its manufacturer, it involves an innovative technique of “burning 
natural gas with pure oxygen” (oxy-combustion), fed through a high-pressure system to a 
new, specially-sized turbine, and equipped with both a recuperative process and a CO2 
disposal method.23 Because it is an entirely new design, it requires the construction of new, 
complex gas-fired power plants and cannot be retrofitted onto existing power plants.24 


In sum, CARB should delete any reference to the Allam-Cycle in the RDEA. This CCS 
technology is not “zero-carbon” and its use would require the construction of new gas-fired 
generation in order to “theoretically” capture carbon, an unproven contention at the utility-
scale.  


Additionally, CARB must not use CCS on bioenergy facilities, as they pose significant 
environmental, public health, and climate risks and impacts. See additional discussions in 
Sections 5 and 6.25 


18  See Cal. Env’t Justice All. (“CEJA”), Comments on Specific Sectors and Greenhouse Gas 
Emission Reduction Measures in the 2022 Draft Scoping Plan (Comment 668 for Draft 
2022 Climate Change Scoping Plan) (June 24, 2022), at 20-29, 
https://www.arb.ca.gov/lists/com-attach/4459-scopingplan2022-
UDMAY1Y9V2VQCQBk.pdf.  


19  RDEA at 20-21. 
20  David Yellen, Carbon Capture and the Allam Cycle: The future of electricity or a carbon 


pipe(line) dream?, Atlantic Council (May 21, 2020) [hereinafter Yellen 2020], 
https://www.atlanticcouncil.org/blogs/energysource/carbon-capture-and-the-allam-cycle-
the-future-of-electricity-or-a-carbon-pipeline-dream/; see also NET Power, The Four Steps 
to Advanced Clean Energy: How NET Power Technology Works (2021)[hereinafter NET 
Power, The Four Steps to Advanced Clean Energy], https://netpower.com/technology/.  


21  See Raghav Chaturvedi et al., CO2 Sequestration by Allam Cycle, Senior Design Reports, 
University of Pennsylvania 123 (April 20, 2021), 
https://repository.upenn.edu/cgi/viewcontent.cgi?article=1135&context=cbe_sdr. 


22  See Yellen 2020.  
23  See NET Power, The Four Steps to Advanced Clean Energy.  
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24  Karl M. Bandilla, Future Energy (Third Edition) – Improved, Sustainable and Clean 
Options for Our Planet. Chapter 31 – Carbon Capture and Storage, 669, 688 (2020) 
https://www.sciencedirect.com/science/article/pii/B9780081028865000311?via%3Dihub.  


25  This letter incorporates by reference the comment submitted by the Center for Biological 
Diversity to Liane M. Randolph. Ctr. for Biological Diversity, Re: Center for Biological 
Diversity Comments on Draft 2022 Scoping Plan Update (June 24, 2022), 
https://www.arb.ca.gov/lists/com-attach/4347-scopingplan2022-
U2FTZwZYVTYBMVIN.pdf. Pages 24-34 refer specifically to CCS and BECCS.” 


Response: Please refer to response to comment R26-3 regarding Allam-Cycle CCS 
technology. No new gas-power plant capacity, in any form, was implemented as a modeling 
constraint consistent with the CARB Board direction and Governor Newsom’s request. 


R19-6: The commenter states, “5. CARB must not count bioenergy carbon capture and 
storage (“BECCS”) toward the proposed carbon removal targets. 


CARB briefly states in the RDEA that it is setting new targets for carbon removal of 20 MMT 
in 2030 and 100 MMT in 2040 in the revised Scoping Plan, “with focus on natural and 
working lands first.”26 However, as described above, the RDEA does not provide the 
necessary information on how CARB will achieve these ambitious carbon removal targets. 
This is problematic because the Draft Scoping Plan indicates that the potential for carbon 
dioxide removal (“CDR”) is limited, equating to ~1-2 MMT CO2e in 2030,27 compared to the 
proposed target to remove 20 MMT by 2030. Furthermore, CDR that is achieved through 
“natural” versus “engineered” methods have significantly different risks and impacts. It is 
imperative that CARB in the RDEA addresses how CDR targets will be met and assess the 
differential impacts of natural and engineered CDR methods.  


For example, CDR through “natural carbon sequestration” occurs via CO2 uptake and 
storage by vegetation and soils in ecosystems and other NWLs. Key “natural” CDR methods 
include the protection of forests, shrublands, wetlands, and other ecosystems that act as 
enormous carbon storehouses that pull CO2 out of the air, in addition to providing many 
other benefits such as wildlife habitat, recreation, flood and erosion control, and clean air and 
water.28  


On the other hand, “engineered” CDR are CO2 removal methods using machinery and 
chemicals, such as direct air capture with CCS (“DACCS”) which is in its infancy, very energy-
intensive, and costly. The Draft Scoping Plan also includes BECCS as a CDR method,29 
although BECCS has not proven to be carbon negative and poses significant risks to public 
health, safety, ecosystems, and the climate.  


In particular, we caution that CARB must not count BECCS as a means of achieving CDR 
targets. BECCS is often incorrectly promoted as being carbon negative, meaning that 
proponents claim it will remove CO2 from the atmosphere. This claim is often based on the 
inaccurate belief that biomass energy is carbon neutral, though this belief has been 
thoroughly debunked.30 Substantial CO2 emissions and co-pollutants are emitted throughout 
the BECCS lifecycle, as shown in Figure 1. Upstream emissions are released from cutting 
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trees and other vegetation which ends their carbon storage and sequestration; use of 
fertilizers and pesticides after cutting; transporting biomass in trucks; and processing biomass 
through chipping and drying. As detailed elsewhere in these comments, incinerating biomass 
is highly polluting and only some CO2 and co-pollutants would be diverted from the 
smokestack through CCS, leading to a net increase in pollution, in addition to the substantial 
risks of leakage back to the atmosphere.  


The IPCC has also concluded that BECCS is not necessary to meet the 1.5°C Paris 
Agreement climate target. Instead, pathways with the best chance of limiting heating to 
1.5°C require a rapid phaseout of fossil fuels along with limited CDR by natural sources such 
as reforestation and enhanced soil remediation. These pathways make no use of CCS.31 


Figure 1: CO2 and co-pollutant emissions from the BECCS life cycle. Source: Fern 2022. 


 


26  RDEA at 11.  
27  Cal. Air Res. Bd, Draft 2022 Scoping Plan Update (May 10, 2022) [hereinafter Scoping 


Plan] at 75, https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf, .  
28  William R. Moomaw et al., Intact forests in the United States: Proforestation mitigates 


climate change and serves the greatest good, 2 Frontiers in Forests and Global Change 
27 (2019), https://doi.org/10.3389/ffgc.2019.00027; Beverly E. Law et al., Creating 
strategic reserves to protect forest carbon and reduce biodiversity losses in the United 
States, 11 Land 721 (2022), https://doi.org/10.3390/land11050721.  


29  Scoping Plan at 75.  
30  Climate Action Network Int’l, Position: Carbon Capture, Storage, and Utilisation (January 


2021), https://climatenetwork.org/resource/can-position-carbon-capture-storage-and-
utilisation/; John Sterman et al., Does wood bioenergy help or harm the climate?, 78 
Bulletin of the Atomic Scientists 128 (2022), 
https://doi.org/10.1080/00963402.2022.2062933; Fern, Six problems with BECCS (2022), 
https://www.fern.org/fileadmin/uploads/fern/Documents/2022/Six_problems_with_BECC
S_-_2022.pdf [hereinafter Fern 2022].  


31  See Low Demand (LD) Pathway in IPCC Sixth Assessment Report at Figure 3.7 (IPCC, 
Climate Change 2022: Mitigation of Climate Change, Contribution of Working Group III 
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to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change 
(2022), doi: 10.1017/9781009157926); see also Pathway 1 in IPCC Global Warming of 
1.5°C Report at 14, Figure SPM 3b (IPCC, Global Warming of 1.5°: An IPCC Special 
Report on the impacts of global warming of 1.5°C above pre-industrial levels and related 
global greenhouse gas emission pathways in the context of strengthening the global 
response to the threat of climate change, sustainable development, and efforts to 
eradicate poverty (2018)).” 


Response: Please refer to Master Response 3 and response to comment 566-15 regarding 
the role of CDR and CCS in achieving the carbon removal targets in the 2022 Scoping Plan.  


Regarding differentiation of natural CDR methods, as described in Chapter 2 of the 2022 
Scoping Plan, for natural and working lands (NWL), CDR includes the net increase in long 
term carbon stocks across various landscape types. Based on CARB’s NWL analysis, urban 
forests and grasslands are one of the few landscapes that are projected to increase in carbon 
stocks over time. Forests, shrublands, and sparsely vegetated lands are projected to 
decrease in carbon stocks while croplands and wetlands are projected to be a net emitter of 
GHGs. The impacts of the NWL management actions in the Scoping Plan Scenario are 
discussed in the 2022 Scoping Plan Chapters 2, 3, and 4 and in the Recirculated Draft EA. 
Regarding the commenter’s point related to use of fertilizers and pesticides after cutting 
trees, it should also be noted that fertilizer use in forests is extremely rare in California so the 
emissions from fertilizer production would be insignificant, and the impacts of pesticides on 
soil emissions is not well understood currently. 


R19-7: The commenter states, “a. CARB must evaluate air pollution impacts across the 
CCS lifecycle. 


CARB must evaluate air pollution impacts across the lifecycle of CCS systems, including 
emissions during the construction of new CCS infrastructure, the modification of existing 
infrastructure, and the operation and maintenance of CCS equipment. Air pollution across 
the CCS life cycle comes from several main sources, all of which must be evaluated: (1) the 
industrial facility, (2) the site of CO2 injection, (3) upstream, and (4) CO2 transport. At the 
industrial facility, CCS operations emit air pollution during the energy-intensive capture and 
compression of CO2. At the site of injection, air pollution is emitted during the process of 
pumping the CO2 underground for storage and other purposes. Upstream pollution comes 
from the extraction, processing, and transport of the additional fuel needed to power the 
CCS equipment, which can be considerable.  


CARB must also analyze the air pollution that will be emitted from the transport of CO2 
between industrial facilities where CO2 is captured and injection sites. CO2 transport by 
trucks, rail or barge could significantly increase air pollution, especially when there are large 
distances between industrial facilities which are spread across the state, and injection sites 
which are targeted for the Central Valley. CO2 transport by pipeline also poses significant air 
pollution risks due to inevitable pipeline leaks and blow-outs that would release co-injected 
air pollutants like hydrogen sulfide.33  
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Given the evidence presented below and real-world consequences for vulnerable 
communities across the state, CARB must conduct a comprehensive, rigorous analysis of the 
short-term and long-term impacts of CCS on air pollution and related health harms, which are 
likely to be substantial. 


33  Cong. Rsch Serv., Carbon dioxide pipelines: Safety issues (2022), 
https://crsreports.congress.gov/product/pdf/IN/IN11944; Pipeline Safety Trust, Accufacts’ 
Perspectives on the State of Federal Carbon Dioxide Transmission Pipeline Safety 
Regulations as it Relates to Carbon Capture, Utilization, and Sequestration within the U.S. 
(2022), https://pstrust.org/wp-content/uploads/2022/03/3-23-22-Final-Accufacts-CO2-
Pipeline-Report2.pdf.” 


Response: Please refer to response to comment R19-9.  


R19-8: The commenter states, “b. CARB must analyze the key factors that determine the 
types and amounts of air pollution emitted by CCS operations. 


CCS operations can emit a wide array of criteria air pollutants and hazardous air pollutants, 
all of which should be evaluated by CARB due to their public health harms. CARB must 
analyze key factors that determine the types and amounts of air pollution emitted by CCS 
operations, including: (1) the type of CCS (e.g., post-combustion, pre-combustion, oxy-
combustion); (2) the type of facility (e.g., refinery, bioenergy power plant, gas-fired power 
plant, oil and gas operation, cement plant); (3) the energy penalty of CCS; (4) the percentage 
of facility emissions covered by CCS; (5) the pollution control equipment being proposed; 
and (6) the real-world performance of CCS equipment and pollution control equipment.” 


Response: Please refer to Master Response 3 regarding use of CCS and CDR generally and 
associated air pollutant emissions; response to comment R19-9 regarding the energy penalty 
of CCS; responses to comments R19-10 and R33-6 regarding emissions covered by CCS; and 
response to comment R26-5 regarding performance of CCS projects. 


R19-9: The commenter states, “c. The energy penalty of CCS is a key factor that can 
significantly increase air pollution at the facility, at the site of CO2 injection, and 
upstream. 


CCS operations are energy-intensive because they require large amounts of energy to 
capture, compress, transport, and inject carbon underground. CCS uses an estimated 15% to 
25% more energy to produce the same amount of power as a conventional plant, called the 
“energy penalty.”34 Because CCS uses more energy, CCS facilities emit more non-CO2 air 
pollutants and cause higher upstream pollution from the extraction, processing, and 
transport of the additional fuel that is needed than non-CCS projects. This results in more 
fine particulate matter, NOx, SOx, ammonia, hazardous volatile organic compounds (VOCs), 
and other toxic pollutants that threaten the health of nearby communities. For example, a 
Stanford study that examined the total lifecycle costs of carbon capture from a coal plus CCS 
power plant, including emissions resulting from the energy penalty, found that CCS “reduces 
only a small fraction of carbon emissions, and it usually increases air pollution.”35 
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34  Climate Action Network Int’l, CAN Position: Carbon Capture, Storage, and Utilisation at 9 
(2021), https://climatenetwork.org/resource/can-position-carbon-capture-storage-and-
utilisation/.  


35  Taylor Kubota, Stanford Study casts Doubt on Carbon Capture, Stanford News, Oct. 25, 
2019, https://news.stanford.edu/2019/10/25/study-casts-doubt-carbon-capture/, citing 
Mark Z. Jacobson, The health and climate impacts of carbon capture and direct air 
capture, 12 Energy Env’t Sci. 3567 (2019), https://doi.org/10.1039/C9EE02709B.” 


Response: CARB agrees that energy is required to support CCS and the energy per unit of 
electricity produced is higher at a facility with CCS compared to one without CCS. The 
Scoping Plan Scenario provides an illustrative pathway to transition significant demand for 
petroleum fuels to alternatives, such as clean electricity. The Scoping Plan Scenario evaluates 
overall energy demand and, as a statewide planning effort, does not have the granularity to 
analyze plant-level energy demand. However, with the exception of the electricity sector, 
which is estimated using the RESOLVE model, energy demand associated with CCS at 
industrial facilities is accounted for in PATHWAYS.  


The Scoping Plan Scenario’s reduced statewide demand for liquid petroleum fuel or fossil-
based electricity generation outweighs the increased energy associated with CCS to produce 
each gallon of fuel or each MWh of electricity. For example, as the number of zero-emission 
vehicles on California roads increases, there is reduced demand for gasoline and diesel and 
refineries produce lower volumes of liquid petroleum fuels. While the energy to produce 
each gallon of fuel increases to accommodate use of CCS, the overall reduction in energy use 
associated with the reduced fuel production outweighs the minor increase in energy needed 
to run the CCS system.101 Similarly for the electricity sector, as electricity production from 
renewable wind, solar, and other non-combustion fuel technologies increase (supported by 
electricity stored in batteries), electricity production from fossil gas combustion-based 
generation decreases. Although the energy required to produce each MWh of electricity with 
fossil gas increases due to the parasitic load from CCS, overall, the reduction in fossil gas-
combustion MWh also outweighs the increase in energy needed to run the CCS system.102 
The Scoping Plan Scenario includes a 47% reduction in demand for fossil gas for electricity 
generation by 2045 relative to 2022.103 For cement or other industrial processes, the energy 
penalty of CCS will affect the overall energy demand to produce these goods. Shifting 


 
101 California’s electricity grid is getting progressively cleaner as directed by Senate Bill 100 (De Leon, Chapter 
312, Statutes of 2018) and Senate Bill 1020 (Laird, Chapter 361, Statutes of 2022), which establish the target to 
supply 100 percent of retail sales of electricity to California end-use customers with renewable and zero-carbon 
resources. 
102 CCS has been recognized as part of the State’s climate strategy to achieve carbon neutrality through 
Governor Newsom’s directive for CARB to establish CO2 removal and carbon capture targets of 30 MMT in 
2030 and 100 MMT in 2045, as well as in newly-adopted legislation: AB 1279, which states that CARB shall work 
with state agencies to implement a variety of policies and strategies that enable CO2 removal and CCUS 
technologies in California to complement emissions reductions and achieve net zero GHG emissions and a 
reduction in anthropogenic GHG emissions by 85 percent by 2045; and SB 905 directs CARB to establish a 
Carbon Capture, Removal, Utilization, and Storage Program.  
103 See https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx for electric sector 
combusted fuels. 



https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx
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cement production away from coal/coke towards low or zero emissions fuels, along with the 
use of alternative materials to reduce the carbon emissions associated with the chemical 
reactions required to process limestone to produce cement, are expected to offset the 
energy penalty to some extent. Overall, however, the GHG reduction benefits of CCS more 
than offset the comparatively minor energy increases needed to support use of CCS. 
Furthermore, it is important to consider this in the broader context that the 2022 Scoping 
Plan provides dramatic overall reductions in emissions across the state and its sectors. 


CARB acknowledges that there will be emissions associated with injecting CO2 in permanent 
geologic storage facilities and transporting CO2. Transport emissions will decrease along with 
all mobile source emissions as zero-emission technologies displace vehicle and infrastructure 
technologies reliant on liquid petroleum fuels. Emissions associated with injection of CO2 at 
permanent geologic storage facilities are not anticipated to lead to increased impacts 
relative to the existing environmental setting. CARB also acknowledges that there may be 
emissions associated with the upstream activities needed to provide electricity to support 
CCS operations, such as emissions associated with supplying natural gas by pipeline to 
existing power plants. Leaks of all types of gas associated with the gas system are expected 
to be reduced as gas infrastructure is reduced in line with decreases in fossil fuel demand as 
indicated in the Scoping Plan Scenario. CARB’s oil and gas methane regulation104 requires 
leak detection and repair and ambient air monitoring for underground natural gas storage 
facilities. Additionally, the CPUC’s SB 1371 (Leno, Chapter 525, Statutes of 2014) Natural Gas 
Leak Abatement Program implements rules and procedures for commission-regulated 
pipeline facilities that are designed to mitigate leaks and corresponding methane emissions 
from the gas transmission and distribution system.  


In accordance SB 905, CARB will develop a Carbon Capture, Removal, Utilization and 
Storage Program. As described in Master Response 2, a provision within SB 905 does not 
allow for the transport of concentrated carbon dioxide through pipelines until the conclusion 
of a federal carbon dioxide pipeline safety rulemaking. Therefore, at this time, only projects 
that do not need to transport carbon dioxide via pipeline would occur in California, 
particularly in the near term. However, to conservatively disclose the range of potential 
environmental impacts, the Recirculated Draft EA assumed all outcomes and actions 
reflected in the 2022 Scoping Plan are fully realized and not limited by any permitting or 
federal rulemaking processes on pipeline safety regulations. Additional background and next 
steps for CCS can be found in Chapter 4 of the 2022 Scoping Plan.  


The updated air quality modeling for the Scoping Plan Scenario included in Chapter 3 of the 
Recirculated Draft EA, shows reductions in NOx, PM2.5, and ROG that result in significant 
improvements in air pollution, including reductions in concentrations of ground-level ozone 
and PM2.5. These reductions in pollutant exposure have significant corresponding health 
benefits that are shown in Section 4.3 of the Recirculated Draft EA. As described above, if 
the CCS-related energy emissions from the electricity sector were included, CARB staff 
expects it would not result in emissions in excess of the reference (please also refer to Master 


 
104 https://ww2.arb.ca.gov/resources/documents/oil-and-gas-regulation  



https://ww2.arb.ca.gov/resources/documents/oil-and-gas-regulation
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Response 3 regarding the role of CCS in the 2022 Scoping Plan and air quality impacts from 
operation of CCS). 


R19-10: The commenter states, “d. The percentage of facility emissions covered by CCS is 
important. 


Industrial facilities have numerous sources of air pollution, only some of which may be 
covered by CCS equipment, meaning that a large percentage of facility emissions may not be 
covered. For example, for petroleum refineries, catalytic cracking units are often proposed 
for CCS retrofits, while other significant emissions sources are not (e.g., power stations, 
atmospheric distillation units, and steam methane reformers for hydrogen production). In 
addition, refineries have many smaller emissions sources such as boilers, heaters, and flares 
that cumulatively contribute significant emissions but which are considered infeasible or 
impractical to retrofit with CCS.36 The treatment of flared gases using CCS is also considered 
impractical, mainly because of the uncertainty in unplanned flaring (e.g., equipment failures, 
blow downs, or emergency shutdowns). As noted by one recent study, “[t]here is an issue of 
scale and diminishing returns for carbon capture, where including more sources of emissions 
within the refinery in the capture system increases the energy penalty for operating the 
system and decreases the concentration of the CO2 in the emissions stream. This means that 
each additional unit of CO2 captured costs more, in terms of both money and energy, than its 
predecessor.”37 


36  Ben Young et al., Comparative life cycle assessment of carbon capture for petroleum 
refining, ammonia production and thermoelectric power generation in the United States, 
91 Int’l J. of Greenhouse Gas Control 102821 (2019), 
https://doi.org/10.1016/j.ijggc.2019.102821.  


37  Young et al. 2019 at 4.” 


Response: CARB staff agrees in concept that the percentage of covered emissions affects 
the total reductions at a given stationary source, such as a refinery. However, reductions 
resulting from CCS alone should not be viewed in isolation; the overall demand reduction 
associated with reductions in in-state petroleum demand from the 2022 Scoping Plan, 
combined with the other clean technology and fuel transitions in other sectors, provide 
greater corresponding reductions in GHG and local air pollutants compared to the emissions 
reductions at a single facility. The Scoping Plan Scenario reduces liquid petroleum fuel 
consumption by 94 percent between 2022 and 2045, and will result in significant 
improvements in air quality and associated health benefits. Please also refer to response to 
comment 19-9 addressing CCS energy penalty and air quality-related benefits. In addition, 
please refer to response to comment R33-6 addressing application of CCS to emissions units 
at refineries. 
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R19-11: The commenter states, “e. CCS equipment and pollution control equipment do 
not perform in an idealized way in the real world, which can significantly increase air 
pollution. 


Pollution modeling that assumes that CCS equipment and pollution control equipment will 
operate according to idealized specifications ignores the reality of chronic equipment 
malfunctions, flaring and venting, and shutdowns that increase pollution. Real-world 
examples show that CCS projects have consistently over-promised and under-performed on 
capturing emissions. 


For example, seven large-scale CCS projects have been attempted at U.S. power plants, 
each with hundreds of millions of dollars of government subsidies, but all of these projects 
were canceled before completion or shuttered due to technical problems, cost overruns, and 
failure to meet capture targets.38 


In California, Public Records Act documents reveal that pollution control equipment 
frequently fails at bioenergy facilities, many of which are located in vulnerable communities. 
Data reported for 18 bioenergy facilities from 2015-2021 (Figure 2) shows that all facilities 
exceeded their permitted pollution levels—with many facilities having dozens of pollution 
exceedances each year—where a single exceedance can last hours or multiple days.39 


Figure 2. Minimum average number of air pollution exceedances per year for 18 bioenergy 
facilities in California from 2015-2021. Source: Public Records Act documents obtained by 
the Center for Biological Diversity. 


 


38 Cong. Rsch Serv., Carbon Capture and Sequestration in the United States (2022), 
https://sgp.fas.org/crs/misc/R44902.pdf; for example, the utility Southern Company went $5 
billion dollars over budget and three years behind schedule in building a carbon capture 
facility for a coal-fired power plant in Kemper County, Mississippi, before abandoning the 
project in 2017, after passing along many costs to its ratepayers, mostly low-income Black 
residents. 
39 This information is based on the records reported by biomass plants and obtained from air 
districts for the period of 2015-2021. The records for many plants appeared incomplete and 
do not provide a complete picture of excess emissions.” 
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Response: Chapter 2 of the 2022 Scoping Plan discusses the implementation of CCS projects 
globally since the 1970s, with over 100 at the stages of advanced or early development and 
expansion to sectors beyond coal-fired plants to fossil gas, fuel production, and power 
plants.105 The Scoping Plan Scenario includes CCS to address emissions from limited sectors, 
including electricity generation, cement facilities, and refineries to ensure anthropogenic 
emissions are reduced by 85 percent below 1990 levels in 2045 as required by AB 1279. 
Please refer to Master Response 3 and response to comment R19-9 regarding CCS-related 
air pollutant emissions relative to the overall air pollutant emissions reductions in the Scoping 
Plan Scenario.  


In addition to facility energy consumption-related emissions, the commenter also raises the 
issue of excess emissions associated with CCS and with emission control equipment 
malfunctions and breakdowns. Specifically, the commenter states emission control 
equipment frequently fails at bioenergy facilities and provides a bar graph described as 
depicting annual average air pollution exceedances for 18 bioenergy facilities in California 
occurring between 2015 and 2021. Without an examination of the data relied on by the 
commenter, CARB cannot confirm what air pollutants are being labeled as exceedances in 
relation to permitted emission limits. If the information is based on continuous emissions 
monitoring data, then applicable emission limits typically include averaging times and may 
involve different limits and/or exemptions during startup and shutdown periods. Without this 
data and more specific information, CARB cannot cross-check the reason for any potential 
exceedances and if any notices of violation were issued by the local air districts 
corresponding to these potential exceedances. CARB notes that the commenter indicates 
“records for many plants appeared incomplete and do not provide a complete picture of 
excess emissions.” In addition, the Recirculated Draft EA recognizes that biomass power 
generation does emit criteria pollutants and TACs, (see section 3 Air Quality in Chapter 4 of 
the Recirculated Draft EA) but notes that significant increases in the levels of these pollutants 
would be regulated through the local air district permitting process, including requirements 
for best available control technology for new and modified equipment. The comment also 
appears to raise policy concerns directed at the appropriateness of relying on carbon capture 
based technologies, rather than raising any issues of potential adverse emissions impacts 
beyond existing environmental conditions. However, for informational purposes, CARB 
responds that SB 905 directs CARB to adopt regulations to implement the Carbon Capture, 
Removal, Utilization, and Storage Program. SB 905 identifies specified components for 
projects, including meeting local air district best available control technology requirements 
and certain monitoring activities, among others. While it is the responsibility of industry to 
meet regulatory requirements, CARB and the local air districts work to ensure that regulated 
industries are aware of, and understand, the requirements of each regulation under their 
jurisdictions. The effectiveness of each regulation depends on industry compliance, and 
enforcement programs are designed to deter noncompliance and to ensure regulated 
industries that have not met regulatory requirements are brought into compliance. 
Furthermore, it is important to recall that the CCS component is not proposed in isolation, 
but rather as part of a project consisting of a broad suite of measures to dramatically reduce 


 
105 Global-Status-of-CCS-2021-Global-CCS-Institute-1121.pdf (globalccsinstitute.com) 



https://www.globalccsinstitute.com/wp-content/uploads/2021/11/Global-Status-of-CCS-2021-Global-CCS-Institute-1121.pdf
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GHG and air pollutant emissions across the state. There is no evidence that the 2022 Scoping 
Plan could actually serve to increase statewide GHG or air pollutant emissions. 


R19-12: The commenter states, “f. Studies on air pollution from CCS types proposed for 
California show that pollution can increase when CCS is added to industrial facilities. 


Proposed CCS projects for California include (1) post-combustion CCS for refineries and gas-
fired power plants, (2) pre-combustion CCS for Integrated Gasification Combined Cycle 
(“IGCC”) power plants, including BECCS plants, and (3) oxy-combustion CCS for bioenergy 
facilities. Although there are significant data gaps on air pollution from CCS, current studies 
indicate that pollution can increase when CCS is added to industrial facilities, as detailed 
below. 


i. Post-combustion CCS on refineries and gas-fired power plants creates pollution 
increases. 


Post-combustion CCS is being proposed in California, particularly to retrofit refineries and 
gas-fired power plants. A 2019 study examined the cradle-to-gate life cycle environmental 
impacts of amine-solvent-based post-combustion carbon capture systems on U.S. petroleum 
refineries and gas combined cycle power plants.40 Importantly, for refineries, the study 
concluded that NOx, SO2, and fine particulate matter pollution increase at the refinery 
facility, upstream, and at the site of CO2 injection when CCS is added, as shown in Figure 3 
below. For gas-fired power plants, NOx increases at the facility, upstream, and at the site of 
CO2 injection, while SO2 and fine particulate matter increase upstream and at the site of CO2 
injection when CCS is added. 


These increases in air pollutants occur even after factoring in the reductions in SO2 and NOx 
in the flue gas that must occur before the gas is sent to the carbon capture equipment to 
avoid contamination of the capture solvent. For example, the study explains that NOx shows 
a net increase at the facility for refineries and gas-fired power plants, even though NOx is 
reduced in the flue gas, because of the increased NOx emissions from the combustion of 
fuels to operate the capture system.41 


In addition, there are significant upstream NOx emissions from gas processing for facilities 
that use fossil gas to provide heat for carbon capture. The study notes that petroleum 
refineries with CCS have the highest life cycle impacts with NOx: “Higher NOx emissions 
from combustion, a smaller life cycle impact from reduced NOx scrubbing at the capture 
unit, and a heavy reliance on natural gas fuel result in the highest life cycle impacts at the 
petroleum refinery.”42 The study also highlights that ammonia air emissions can increase at 
post-combustion CCS facilities due to the degradation of the amine solvents.43 
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Figure 3. Changes in emissions of air pollutants for CCS facilities compared to no CCS, per 
kg CO2e abated. Source: Young et al. 2019, at Figure 3. 


 


 


 


ii.  Pre-combustion CCS on IGCC power plants (including at BECCS plants) could increase 
pollution. 


Pre-combustion CCS is being proposed for IGCC power plants including BECCS facilities. 
One review concluded that pollution from IGCC power plants with pre-combustion CCS is 
uncertain and not well-studied: SOx, PM, and NOx could increase or decrease with the 
addition of CCS.44 A 2022 study that modeled bioenergy IGCC plants with pre-combustion 
CCS (i.e., Bio-IGCC-CCS) in California found that PM 2.5 and SOx emissions would increase, 
leading to more pollution-related health harms and mortality.45 Specifically, the study noted 
that “PM2.5 emission increase (+2.5%) suggest[s] potential air quality disbenefit associated 
with the CCS future especially around the Bio-IGCC-CCS power plant locations.” Further, 
“SOx emissions increase in the CCS scenario because the Bio-IGCC plants emit more SOx 
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than other electricity generation processes even though the accompanying CCS section 
removes more than half of the increased SOx.”46 


iii. Oxy-combustion CCS for bioenergy facilities have a high energy penalty and cannot 
be said to reduce pollution. 


“Oxyfuel combustion” or “oxy-combustion” CCS is being proposed as a retrofit for several 
idled bioenergy facilities in the Central Valley. A review of oxyfuel combustion concluded 
that criteria and hazardous air pollutants have not been well studied and there is a “lack of 
attention to potential health effects.”47 The limited data that is available is from “pilot-scale 
studies that reflect only limited conditions and do not encompass the variability in conditions 
that would be encountered at commercial scale.”48 The study further found that air pollution 
control devices may not perform the same in oxy-fired systems as they do in air-fired 
systems, little is known about the formation of hazardous air pollutants in oxy-combustion 
boilers, and “[c]ombustion under oxyfuel conditions could produce emissions posing 
different risks than those currently being managed by the power industry.”49 On top of air 
pollution, these systems generate solid and liquid waste streams that may pose health and 
environmental hazards.  


Importantly, the study also highlighted that oxyfuel combustion has a high energy penalty 
because large amounts of oxygen must be separated from ambient air.50 The auxiliary power 
requirements for oxyfuel combustion may be almost 6 times higher than for conventional air-
fired combustion. This high energy penalty could significantly increase the air pollution from 
oxyfuel combustion CCS. 


iv. BECCS can lead to significant pollution. 


As noted elsewhere, there are at least eight proposed BECCS projects in California. A 2020 
study that modeled pathways to achieve net-zero emissions in California by 2050 concluded 
that the deployment of BECCS would lead to significant air pollution, health harms, and 
pollution-related mortalities in the state, even when BECCS facilities use emission control 
devices that meet California emission standards.51 The study noted that “in the context of air 
quality co-benefits, biomass combustion emits relatively high levels of air pollutants, even 
though all BECCS plants in the scenario are projected to install emission control devices and 
will meet the emission standards in California.”52 The study concluded that BECCS “comes at 
a price as it would emit a considerable amount of air pollutants and reduce health co-benefits 
by 4 billion dollars.”53 Importantly, the study found that replacing BECCS facilities with wind 
and solar would significantly reduce air pollution and avoid 370 PM2.5-related mortalities, as 
shown in Figure 4 below.  


Figure 4. Particulate matter (PM 2.5) reductions from replacing BECCS with solar and wind 
(left panel); pollution-related deaths avoided from replacing BECCS with solar and wind (right 
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panel). Source: Wang et al. 2020, at Figure 4 (where the net zero scenario utilizes BECCS and 
the ADC scenario replaces BECCS with solar and wind). 


 


41  Young et al. 2019 at 7-8.  
42  Young et al. 2019 at 7.  
43  Young et al. 2019 at 7. 
44  Joris Koornneef et al., The impact of CO2 capture in the power and heat sector on the 


emission of SO2, NOx, particulate matter, volatile organic compounds and NH3 in the 
European Union, 44 Atmospheric Env’t 1369 (2010), 
https://doi.org/10.1016/j.atmosenv.2010.01.022.  


45  Yin Li et al., Future emissions of particles and gases that cause regional air pollution in 
California under different greenhouse gas mitigation strategies, 237 Atmospheric Env’t 
118960 (2022), https://doi.org/10.1016/j.atmosenv.2022.118960. 


46  Li et al. 2022 at 4.  
47  Constance Senior et al., Emissions and risks associated with oxyfuel combustion: State of 


the science and critical data gaps, 63 J. of the Air & Waste Mgmt. Ass’n 832 (2013), 
https://doi.org/10.1080/10962247.2013.791892.  


48  Senior et al. 2013 at 841.  
49  Senior et al. 2013 at 832.  
50  Senior et al. 2013.  
51  Tianyang Wang et al., Health co-benefits of achieving sustainable net-zero greenhouse 


gas emissions in California, 3 Nature Sustainability 597 (2020), 
https://doi.org/10.1038/s41893-020-0520-y 


52  Wang et al. 2020 at 600.  
53  Wang et al. 2020 at 597.” 


Response: The Scoping Plan Scenario includes CCS to address emissions from limited 
sectors, including electricity generation, cement facilities, and refineries to ensure 
anthropogenic emissions are reduced by 85 percent below 1990 levels in 2045 as required by 



https://doi.org/10.1016/j.atmosenv.2022.118960

https://doi.org/10.1038/s41893-020-0520-y
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AB 1279. Please refer to Master Response 3 and responses to comments 177-4, R19-9, and 
R19-14 regarding CCS-related air pollutant emissions relative to the overall air pollutant 
emissions reductions in the Scoping Plan Scenario and use of BECCS in the Scoping Plan 
Scenario.  


R19-13: The commenter states, “g. Water quantity and quality impacts of CCS and DAC. 


The RDEA is silent on the impacts to water use and quality from CCS and DAC.54 This is a 
serious flaw and must be corrected before CARB issues the final EA. 


In addition to being a costly and energy intensive process, CCS is also water intensive.55 With 
the addition of CCS, power plant water usage is expected to increase by 33-90% for absolute 
and per net MW basis due to the additional demand for cooling and the carbon capture 
process itself.56 Another study shows that carbon capture through amine absorption, a 
common method, would nearly double the water consumption intensity, thereby posing a 
potentially unsustainable strain on water resources.57 DAC poses an additional threat to 
water supply because it most often uses “blue water,” i.e., freshwater, so it competes with 
other necessary uses of water.58  


CCS may further impact water availability through the risk of groundwater contamination. 
When CO2 is pumped underground, only a small amount can be absorbed by the present 
water given the fact that CO2 is only soluble in water to a limited degree.59 What this means 
is that instead of water absorbing the CO2, it will be displaced by the CO2. The displaced 
water will then be forced to travel either vertically or horizontally, eventually impacting 
overlying freshwater aquifers. Additionally, studies have uncovered several potential impacts 
from the injection of CO2 underground including storage leakage, brine displacement, and 
pH depression.60 Leakage of CO2-rich fluids into groundwater also could mobilize hazardous 
inorganic constituents or trace metals.61  


The RDEA cannot ignore these potentially significant impacts on water quality and quantity 
from promoting CCS and DAC as “solutions” to California’s emissions reductions goals. 
Excluding this critical area of likely impacts renders the RDEA a failed informational 
document. CARB must issue an updated draft EA that adequately discloses and mitigates the 
potentially significant water use and quality impacts of CCS and DAC. 


54  RDEA at 176. 
55  Lorenzo Rosa et al., Hydrological limits to carbon capture and storage, 3 Nature 


Sustainability 658 (2020), https://doi.org/10.1038/s41893-020-0532-7.  
56  EPRI, Cooling Requirements and Water Use Impacts of Advanced Coal-fired Power Plants 


with CO2 Capture and Storage (2011), https://www.epri.com/research/products/1024495.  
57  Haibo Zhai et al., Water use at pulverized coal power plants with post-combustion carbon 


capture and storage, 45 Env’t Sci. & Tech. 2479 (2011), dx.doi.org/10.1021/es1034443.  
58  Lorenzo Rosa et al., The water footprint of carbon capture and storage technologies, 138 


Renewable and Sustainable Energy Revs. 110511 (2021), 
https://doi.org/10.1016/j.rser.2020.110511.  
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59  V. Kennedy, This sounds like an eco-friendly solution, but it’s really a bad idea, Modesto 
Bee, July 31, 2022, https://www.modbee.com/article263904387.html#storylink=cpy.  


60  Robert L. Newmark et al., Water challenges for geologic carbon capture and 
sequestration, 45 Env’t Mgmt. 651 (2010), https://doi.org/10.1007/s00267-010-9434-1; 
Elizabeth H. Keating et al., The challenge of predicting groundwater quality impacts in a 
CO2 leakage scenario: Results from field, laboratory, and modeling studies at a natural 
analog site in New Mexico, U.S.A., 4 Energy Procedia 3239 (2011), 
https://doi.org/10.1016/j.egypro.2011.02.242.  


61  Keating 2011.” 


Response: Please refer to response to comment R18-2. 


R19-14: The commenter states, “h. CARB fails to analyze the environmental impacts of 
BECCS. 


CARB recognizes in the RDEA that a “reasonably foreseeable consequence” of the Scoping 
Plan is “construction of new facilities and modifications to existing facilities,” including 
“biomass processing and bioenergy facilities.” However, CARB makes a serious omission by 
failing to analyze—and subsequently mitigate—the environmental and health impacts of 
BECCS. At the time of this letter, eight of the 13 known, proposed CCS projects are BECCS. 
(See Figure 5, below.)62 For the RDEA not to include bioenergy and BECCS renders the 
RDEA a failed informational document that does not provide an accurate picture of either the 
State’s current or possible future GHG emissions. And because all eight of the proposed 
BECCS projects are located in California’s Central Valley—many adjacent to environmental 
justice communities—the RDEA fails its role to identify substantial adverse impacts and to 
recommend mitigation measures.  


While CARB alludes to BECCS, this roundabout reference is simply not enough.63 In 
considering the bioenergy industry broadly, CARB acknowledges that “proposed actions 
under this measure could also result in the siting and development of new, or the expansion 
of existing, regional facilities to process increased volumes of compost or biomass 
feedstock.”64 But the RDEA does not put these pieces together in recognition of the 
substantial proposed BECCS build-out in the State.  


As a foundational matter, it is important to note that electricity from bioenergy is wrongly 
considered “clean” or “renewable.” Making electricity and fuels from cutting and 
incinerating trees and other biomass is highly polluting for the climate, harmful to public 
health, damaging to wildlife and forest ecosystems, and expensive.  


In particular, burning wood to generate electricity emits more CO2 per kilowatt-hour than 
what is generated from fossil fuels, including coal.65 As a result, biomass power plants are 
much more climate polluting than other electricity sources in California. According to CARB’s 
own data from 2018, the GHG emissions for California’s biomass facilities range from around 
2,500 to over 19,000 lbs CO2e per net MWh, and average 3,500 pounds CO2e/MWh for non-
cogeneration facilities (See Figure 6, below.)66 
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Biomass energy generation in California emits more than 1.5 times the carbon pollution 
compared to coal-fired power per unit of electricity—and almost four times the carbon 
pollution of gas-generated power.67 (See Figure 6.) This is because incinerating trees is a 
remarkably inefficient way to generate electricity, resulting in high carbon emissions and high 
costs of production.68 In contrast, solar and wind energy provide virtually carbon free sources 
of power production.  


Despite the substantial carbon pollution from biomass power, proponents erroneously claim 
that cutting and incinerating trees is inherently “carbon neutral”—that it does not cause net 
GHG emissions.69 Published scientific research has thoroughly debunked this false claim. 
Cutting and burning trees for bioenergy releases their stored carbon to the atmosphere, 
immediately increasing CO2 emissions and ending trees’ future carbon sequestration, 
creating a “carbon debt.”70 


BECCS takes the harms of bioenergy and adds unproven and dangerous CCS technologies. 
Proponents claim that these projects are carbon neutral or carbon negative, but this is false. 
BECCS projects have failed to show that they are carbon neutral or negative. Instead, 
substantial emissions are produced throughout the process—from cutting trees and other 
biomass with machinery to transporting the biomass in trucks to drying and processing it. On 
top of that, there are smokestack emissions from biomass incineration, only some of which 
may be diverted by CCUS. Research has concluded that BECCS can have negative impacts 
on the climate, food security, biodiversity, forest ecosystems, water use, and land use 
rights.71 The IPCC concluded that BECCS poses risks to air quality, water, soil, resilience, 
livelihoods, food security, and biodiversity.72 


The proposed BECCS projects are not necessary to aid in California’s energy generation, nor 
are they part of the path for the State to reduce its GHG emissions. Further, all eight 
proposed BECCS projects are proposed for California’s Central Valley. Many of these 
projects would be located adjacent to or near communities already overburdened by 
pollution. This is the wrong direction for California, and entirely ignored in the RDEA.  


Figure 5. Map of proposed carbon capture and storage projects (including BECCS) in 
California. Source: Center for Biological Diversity, informed by company press releases, FOIA 
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and PRA documents, and information provided by EPA Region 9. Source: 
biologicaldiversity.org/ca_ccs_map. 


 


Figure 6. Biomass power plant emissions and average carbon emissions of California 
electricity sources. Source: Center for Biological Diversity (see data sources in Footnotes 66 
& 67). 


 


62  See Ctr. for Biological Diversity, Carbon Capture and Storage Projects, 
https://center.maps.arcgis.com/apps/View/index.html?appid=07a2bc0121e54b4f8893bf5
3eccf74ea (July 5, 2022)  


63  See RDEA at 21, footnote 4: “[F]irm dispatchable resources could include Allam-Fetvedt 
Cycle (AFC) CCS, which burns a gaseous carbon-based fuel (e.g., natural gas, gasified 
solid fuels such as biomass) and pure oxygen in a combustor, along with use of recycled 
supercritical CO2 that is heated in the oxyfuel combustor … Some CO2 is recycled back to 
the heat exchanger for heating and entering back into the combustor; the remaining 
high-purity CO2 can be transported for use or subsurface storage.”  


64  RDEA at 31.  







2022 Scoping Plan 
Response to Comments   Responses to Comments 


330 


65  Sterman et al. 2022.  
66  Total CO2e emissions for each facility in 2018 come from California Air Resources Board 


Mandatory GHG Reporting Emissions data, available at, https://ww2.arb.ca.gov/mrr-data. 
Data on net MWh produced by each facility in 2018 come from the California Energy 
Commission California Biomass and Waste-To-Energy Statistics and Data, available at 
https://ww2.energy.ca.gov/almanac/renewables_data/biomass/index_cms.php. Total 
CO2e produced by the 9 electricity only, non-cogeneration active woody and agricultural 
biomass facilities with available data totaled 2,127,693 metric tons, and net MWh in 2018 
from these 9 facilities totaled 1,334,346 MWh, for an average of 1.59 metric tons CO2e 
per net MWh, equal to 3,515 pounds CO2e per net MWh. The average of 3,515 pounds 
CO2e per MWh includes electricity-only plants; cogeneration plants are excluded because 
some of their CO2 emissions are from heat-related fuel consumption. The high CO2e rate-
per-MWh is similar for biomass facilities without cogeneration. Of note, California’s 
Emission Performance Standards (SB 1368 (Perata 2006), codified at Division 4.1 Cal. Pub. 
Util. Code § 8341(a) and CPUC, “Order Instituting Rulemaking to Implement the 
Commission's Procurement Incentive Framework and to Examine the Integration of 
Greenhouse Gas Emissions Standards into Procurement Policies,” at § 5, Decision 07-01-
039 (Jan. 25, 2007)) sets the ceiling of GHG emissions for electricity producers at 1,100 
lbs per MWh—meaning far below what biomass facilities emit. The EPS, however, in a 
bizarre exemption, does not require that most of the bioenergy facility’s provide 
information on their GHG emissions in order to sell electricity.  


67  Overall average GHG Intensity of electricity generation in California comes from California 
Air Resources Board, 2000- 2018 Emissions Trends Report Data (2020 Edition), 
https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2018/2000_2018_ghg_inventory
_trends_figures.xlsx; average CO2 emissions per MWh for gas and coal in the United 
States in 2019 are from U.S. Energy Information Administration, “How much carbon 
dioxide is produced per kilowatt hour of U.S. electricity generation?”, 
https://www.eia.gov/tools/faqs/faq.php?id=74&t=11.  


68  Sterman et al. 2022.  
69  Sterman et al. 2022.  
70  Sterman et al. 2022. 
71  Vera Heck et al., Biomass-based negative emissions difficult to reconcile with planetary 


boundaries, 8 Nature Climate Change 151 (2018), https://doi.org/10.1038/s41558-017-
0064-y; Yoshiki Yamagata et al., Estimating water-food-ecosystem trade-offs for the 
global negative emission scenario (IPCC-RCP 2.6), 13 Sustainability Science 301 (2018), 
https://doi.org/10.1007/s11625-017-0522-5.  


72  IPCC, Climate Change 2022: Mitigation of Climate Change. Contribution of Working 
Group III to the Sixth Assessment Report of the Intergovernmental Panel on Climate 
Change (P.R. Shukla et al. eds. 2022) at 5-8, Figure 7.11.” 


Response: The actions for the Scoping Plan Scenario to achieve the CDR and CCS targets, as 
described in the project description in Chapter 2 of the Recirculated Draft EA, were modeled 
to include BECCS. The actions associated with BECCS, which may include activities such as 
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biomass feedstock collection, conversion of biomass into bioenergy106, and subsequent CO2 
capture, transport, and storage are described in Chapter 2 of the Recirculated Draft EA in 
the reasonably foreseeable compliance responses associated with increasing renewable 
energy actions (e.g., facilities including solid-fuel biomass and biogas), low carbon fuels 
actions (e.g., gasification units, anaerobic facilities), expansion of electrical infrastructure 
actions, and mechanical CDR and CCS actions. The potential environmental impacts 
associated with these compliance responses are described throughout Chapter 4 of the 
Recirculated Draft EA.  


Please refer to Master Response 3 regarding the air pollutant emissions associated with use 
of CCS. In addition, the Recirculated Draft EA recognizes that biomass power generation 
does emit criteria pollutants and TACs, (see section 3 Air Quality in Chapter 4 of the 
Recirculated Draft EA) but notes that significant increases in the levels of these pollutants 
would be regulated through the local air district permitting process, including requirements 
for best available control technology for new and modified equipment. However, for 
forest/agricultural biomass used to generate hydrogen, the Scoping Plan Scenario modeling 
only includes gasification technology (not direct combustion) is utilized with CCS; therefore, 
the associated criteria pollutants and toxic air pollutants would be lower than conventional 
combustion of solid biomass cited by the commenter. For example, a 2019 Gas Technology 
Institute study performed a site-specific engineering design study focused on how an existing 
woody biomass power plant can be converted to a renewable natural gas facility using 
gasification of woody biomass. The study showed environmental benefits including reducing 
criteria pollutants by about 99 percent.107 CARB staff’s biomass availability analysis identified 
where it was socially beneficial to mobilize forest/agricultural residues for energy use, 
because the local air pollutant and health impacts of the alternate fate of burning these 
biomass residues in place would have been higher in comparison. Therefore, the Scoping 
Plan Scenario proposes a technology and fuel pathway for biomass that is expected to result 
in less criteria and toxic air pollutant impacts than the Reference Scenario (i.e., business-as-
usual if the 2022 Scoping Plan was not implemented).  


Regarding the commenter’s contentions about the respective carbon intensity of biomass-
fueled power generation compared to coal-fueled power generation, the comment ignores 
the crucial broader context of carbon cycles, including the fact that coal-derived CO2 is 
purely additive to global carbon levels, while agriculture or forest biomass-derived CO2 is 
part of the terrestrial carbon cycle. 


 
106 The application of BECCS is not limited to the use of solid organic waste biomass, and can also be paired 
with other sources of biogenic CO2 (e.g., CO2 generated by microbes during the process of fermentation and 
anaerobic digestion). 
107 The DTE biomass power plant in Stockton was the host site for a Gas Technology Institute engineering 
design study to retrofit an existing woody biomass power plant into a renewable natural gas (RNG) facility 
producing approximately 3 billion cubic feet of RNG annually. This RNG facility received a carbon intensity 
score of 17 gCO2e/MJ. The majority of GHG emissions from the life cycle assessment were from electricity use 
for the woody waste gasification and syngas clean-up. https://www.gti.energy/wp-
content/uploads/2019/02/Low-Carbon-Renewable-Natural-Gas-RNG-from-Wood-Wastes-Final-Report-
Feb2019.pdf 
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R19-15: The commenter states, “7. CARB must conduct a separate, comprehensive 
environmental analysis in its future rulemaking per SB 905, and require project-level 
environmental impact reports for potential CCS & engineered CDR projects. 


SB 905 requires CARB to create a Carbon Capture, Remove, Utilization, and Storage 
Program to evaluate the efficacy, safety, and viability of CCS and engineered CDR projects, 
as well as to ensure that these projects minimize air, water, and noise pollution, and gas 
leakage impacts, among others.73 SB 905 also requires CARB to adopt a unified permit 
application for the construction and operation of CCS and CDR to expedite the issuance of 
these permits.74  


We expect CARB to conduct a future rulemaking process on CCS and CDR that includes a 
comprehensive analysis of the environmental impacts of implementing these technologies. 
CARB must also not allow project proponents to tier from any program EA by CARB, and 
instead require project-level environmental impact reports for potential CCS and CDR 
projects. Each potential project presents a unique technological, geological, environmental, 
and socioeconomic context. The public and relevant agencies can only gain an accurate and 
full extent of the environmental and health impacts of a project, and be able to provide 
meaningful participation and decision-making through individual environmental review and 
public process. 


73 Cal. Pub. Res. Code § 39741.1.  
74 Cal. Pub. Res. Code § 39741.2.” 


Response: The comment relates to a future statutorily-mandated program that is not itself 
part of the 2022 Scoping Plan. The comment does not raise significant environmental issues 
related to the analysis in the Recirculated Draft EA and does not require a written response 
under CARB’s certified regulatory program implementing CEQA.  


While not relevant to the Recirculated Draft EA prepared for the 2022 Scoping Plan, CARB 
notes that under the referenced statutory program, CARB’s two primary tasks are to: 


(1) Perform evaluations relating to the “efficacy, safety, and viability” of CCUS and 
CDR technologies, and develop reporting requirements and regulations for minimizing 
risks from such projects;108 and 


(2) Develop “regulations for a unified permit application for the construction and 
operation of carbon dioxide capture, removal, or sequestration projects to expedite 
the issuance of permits or other authorizations for the construction and operation of 
those projects. The unified permit application shall solicit from applicants, and direct 
to all relevant state agencies, all information needed to obtain permits and other 
authorizations from relevant state and local agencies necessary for the construction 


 
108 See proposed Health and Safety Code, section 39741.1(a). 
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and operation of a carbon dioxide capture, removal, or sequestration project. An 
applicant’s use of the unified permit application shall be optional.”109 


The bill also makes clear that “[t]he unified permit application developed by the state board 
pursuant to subdivision (a) is for the purpose of efficiency but shall not displace the role of 
individual permitting agencies and shall not eliminate, abridge, or reduce the review or 
issuance of the individual permits covered by the application by the respective agencies.”110 
The bill’s text therefore does not shift permitting or environmental review responsibility to 
CARB, as the projects would remain under the jurisdiction of their existing individual 
permitting agencies, and are subject to existing criteria established by those agencies and by 
existing state law. 


R19-16: The commenter states, “8. CARB must directly reduce emissions via an explicit 
plan to phase out oil and gas extraction by 2035 at the latest, and analyze the 
environmental impacts of this action. 


CARB, in the RDEA, relies upon the assumption that oil and gas extraction will decline 
accordingly with a reduction in petroleum demand, without support.75 As we discuss further 
below, oil and gas extraction could continue at the same or higher levels for export, even if 
in-state demand for petroleum decreases. In order to truly reduce petroleum production, 
CARB must propose a policy to phase out extraction by 2035 in an updated Draft Scoping 
Plan, and analyze the environmental impacts of this action. 


a.  CARB’s assumption that demand-side reduction measures will result in oil and gas 
extraction reduction is unsupported. 


CARB states in the RDEA that actions for the proposed AB 32 GHG Inventory Sectors include 
reducing oil and gas extraction operations “in-line with petroleum demand.”76 However, 
CARB has not provided any support for its claim that oil and gas extraction is going to 
decline in-line with demand.  


CARB proposes to increase renewable energy actions, which they assert will decrease the use 
of oil and gas in California.77 CARB also appears to assume that a decrease in oil and gas use 
means a reduction in oil and gas extraction in California. However, CARB does not and must 
provide evidence on how an increase in renewable energy actions would result in oil and gas 
extraction reduction.78 CARB should also explain how much oil and gas extraction is 
expected to decrease as a result of an increase in renewable energy and other proposed 
actions. CARB’s current failure to do so in the RDEA prevents informed decision-making and 
meaningful public participation. 


 
109 Proposed Health and Safety Code, section 39741.2(a). 
110 Proposed Health and Safety Code, section 39741.2(d) (emphasis added). 
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b.  CARB fails to consider steady exports that could perpetuate oil and gas extraction 
despite demand reduction efforts.  


As discussed, CARB relies on market forces and an increase in renewable energy actions to 
theoretically reduce oil and gas extraction, without explaining how this could actually occur. 
Even if in-state demand is reduced, CARB ignores the fact that fossil fuel extraction could 
continue at current levels due to demand for exports from refineries. Indeed, exports of 
finished fuels remained relatively steady over the last 15 years.79 Given this reality, CARB 
must not assume that oil and gas extraction will be reduced in-line with demand, and must 
instead propose an action to phase out extraction. 


75  RDEA at 17, 21.  
76  RDEA at 17.  
77  RDEA at 20-21; RDEA at 120 (“[R]enewable energy actions include operation of new 


facilities, including wind, solar thermal, solar PV, geothermal, solid-fuel biomass, biogas, 
solar thermal steam production, hydrogen, pumped storage, battery storage, and small 
hydroelectric systems. The operation of wind, solar thermal, and solar PV energy systems 
would occur over large acreages of land. The reduction in oil and gas extraction could 
result in equipment being decommissioned.”).  


78  RDEA at 120. 
79  Olivier Deschenes et al., University of California, Santa Barbara, Synthesis Report: Carbon 


Neutrality and California’s Transportation Fossil Fuel Supply Study, Fig. 24 on p. 39 (Oct. 
2020), available at https://calepa.ca.gov/carbon-neutrality-studies-background. See also 
Communities for a Better Env’t, New Climate Threat: Will Oil Refineries make California 
the Gas Station of the Pacific Rim ( 2019), https://www.cbecal.org/wp-
content/uploads/2019/09/New-climate-threat%e2%80%93Will-oil-refineries-make-
California-the-gas-station-of-the-Pacific-Rim.pdf (“West Coast production of finished 
petroleum products (black in the charts) increased by ≈ 350 million barrels from TY2007 
to TY2018.3. Production exceeded demand here by TY2012, and this production excess 
grew to ≈ 470 million barrels by TY2018 as refiners made more fuel for export. Foreign 
exports of finished refined products from the West Coast (brown) grew by ≈ 390 million 
barrels, an increase of ≈ 49 %, from TY2007 to TY2018.” 


Response: The comment does not raise any potential significant environmental issues 
resulting from the 2022 Scoping Plan; rather, it appears to raise policy disagreements with 
the 2022 Scoping Plan’s design, and questions the scope of the anticipated emissions 
reductions from the 2022 Scoping Plan.  


CARB provides the following additional response for transparency: The Scoping Plan 
Scenario has some remaining California demand for finished fossil fuels in 2045, primarily for 
transportation, including sectors subject to federal jurisdiction. Therefore, it is not feasible to 
phase out oil and gas production fully by 2045 due to this remaining demand. In the Scoping 
Plan Scenario, phase down of petroleum demand through successful deployment of zero 
carbon fuels and non-combustion technology is estimated to reduce GHG emissions from oil 
and gas extraction by about 89 percent in 2045 from 2022 levels if extraction decreases in 
line with in-state finished fuel demand. If in-state extraction were to be phased out fully, 
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CARB’s analysis indicates the future petroleum demand by in-state refineries would be met 
through increased crude imports, potentially resulting in increased activity outside California 
to extract and transport crude into California relative to the Scoping Plan Scenario, resulting 
in emissions leakage. AB 32 requires that any actions taken to reduce GHGs “minimize 
leakage.” Please also refer to response to comment R33-4 regarding in-state petroleum 
demand. 


R19-17: The commenter states, “c. CARB must propose an action to phase out oil and gas 
extraction by 2035 at the latest, and analyze the environmental impacts of this action. 


In order to ensure California meets its GHG emission goals and minimize harm to 
environmental justice communities, CARB must propose a proactive policy to phase out oil 
and gas extraction by 2035 at the latest, as we have discussed in previous letters.80 CARB 
must take leadership in directly reducing emissions from oil and gas extraction to effectively 
address climate change and create a safer and healthier future for California. 


80 See Cal. Env’t Justice All. (“CEJA”), Comments on Specific Sectors and Greenhouse Gas 
Emission Reduction Measures in the 2022 Draft Scoping Plan (Comment 668 for Draft 2022 
Climate Change Scoping Plan) (June 24, 2022), at 6-13, https://www.arb.ca.gov/lists/com-
attach/4459-scopingplan2022-UDMAY1Y9V2VQCQBk.pdf.” 


Response: Please refer to response to comment R19-16. 


R19-18: The commenter states, “d. CARB must analyze the environmental and health 
impacts of continuing oil and gas extraction as CARB currently proposes in the RDEA. 


As discussed above, CARB proposes in the RDEA that oil and gas extraction and operations 
would “decline in-line with petroleum demand”.81 CARB does not and must analyze the 
environmental and health impacts of proposing to allow oil and gas extraction, even at 
theoretically reduced levels, under this Scoping Plan. CARB’s analysis must consider 
California’s high carbon intensity extraction and the disproportionate effects environmental 
justice communities face.  


i.  California’s crude oil has a higher carbon intensity, bearing greater environmental and 
health impacts that CARB does not and must analyze. 


First, CARB must analyze the environmental impacts of continuing oil and gas extraction in 
California in light of the high carbon intensity of the State’s crude oil. CARB admits that 
California’s crude oil is heavier on average than most other sources of crude oil.82 According 
to the U.S. Energy Information Administration, California’s average American Petroleum 
Institute gravity (“API”) of 26.18 places it among the heaviest in the United States.83 More 
energy-intensive techniques are required to extract heavier oil.84 As such, California’s heavy 
crude oil has higher GHG emissions per barrel than oil from other states.85 Unfortunately, 
CARB fails to consider the GHG emissions, air pollution, and other impacts of continuing 
extraction on the environment as well as on communities and residential areas located within 
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a close radius of oil and gas wells and facilities, the majority of which are low-income 
communities of color.86 


81  RDEA at 17.  
82  Draft Scoping Plan at 82. 
83  API is a “commonly used index of the density of a crude oil or refined products.” A higher 


API indicates that a product has a lower density and is therefore less energy intensive to 
extract. Tim Fitzgibbon, API Gravity, McKinsey Energy Insights, 
https://www.mckinseyenergyinsights.com/resources/refinery-reference-desk/api-gravity/ 
(last visited June 23, 2022); Emily Geary, The API gravity of crude oil produced in the U.S. 
varies widely across states, U.S. Energy Info. Admin. (Apr. 19, 2017) 
https://www.eia.gov/todayinenergy/detail.php?id=30852 (“California’s oil is mostly heavy 
(more dense), and more than 90% has an API gravity of less than 30 degrees”).  


84  Judith Lewis Mernit, Why Does California Pump the Dirtiest Oil in the U.S., Yale 
Environment 360, Oct. 19, 2017, https://e360.yale.edu/features/why-does-green-
california-pump-the-dirtiest-oil-in-the-u-s (describing how extracting and refining heavier 
California crude oil is less efficient than from comparable sources).  


85  See Judith Lewis Mernit, Why Does California Pump the Dirtiest Oil in the U.S., Yale 
Environment 360, Oct. 19, 2017, https://e360.yale.edu/features/why-does-green-
california-pump-the-dirtiest-oil-in-the-u-s (describing how extracting and refining heavier 
California crude oil is less efficient than from comparable sources); see also E. Allison & B. 
Mandler, Am. Geoscis. Inst., Heavy Oil: Abundant but hard to work with, heavy oil has 
some specific environmental impacts 11-2 (2018), 
https://www.americangeosciences.org/sites/default/files/AGI_PE_HeavyOil_web_final.pdf 
(heavy oil produced by steam injection in California’s Midway Sunset field emits 725 kg 
CO2 lifecycle emissions, as compared to 729- 736 kg CO2 emissions for Canadian oil sands 
and 480 kg CO2 emissions of typical light West Texas oil); see also Center for Biological 
Diversity, Killer Crude: How California Produces Some of the Dirtiest, Most Dangerous Oil 
in the World, June 2021, 
https://www.biologicaldiversity.org/programs/climate_law_institute/pdfs/June-2021-
Killer-Crude-Rpt.pdf.” 


86  See, e.g. John C. Fleming et. al, Disproportionate Impacts of Oil and Gas Extraction on 
Already "Disadvantaged" California Communities: How State Data Reveals Underlying 
Environmental Injustice (2019), 
https://agu.confex.com/agu/fm19/mediafile/Handout/Paper495269/19%2012%2009%20AG
U%20Poster.pdf (finding that 76% of new oil and gas extraction wells are located in 
communities with above-average poverty rates for CA, and 67 percent are located in 
communities of color between 2011-2018); Jade Wolansky, Quiet Suffocation: California Oil 
and Gas Production Near Communities of Color is a Public Health Crisis, 52 U. Pac. L. Rev. 
387, 399 (2021), https://scholarlycommons.pacific.edu/uoplawreview/vol52/iss2/12/ (noting 
that 1.8 million people, of which 92% are people of color, live within one mile of an oil or gas 
well).” 


Response: As discussed throughout the Recirculated Draft EA, the 2022 Scoping Plan 
includes various actions and concepts that would, if implemented, lead to an increase in 



https://www.biologicaldiversity.org/programs/climate_law_institute/pdfs/June-2021-Killer-Crude-Rpt.pdf

https://www.biologicaldiversity.org/programs/climate_law_institute/pdfs/June-2021-Killer-Crude-Rpt.pdf
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renewable energy capacity, and a decrease in oil and gas production and refining. The 
impact of these actions are thoroughly discussed within the Recirculated Draft EA. The 
comment further states that the impacts of continuing oil and gas production and refining 
must also be analyzed, however, as discussed in the first paragraph on page 41 of the 
Recirculated Draft EA: 


CEQA states that the baseline for determining the significance of environmental 
impacts would normally be the existing conditions at the time the environmental 
review is initiated (Title 14 CCR Section 15125(a)). Therefore, significance 
determinations reflected in this Recirculated Draft EA are based on a comparison of 
the potential environmental consequences of the 2022 Scoping Plan with the 
regulatory setting and physical conditions in 2021 (see Attachment A). For 
determining whether the 2022 Scoping Plan may have a potential effect on the 
environment, CARB evaluated the potential physical changes to the environment 
resulting from the reasonably foreseeable compliance responses described in further 
detail in Chapter 2 of this Recirculated Draft EA. The CEQA baseline for purposes of 
this Recirculated Draft EA is the environmental setting during approximately July 
2021, when the Notice of Preparation was released, unless noted otherwise. 


Because the Recirculated Draft EA analyzed how the 2022 Scoping Plan could result in 
environmental impacts relative to the existing conditions, in accordance with well-established 
CEQA principles, no changes to the document are required. 


R19-19: The commenter states, “a. CARB’s RDEA fails to analyze the environmental and 
health impacts of Cap-and-Trade.  


CARB, in the Draft Scoping Plan, proposes to rely on the Cap-and-Trade Program to achieve 
the State’s 2030 GHG emissions reduction targets.91 CARB estimates that Cap-and-Trade 
would be able to reduce an estimated 44 MMTCO2e of GHGs by 2030.92 However, CARB 
does not explain how Cap-and-Trade will be utilized to achieve these emissions reductions.  


Where CARB might provide insight into the RDEA as to how reliance on Cap-and-Trade 
policies would result in environmental and health impacts, particularly in environmental 
justice communities, CARB provides no such analysis. For instance, CARB fails to and must 
analyze and disclose the anticipated air pollution reductions attributed to the continued 
implementation of Cap-and-Trade. CARB must also research and analyze alternatives other 
than Cap-and-Trade that could avoid the significant environmental and health impacts that 
result from Cap-and-Trade.  


The Office of Environmental Health Hazard Assessment (“OEHHA”) published a Cap-and-
Trade analysis in February of 2022 and found that GHGs and PM2.5 emissions increased in 
the oil refining sector while air toxics increased in the oil production sector.93 As such, 
research shows that Cap-and-Trade results in disproportionate environmental and health 
impacts on environmental justice communities.21  
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CARB’s failure to analyze the potential environmental and health impacts of Cap-and-Trade 
on environmental justice communities is a huge oversight that counteracts CARB’s 
commitment to environmental justice. CARB must include an analysis of the impacts of the 
Cap-and-Trade program in this EA. 


91 Draft Scoping Plan at 86-91. 
92 Draft Scoping Plan at 90, Table 2-4. 
93 Off. of Env’l Health Hazard Assessment, Impact of Greenhouse Gas Emission Limits within 


Disadvantaged Communities: Progress Toward Reducing Inequities (2022), 
https://oehha.ca.gov/media/downloads/environmental-
justice/impactsofghgpoliciesreport020322.pdf.” 


Response: This comment addresses the operation of the Cap-and-Trade Program through 
2030. The Cap-and-Trade Program is not a part of the proposed project (see Chapter 2, 
“Project Description”, of the Recirculated Draft EA). Rather, it is an established regulatory 
program that already exists in the environmental baseline. The 2022 Scoping Plan does not 
alter or change the Cap-and-Trade Program. Therefore, no further analysis is necessary. 


However, CARB has chosen to respond to the comment’s specific assertions regarding the 
environmental and health impacts of the Cap-and-Trade Program. As discussed below, 
current research does not support the conclusions drawn in the submitted comment. 


The comment suggests that the 2022 report by the Office of Environmental Health Hazard 
Assessment (OEHHA) indicates that the Cap-and-Trade Program results in disproportionate 
negative environmental and health impacts on environmental justice communities. This is a 
mischaracterization of the conclusions of the report. The OEHHA report states, “In our 
analysis, we find that since the implementation of the Cap-and-Trade Program in 2013, the 
greatest reduction of GHG, PM2.5, and air toxics emissions have occurred at facilities subject 
to the Cap-and-Trade Program located near vulnerable communities. These communities 
also experience the largest share of health benefits due to reductions of PM2.5 emissions 
from these facilities. It is important to note that our analysis compared the change in 
emissions between two years (2012 and 2017); if different years were selected, the results 
would vary since total emissions from a facility vary annually...”111  


While the OEHHA report is descriptive of emission trends for facilities covered by the Cap-
and-Trade Program, it does not attribute causality for emission changes – either positive or 
negative – to the Cap-and-Trade Program. The report emphasizes that causality for emission 
changes is extremely difficult to assign. 


The comment cites reference 21 for the assertion “As such, research shows that Cap-and-
Trade results in disproportionate environmental and health impacts on environmental justice 


 
111 Impacts of Greenhouse Gas Emission Limits Within Disadvantaged Communities: Progress Toward Reducing 
Inequities. (oehha.ca.gov).  
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communities.” Reference 21 is a techno-economic analysis of CO2 sequestration at natural 
gas power plants and bears no relevance to the assertion. 


Furthermore, other current research does not show the Cap-and-Trade Program results in 
negative disproportionate impacts for environmental justice communities. The research 
paper that has been most commonly cited by those asserting that the Cap-and-Trade 
Program makes local air pollution worse is inconclusive, at best.112 It studied the relationship 
between the Cap-and-Trade Program and air pollution in environmental justice communities 
from 2011-2015. However, the Program did not begin until 2013. Increases in greenhouse 
gas (GHG) emissions were observed (as a result of the economy coming back after the 2008 
recession and other factors), but the lead study author notes that the study does not actually 
show the implementation of the Cap-and-Trade Program made local air quality worse. And, 
that there was no cause and effect demonstrated with the Program.113 


In addition to the recent comments by the lead study author, a 2021 technical evaluation of 
the research paper noted that any findings in that paper are heavily dependent on the 
timeframe selected and power sector trends outside of the Program’s influence.114 The 
evaluation also noted that while there is a long-established relationship between GHGs and 
co-pollutants, the correlations between GHGs and co-pollutants are not particularly tight and 
include wide variability between and even within sectors and pollution types for the data 
evaluated. 


A 2020 study from the University of California, Santa Barbara (UCSB) examined data from 
2008 through 2017 and found that, since the Cap-and-Trade Program took effect, air quality 
in environmental justice communities with large cap-and-trade facilities improved more than 
air quality in wealthier neighborhoods.115 


CARB recognizes that some large GHG-emitting facilities (such as refineries) have been 
located in or adjacent to environmental justice communities since well before the Cap-and-
Trade Program was adopted. Those facilities are regulated for smog-causing pollution and 
toxic contaminants by local air districts, with strict permitting and reporting requirements. 


 
112 Cushing, Laura et al. (July 2018) Carbon trading, co-pollutants, and environmental equity: Evidence from 
California’s cap-and-trade program 2011–2015 (plos.org) (available at 
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002604#abstract2). See also Response 
to Comments on the Proposed Strategy for Achieving California’s 2030 Greenhouse Gas Target, pages 2-4 to 2-
11 (available at https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/2030sp_rtc.pdf). 
113 Johnson, Nathaniel. Cap and Trade-Offs: Did California's landmark legislation help or hurt the state's most 
vulnerable? (Oct 19, 2020) (available at https://grist.org/climate/the-biggest-fight-over-cap-and-trade-isnt-
about-what-you-think-it-is/).  
114 Tempest, Kevin. (March 2021) Part 1: Revisiting the Key Findings of a California Carbon Market and 
Environmental Equity Study | Low Carbon Prosperity Institute (available at 
https://www.lowcarbonprosperity.org/2021/03/09/revisiting-the-key-findings-of-a-california-carbon-market-and-
environmental-equity-study-part-1/). 
115 Hernandez-Cortes, Danae; Meng, Kyle C. Do Environmental Markets Cause Environmental Injustice? 
Evidence from California’s Carbon Market (November 2022) (available at 
https://www.nber.org/system/files/working_papers/w27205/w27205.pdf). 



https://grist.org/climate/the-biggest-fight-over-cap-and-trade-isnt-about-what-you-think-it-is/

https://grist.org/climate/the-biggest-fight-over-cap-and-trade-isnt-about-what-you-think-it-is/
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Contrary to some claims, there has been no change to the districts’ decades-old authority to 
regulate emissions at these stationary sources. Even while CARB undertook programs to cut 
GHGs, it redoubled efforts to directly address the largest sources of local pollution with 
specific and targeted regulations that were aimed directly at the heart of those local sources 
in environmental justice communities. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the Recirculated Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter R20 


10/24/2022 Daniel Lashof, World Resources Institute 


R20-1: The commenter states, “The Recirculated EA does not yet reflect this new policy 
landscape. For example, Table 4-12 projects statewide GHG emissions under the Proposed 
Scenario of 95 million tons in 2045, in violation of AB-1279.” 


Response: The final modeling results for the Scoping Plan Scenario were released as part of 
the proposed final 2022 Scoping Plan documents on November 16, 2022, and demonstrate 
GHG emission reductions that achieve 85 percent below 1990 emission levels by 2045 as 
codified in AB 1279. The Final EA has been updated to reflect the AB 32 GHG Inventory 
Sector emissions in 2045 based on final modeling results. The Recirculated Draft EA included 
all of the compliance responses needed to achieve the AB 1279 target, including CCS on 
existing industrial facilities, as confirmed by the modeling results.116 The compliance 
responses set forth in the Recirculated Draft EA remain accurate, and no changes are 
necessary in light of this comment. 


R20-2: The commenter states, “Provide a more detailed roadmap for carbon dioxide 
removal. The recirculated EA incorporates the goal set by Governor Newsom to remove 20 
million tons of CO2 by 2030 and 100 million tons by 2045 and describes some of the 
potential compliance activities in very general terms, but it does little to explore how to 
integrate this level of carbon removal into a zero net emissions energy system with the lowest 
possible environmental impacts, nor does it provide an assessment of the potential location 
of key facilities, such as geologic sequestration reservoirs, carbon dioxide pipelines, direct air 
capture equipment and biomass gasifiers and/or pyrolyzers. For example, a least-cost 
strategy to achieve these carbon removal goals will almost certainly involve a combination of 
direct air capture (DAC) and sequestration of carbon obtained from biomass waste (BiCRS).” 


Response: Please refer to response to comment R19-2. 


 
116 See AB 32 GHG Inventory Sectors Modeling Data Spreadsheet, 
https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx 
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Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the Recirculated Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter R21 


10/24/2022 Chelsea Tu, CA Environmental Justice Alliance 


The comments suggest modifications to the 2022 Scoping Plan. The comments address 
recommendations related to the plan and do not raise significant environmental issues 
related to the analysis in the Recirculated Draft EA, therefore they do not require written 
responses under CARB’s certified regulatory program implementing CEQA. The comments 
are noted and have been provided to the Board members for their consideration. 


Comment Letter R22 


10/24/2022 Kenley Farmer, Airlines for America 


The comments recommend the use of sustainable aviation fuels to decarbonize the aviation 
sector. The comments address policy aspects related to the plan and do not raise significant 
environmental issues related to the analysis in the Recirculated Draft EA, therefore they do 
not require written responses under CARB’s certified regulatory program implementing 
CEQA. The comments are noted and have been provided to the Board members for their 
consideration. 


Comment Letter R23 


10/24/2022 Nora Brown, Charm Industrial 


The comments note that carbon dioxide removal strategies provide beneficial impacts to air 
quality, public health, wildfire risk reduction, and forest resilience. While CARB’s certified 
regulatory program requires an analysis of the adverse and beneficial environmental impacts 
of a project, these comments do not include substantial evidence to support these 
suggested benefits of the 2022 Scoping Plan. Because detailed information related to the 
suggested beneficial impacts of carbon capture and sequestration policies have not been 
provided, no changes to the Recirculated Draft EA are necessary. The comments are noted 
and have been provided to the Board members for their consideration. 


Comment Letter R24 


10/24/2022 Laura Haider, Fresnans Against Fracking 


The comments express general support for Alternative 2 of the 2022 Scoping Plan, and 
provide some additional policy recommendations. The comments address policy aspects 
related to the plan and do not raise significant environmental issues related to the analysis in 
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the Recirculated Draft EA, therefore they do not require written responses under CARB’s 
certified regulatory program implementing CEQA. The comments are noted and have been 
provided to the Board members for their consideration. 


Comment Letter R25 


10/24/2022 Fariya Ali 


The comments recommend language that ensures reliability of plans and provides policy 
suggestions related to clean electricity supplies and demands. The comments address 
opinions and policy aspects of the plan and do not raise significant environmental issues 
related to the analysis in the Recirculated Draft EA, therefore they do not require written 
responses under CARB’s certified regulatory program implementing CEQA. The comments 
are noted and have been provided to the Board members for their consideration. 


Comment Letter R26 


10/24/2022 Leah Bahramipour, Sierra Club 


R26-1: The commenter states, “4. The RDEA and Scoping Plan’s public health analyses are 
incomplete. 


The strength of the Scoping Plan ultimately will be judged in the continued health and the 
quality of life Californians will enjoy. It is for this reason that we are deeply concerned about 
the incomplete public health analysis. We know that California’s topographical features, 
proximity to water, fertility of land, proximity to transportation arteries, energy demands, and 
current air quality demand that we humanize the people of California and present an 
assessment that is reflective of families not corporations.  


The Scoping Plan and RDEA’s public health analyses are calculated using a model that does 
not have the capability to evaluate regional impacts of proposed actions. This stops the 
public, regulatory agencies, and CARB itself from appropriately evaluating how the Scoping 
Plan will impact different communities throughout the state. Evaluating impacts on 
differently-situated communities is particularly crucial in order to understand the impact of 
the Scoping Plan proposals on California’s many diverse low-income communities of color. 
Due to California’s racist land use practices, most polluting industries are sited in or near 
communities of color, so any sector-specific, reasonably anticipated compliance activities 
associated with the Plan have the potential to disproportionately impact these communities. 
If the RDEA cannot evaluate the full scope of health impacts, the Plan will fail to protect 
communities from increased exposure to high levels of pollutants that result in detrimental 
degradation of physical and social development and ultimately lead to premature deaths that 
are akin to a slow suffocation.” 


Response: The comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the Recirculated Draft EA and no further response is required, although 
CARB disagrees firmly with the commenter’s claims, including those regarding claimed 
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racially-disparate harms. CARB also notes that the 2045 climate target is set in statute. (AB 
1279 (Muratsuchi, Chapter 337, Statutes of 2022.)  


R26-2: The commenter states, “5. The RDEA’s analysis, although incomplete, is clear that 
CCS will have negative implications on California’s water resources. 


We appreciate the efforts to improve the Scoping Plan by eliminating all new gas plants, 
doubling VMT reductions, and a commitment to having an inter-agency plan to phase down 
oil refining, but the introduction of reliance on carbon capture and storage (“CCS”) unravels 
the newly introduced improvements. The CCS process has a heavy dependence on 
chemicals, membranes, and mixed salts. Based on the FY19 Carbon Capture Peer Review 
Overview Report produced by the National Energy Technology Laboratory, there is currently 
no complete analysis on the correct concentrations for such chemicals, nor on the long-term 
health impacts these chemicals would have on communities, nor what their disposal process 
might be.19  


CCS depends on a novel amine-based solvent technology. However, there are currently no 
Safety Data Sheets available to the public on this technology, and it appears that 
government agencies have not yet completed an assessment of the human toxicity of first-
generation monoethanolamine (“MEA”).20 An assessment conducted by Karin Veltman et al, 
indicates that amine-based scrubbing results in a 10-fold increase in toxic impacts on 
freshwater ecosystems.21 There is a maximum 40-fold increase in aldehyde emissions, which 
results in a maximum 4-fold increase in human health impacts. The increase in human health 
impacts is predominantly due to formaldehyde emissions,22 as formaldehyde is a recognized 
human carcinogen.23, 24  


As the RDEA correctly explains, carbon removal technologies require large quantities of 
water, and their operations may place additional strain on existing and future water 
resources.25 Furthermore, CARB identified several additional concerns with the impacts of 
CCS on water quality, including seismic disturbances from storing brine, potential 
groundwater contamination risks, water demand challenges, and erosion of natural 
landscapes.26 


19  FY19 Carbon Capture Peer Review Overview Report, National Energy Technology 
Laboratory (Dec. 6, 2018), https://netl.doe.gov/sites/default/files/2019-08/FY19-Carbon-
Capture-Peer-Review-Overview- Report.pdf. 


20  Karin Veltman et al., Human and Environmental Impact Assessment of Postcombustion 
CO2 Capture Focusing on Emissions from Amine-Based Scrubbing Solvents to Air, 
Environ. Sci. Technol., 44, 4, 1496–1502 (Jan. 22, 2010), 
https://doi.org/10.1021/es902116r.  


21  Id.  
22  Id.  
23  Roberta Bronson Fitzpatrick, CPDB: Carcinogenic Potency DataBase (Oct. 11, 2008), 


https://www.tandfonline.com/doi/abs/10.1080/02763860802198895.  



https://netl.doe.gov/sites/default/files/2019-08/FY19-Carbon-Capture-Peer-Review-Overview-%20Report.pdf

https://netl.doe.gov/sites/default/files/2019-08/FY19-Carbon-Capture-Peer-Review-Overview-%20Report.pdf

https://doi.org/10.1021/es902116r

https://www.tandfonline.com/doi/abs/10.1080/02763860802198895
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24  Mark A J Huijbregts et al., Human-toxicological effect and damage factors of carcinogenic 
and noncarcinogenic chemicals for life cycle impact assessment, Integr. Environ. Asses. 
Man. 1 (3), 181-244 (July 2005), https://doi.org/10.1897/2004-007r.1.  


25  RDEA, p. 244-45.  
26  RDEA, p. 176.” 


Response: See Master Response 2.  


R26-3: The commenter states, “b. The RDEA’s analysis of CDR and CCS as it pertains to 
electricity generation is incomplete and inadequate. 


The RDEA, like the Draft Environmental Analysis, is silent on whether the reductions in GHG 
emissions from the electric sector are assumed to come from CCS and CDR or from retiring 
GHG-emitting generation. While the RDEA identifies goals and dates for CCS to be on 
petroleum refining, stone, clay, glass, and cement operations, no such goal exists for the 
electric sector.36 The RDEA also fails to apply the 2030 and the 2045 CDR / CCS targets to 
specific sectors. This is problematic. While we understand that there is “inherent uncertainty 
in whether, when, or where many measures included in the 2022 Scoping Plan would 
occur,”37 the California Environmental Quality Act (“CEQA”) requires the RDEA to include an 
accurate, stable project description, and a thorough assessment of significant impacts, 
mitigation measures and alternatives. CEQA’s core function is to ensure an informed decision 
making process. To engage in that process, the public must be privy to the Scoping Plan’s 
assumptions regarding these CDR and CCS targets. We look forward to additional CARB 
analysis pertaining to carbon removal and the electric sector in the modeling and updated 
Scoping Plan.  


While, as noted above, we strongly support the commitment to planning for a future electric 
sector that does not include additional gas-fired generation, the RDEA includes a reference 
to the Allam Cycle as a “zero-carbon resource” and as a potentially foreseeable compliance 
response that would increase renewable energy capacity.38 This is an error, as promotional 
materials, scientific analyses and the manufacturer itself all assert that the Allam Cycle is a 
“novel natural gas power plant design that can theoretically capture 100 percent of 
emissions.”39 However, there is only one plant, a 50 MW test facility in Texas, that has 
currently operated with the Allam Cycle design, so whether it can capture 100 percent of 
emissions at a larger scale remains unknown.40 Additionally, carbon capture through the 
Allam Cycle is not a “zero-carbon” resource, as it does not account for up-stream methane 
leakage during the production and transporting of natural gas to the power plant or the 
potential leakage of stored carbon after it has been captured.41 Further, the Allam Cycle is a 
power plant design, not a modification. According to its manufacturer, it involves an 
innovative technique of “burning natural gas with pure oxygen” (oxy-combustion), fed 
through a high-pressure system to a new, specially-sized turbine, and equipped with both a 
recuperative process and a CO2 disposal method.42 Because it is an entirely new design, it 
requires the construction of new, complex gas-fired power plants and cannot be retrofitted 
onto existing power plants.43 As described in section 1 above, Allam Cycle technology cannot 
be used to retrofit existing facilities and requires the construction of entirely new gas-fired 
power plants.44 As such, the RDEA should delete any reference to the Allam Cycle, as it is not 



https://doi.org/10.1897/2004-007r.1
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“zero-carbon” and its use would require the construction of new gas-fired generation in 
order to “theoretically” capture carbon, an unproven contention at the utility-scale.   


36  RDEA, p. 17-18.  
37  RDEA, p. 44.  
38  RDEA, p. 20-21.  
39  David Yellen, Carbon Capture and the Allam Cycle: The future of electricity or a carbon 


pipe(line) dream?, Atlantic Council (May 21, 2020), (emphasis added), 
https://www.atlanticcouncil.org/blogs/energysource/carbon-capture-and-the-allam-cycle-
the-future-of-electricity-or-a-carbon-pipeline-dream/; See also NET Power Technology, 
https://netpower.com/technology/.  


40  See Yellen, Carbon Capture and the Allam Cycle: The future of electricity or a carbon 
pipe(line) dream?.  


41  See Raghav Chaturvedi et al., CO2 Sequestration by Allam Cycle, Senior Design Reports, 
University of Pennsylvania 123 (Apr. 20, 2021), 
https://repository.upenn.edu/cgi/viewcontent.cgi?article=1135&context=cbe sdr.  


42  NET Power Technology, https://netpower.com/technology/.  
43  Karl M. Bandilla, Future Energy (Third Edition) – Improved, Sustainable and Clean Options 


for Our Planet. Chapter 31 – Carbon Capture and Storage, 669, 688 (2020), 
https://www.sciencedirect.com/science/article/pii/B9780081028865000311?via%3Dihub.  


44  Amanda Doyle, Process pioneer: Rodney Allam discusses the development of his CCS 
technology (July 17, 2018), https://www.thechemicalengineer.com/features/process-
pioneer-rodney-allam-discusses-the-development-of-his-ccs-technology/.” 


Response: The commenter is correct that CEQA requires an accurate, stable project 
description, and a thorough assessment of reasonably foreseeable significant indirect 
impacts. The Recirculated Draft EA provides such an assessment, within the bounds of 
reasonable foreseeability. CARB disagrees with the commenter’s assertion that the RDEA is 
silent on whether the reductions in GHG emissions from the electric sector are assumed to 
come from CCS and CDR or from retiring GHG-emitting generation. As explained in the 
Recirculated Draft EA, the 2022 Scoping Plan focuses on increased renewable energy 
deployment, a primary (and the first listed) feature of the project description,117 as well as on 
CCS.118 The goals for these two sectors are also set forth in Table 2-1 of the Recirculated 
Draft EA. The Scoping Plan Scenario identifies a suite of resources that are anticipated to 
meet electricity demand through 2045. This suite of resources selected for the Scoping Plan 
Scenario are included in the reasonably foreseeable compliance responses in Chapter 2 of 
the Recirculated Draft EA, as well as described in the 2022 Scoping Plan and in the 
accompanying output data file. The Scoping Plan Scenario includes existing gas-power 
plants, along with other renewable and zero-carbon resources selected by the RESOLVE 
model, to meet demand and reliability needs through 2045. No new gas-power plant 
capacity, in any form, was implemented as a modeling constraint consistent with the CARB 
Board direction and Governor Newsom’s request. In addition, the Scoping Plan Scenario 


 
117 See RDEA at 20-22. 
118 See RDEA at 25-26. 
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would achieve a reduction in electricity sector fossil gas consumption of 47 percent from 
2022 to 2045, consistent with the Recirculated Draft EA’s project description for further 
transition away from fossil fuel-based electricity generation. The Scoping Plan Scenario 
includes carbon capture and sequestration (CCS) on existing natural gas generation in the 
electricity sector to achieve 85 percent below 1990 emission levels by 2045 as codified in AB 
1279. The reasonably foreseeable compliance responses associated with modifications to 
industrial facilities to capture CO2 emissions with CCS are included in Chapter 2 of the 
Recirculated Draft EA and those impacts are described throughout Chapter 4 of the 
Recirculated Draft EA.  


The final modeling results for the Scoping Plan Scenario (the same scenario analyzed as the 
“proposed project” in the Recirculated Draft EA) were presented at an October 28, 2022, 
workshop. These results reflect direction from Governor Newsom to avoid new gas-power 
plants and legislation requiring GHG emission reductions of 85 percent below 1990 levels by 
2045 (AB 1279). The electricity resource options available in the RESOLVE model for 
modeling the electricity sector were unchanged from the Draft Scoping Plan and included 
Allam-Cycle CCS technology as documented in Appendix H of the Draft Scoping Plan. CARB 
staff added text related to Allam-Cycle CCS to the reasonably foreseeable compliance 
responses in the Recirculated Draft EA for completeness, even though Allam-Cycle CCS was 
not selected as a generation resource by the RESOLVE model in the Draft Scoping Plan 
modeling. Furthermore, Allam-Cycle CCS was not selected by RESOLVE in the Final Scoping 
Plan modeling. CARB further notes that the commenter’s concerns regarding inclusion of 
Allam-Cycle CCS in the project description amount to a policy disagreement over whether it 
would achieve the assumed level of GHG reductions; the comments do not identify any new 
adverse impacts beyond the existing environmental conditions that have not already been 
analyzed in the Recirculated Draft EA.  


R26-4: The commenter states, “c. The RDEA’s analysis is inadequate because it fails to 
analyze the additional energy needed to power all the CDR and CCS technologies. 


As parties commented in June 2022, the draft Scoping Plan failed to account for the GHG 
impacts from powering CDR, direct air capture (“DAC”) and CCS that the draft Scoping Plan 
envisions as necessary to achieve statutory mandates.45 The RDEA states that the energy 
needed to power the CDR and CCS technologies will be mitigated by “on-site energy 
generation . . . involving photovoltaic electricity generation, battery storage, and microgrid 
systems” as well as “increased generation, both on-site and off-site.”46 The RDEA is silent on 
details, however, when it comes to how much power will be required and whether it is 
remotely feasible to build this level of off-grid renewables.  


With respect to CCS on existing power plants, studies suggest that CCS technologies require 
an estimated 10-25 percent more energy to produce the same amount of power the plant 
would produce without the CCS.47 This energy penalty is therefore not an insignificant, but 
rather a sizable amount of additional generation that will be needed to power such carbon 
removal technologies. As such, the use of CCS on existing power plants foreseeably leads to 
plants running harder, or longer, to deliver the same electricity to the grid in order to power 
the CCS. To envision a reliable grid, all calculations based on existing nameplate capacity of 
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the gas fleet would have to be reduced by 25 percent. Even imagining CCS performed 
perfectly on existing plants, which no studies suggests it would, the increased power per MW 
delivered would result in more harmful non-CO2 air pollutants, like NOx and particulate 
matter, that are not captured by CCS.48 For industries like refineries, the impacts to the 
electricity sector are even more extreme. For example, even if it were feasible to retrofit 
California refineries with CCS, the energy required to power that CCS would be vast. Based 
on data from 2020, the penalty would represent 5 percent of all energy used, or 7.2 percent 
of in-state production, in 2020.  


For CDR like DACs, estimates of electricity per ton of captured CO2 range from 2.43MWh to 
3.89MWh.49 To power 20 MMT of CO2 removal would require 48,600,000 MWh.50 According 
to the U.S. Energy Information Administration, as of July 2022, California had 20,425,000 
MWh total net electricity generation, of which utility-scale solar, wind, and geothermal net 
electricity generation make up 6,731,000 MWh.51 The RDEA does not even begin to analyze 
impacts of building this scale of off-grid renewable power. 


45  See e.g. Michael Wara et al., Public Comment on the 2022 Scoping Plan – Stanford CEPP 
Comments on Scoping Plan (June 24, 2022), https://www.arb.ca.gov/lists/com-
attach/4433-scopingplan2022-UiFcLgdnUG0LawNs.pdf.  


46  RDEA, p. 26.  
47  See CAN Position: Carbon Capture, Storage, and Utilisation, Climate Action Network 


Int’l., p. 9 (Jan. 2021), https://climatenetwork.org/resource/can-position-carbon-capture-
storage-and-utilisation/ (finding that pulverized coal stations fitted with CCS require 25% 
more energy); See also Carbon Capture and Sequestration (CCS) in the United States, 
Congressional Research Service (Oct. 5, 2022), https://sgp.fas.org/crs/misc/R44902.pdf 
(finding that the energy penalty has been reported at around 20% of a power plant’s 
capacity). 


48  See Mark Z. Jacobson, The health and climate impacts of carbon capture and direct air 
capture, Energy and Environmental Science 12, 3567-3574 (2019), 
https://web.stanford.edu/group/efmh/jacobson/Articles/Others/19-CCS-DAC.pdf 
(concluding that CCS are “not close to zero-carbon technologies” and that CCS does not 
capture “CO, NOx, SO2, organic gases, mercury, toxins, black and brown carbon, fly ash, 
and other aerosol components.”)  


49  Leigh Collins, The amount of energy required by direct air carbon capture proves it is an 
exercise in futility, Recharge (Sept. 14, 2021), https://www.rechargenews.com/energy-
transition/the-amount-of-energy-required-by-direct-air-carbon-capture-proves-it-is-an-
exercise-in-futility/2-1-1067588; see also Michael Wara et al., Public Comment on the 
2022 Scoping Plan – Stanford CEPP Comments on Scoping Plan (June 24, 2022) 
(2000kWh per ton of CO2 captured.).  


50  2.43 x 20,000,000.  
51  California State Energy Profile, U.S. Energy Information Administration, 


https://www.eia.gov/state/print.php?sid=CA.” 


Response: Please refer to response to comment R19-9 regarding CCS energy; refer also to 
Master Response 3.  
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The energy requirement for mechanical CDR is modeled in the Scoping Plan Scenario as 
direct air capture (DAC) technology. Both liquid and solvent-based DAC require energy input 
that can be in the form of electricity or fuel, such as hydrogen, to produce heat at high 
temperatures. For purposes of estimating DAC costs in the Scoping Plan Scenario and 
providing consistency with the carbon neutrality target, the modeling assumed energy 
requirements for DAC operation were provided by off-grid solar generation, estimated at 64 
GW. Low-carbon energy sources such as renewables will maximize net capture efficiencies 
related to the systems’ energy use.  


All scenarios analyzed during the 2022 Scoping Plan development process have residual 
emissions that must be mitigated through carbon removal methods to get to carbon 
neutrality. Legislative direction provided by SB 905 reinforces the inclusion of CDR 
technologies as part of the state’s climate strategy, where appropriate. Furthermore, the 
Carbon Capture, Removal, Utilization, and Storage Program to be developed by SB 905 
includes evaluating the efficacy and viability of CCS and CDR technologies to ensure that 
these projects will reduce GHG emissions and to prioritize minimizing land use and other 
potential environmental impacts, such as those described in the Recirculated Draft EA.  


R26-5: The commenter states, “d. By prioritizing direct emission reductions, CARB can 
lessen its reliance on unproven carbon removal technologies to achieve its GHG 
reduction goals. 


As earlier public comments have indicated,52 CCS is a costly, risky, and unproven form of CO2 
emission reduction. The first large U.S. power plant to implement CCS, the Petra Nova plant, 
shut indefinitely in January 2021, after only four years of operation, and remains shut down 
today due to lower oil prices than expected.53 The world’s largest DAC facility in the world, 
the Climeworks’ Orca project, is also experiencing complications. After launching in 
September 2021, it is running behind schedule after the Icelandic winter caused the 
technology to stop working.54 Most major worldwide CCS projects have outright failed or 
captured significantly less than initially anticipated.55 These examples demonstrate that 
getting large, utility-scale CDR and CCS technologies that operate as designed might take 
decades, in addition to the enormous additional burdens they would place on the electric 
sector, which is the key to decarbonizing the entire economy. If California is to achieve 
carbon neutrality by 2045,56 CARB must act now to plan for retirement of gas-fired power 
plants and not increase the state’s dependence on fossil fuels, while gambling on an 
unproven technology to develop. 


52  See generally Michael Wara et al., Public Comment on the 2022 Scoping Plan – Stanford 
CEPP Comments on Scoping Plan (June 24, 2022); Chelsea Tu et al., Public California 
Environmental Justice Alliance, Comment on the 2022 Scoping Plan – CEJA Draft Scoping 
Plan Sector-Specific Comments (June 24, 2022), https://www.arb.ca.gov/lists/com-
attach/4459-scopingplan2022-UDMAY1Y9V2VQCQBk.pdf.  


53  See Carbon Capture and Sequestration (CCS) in the United States, Congressional 
Research Service (Oct. 5, 2022), https://sgp.fas.org/crs/misc/R44902.pdf. 
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54  Harry Cockburn, World’s biggest carbon removal machine ‘freezes over’ in Iceland, 
Yahoo! News (Apr. 19, 2022), https://nz.news.yahoo.com/world-biggest-carbon-removal-
machine-114645741.html.  


55  See Adam Vaughan, Most major carbon capture and storage projects haven’t met targets, 
NewScientist (Sept. 1, 2022), https://www.newscientist.com/article/2336018-most-major-
carbon-capture-and-storage-projects-havent-met-targets/.   


56  This goal is consistent with AB 1279, Muratsuchi, 2021-2022 legislative session.” 


Response: Please refer to Master Response 3 and response to comment R18-1 for a 
discussion on CCS and CDR energy use generally and in the electricity sector, specifically, 
including the need for deployment of CCS and CDR to achieve the carbon neutrality target 
by 2045 and updated assumptions regarding the timing of CCS and CDR deployment.  


Both the Petra Nova project and the Climeworks’ Orca project were designed as technology 
demonstrations to help identify technical issues associated with scaling up CCS and CDR 
technologies, respectively.119,120,121 The Petra Nova project exceeded the target capture 
efficiency of 90% over its three years of operation, and the capture unit demonstrated a high 
level of reliability that also improved each year.122,123 The closure of the Petra Nova project 
stemmed from economic issues and process shutdowns that were unrelated to the main 
carbon capture equipment.124  


Further review of the article cited by the commenter in relation to the Climeworks’ Orca 
project indicates that the freezing weather caused “basic mechanical complications with 
components such as belt drives.” The issues were resolved following modifications to some 


 
119 United States Department of Energy, Office of Fossil Energy and Carbon Management. “Petra Nova – W.A. 
Parish Project.” Available: https://www.energy.gov/fecm/petra-nova-wa-parish-project. Accessed: November 
11, 2022.  
120 IDTechEx. 2021. “Lessons Learned from the Closure of Petra Nova, IDTechEx Reports.” March 22. Available: 
https://www.prnewswire.com/news-releases/lessons-learned-from-the-closure-of-petra-nova-idtechex-reports-
301252906.html. Accessed: November 10, 2022.  
121 Climeworks. 2021. “Climeworks begins operations of Orca, the world’s largest direct air capture and CO2 
storage plant.” August 9. Available: https://climeworks.com/news/climeworks-launches-orca. Accessed: 
November 10, 2022. 
122 Clean Air Task Force. 2020. “Six Key Ways Petra Nova Has Shown That Carbon Capture Works.” August 11. 
Available: https://www.catf.us/2020/08/six-key-ways-petra-nova-has-shown-that-carbon-capture-works/. 
Accessed: November 10, 2022. 
123 IDTechEx. 2021. “Lessons Learned from the Closure of Petra Nova, IDTechEx Reports.” March 22. Available: 
https://www.prnewswire.com/news-releases/lessons-learned-from-the-closure-of-petra-nova-idtechex-reports-
301252906.html. Accessed: November 10, 2022. 
124 Ibid. 



https://www.energy.gov/fecm/petra-nova-wa-parish-project

https://www.prnewswire.com/news-releases/lessons-learned-from-the-closure-of-petra-nova-idtechex-reports-301252906.html

https://www.prnewswire.com/news-releases/lessons-learned-from-the-closure-of-petra-nova-idtechex-reports-301252906.html

https://climeworks.com/news/climeworks-launches-orca

https://www.catf.us/2020/08/six-key-ways-petra-nova-has-shown-that-carbon-capture-works/

https://www.prnewswire.com/news-releases/lessons-learned-from-the-closure-of-petra-nova-idtechex-reports-301252906.html

https://www.prnewswire.com/news-releases/lessons-learned-from-the-closure-of-petra-nova-idtechex-reports-301252906.html
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components, however a redesign of the core carbon capture technology was not required.125 
Following these modifications, the project is operating as expected.126  


The comment indicating that “Most major worldwide CCS projects have outright failed or 
captured significantly less than initially anticipated” refers to the results of an Institute for 
Energy Economics and Financial Analysis (IEEFA) study that evaluated the economics and 
performance of 13 commercial-scale CCS projects worldwide.127 Further review of the IEEFA 
study indicates several examples of projects that met carbon capture targets, including 
projects in sectors for which the Scoping Plan Scenario assumes deployment of CCS (e.g., 
refining/hydrogen production and power generation). The IEEFA study also indicated that 
carbon capture technologies could be used in hard-to-abate sectors, including the cement 
industry, provided that other approaches to decarbonize these sectors are not delayed or 
inhibited.128  


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the Recirculated Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter R27 


10/24/2022 Nick Cammarota, California Building Industry Association 


The comments provide recommendations related to proposed per-capita VMT reductions 
included in the 2022 Scoping Plan. The comments address policy aspects of the plan and do 
not raise significant environmental issues related to the analysis in the Recirculated Draft EA, 
therefore they do not require written responses under CARB’s certified regulatory program 
implementing CEQA. The comments are noted and have been provided to the Board 
members for their consideration. 


Comment Letter R28 


10/24/2022 Tanya DeRivi, WSPA 


R28-1: The commenter states, “Rather than create additional barriers for the utilization and 
commercialization of CDR/CCS technology, California must streamline permitting for CCS 
and mechanical CDR projects to ensure that California Environmental Quality Act (CEQA) and 
other regulatory proceedings do not unjustly stall or halt technologies that are crucial to 


 
125 Yahoo!News. 2022. “World’s biggest carbon removal machine ‘freezes over’ in Iceland.” April 19. Available: 
https://nz.news.yahoo.com/world-biggest-carbon-removal-machine-114645741.html. Accessed: November 10, 
2022.  
126 Ibid.  
127 Institute for Energy Economics and Financial Analysis. 2022. “The Carbon Capture Crux.” September. 
Available: https://ieefa.org/resources/carbon-capture-crux-lessons-learned. Accessed: November 10, 2022.  
128128 Ibid 



https://nz.news.yahoo.com/world-biggest-carbon-removal-machine-114645741.html

https://ieefa.org/resources/carbon-capture-crux-lessons-learned
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meeting the goals of the Draft 2022 Scoping Plan Update. Unfortunately, SB 905 did not 
address this concern; indeed, it reiterated that it “shall not impair, abridge, or alter any rights 
or obligations under the California Environmental Quality Act”.6 WSPA would like to reiterate 
the recommendation in the previous comment letter that CARB should work with the Office 
of Planning and Research to develop an improved project environmental review (under 
CEQA) and permitting process for the carbon reduction projects including CCS/CDR that are 
essential for the implementation and delivery of the Draft 2022 Scoping Plan Update. 


6  Ibid, Section 39471.2(c).” 


Response: The comment provides policy recommendations related to permitting of 
CDR/CCS technology. The comment does not raise an issue related to the adequacy, 
accuracy, or completeness of the Recirculated Draft EA and no further response is required.  


R28-2: The commenter states, “5. The high-level programmatic CEQA analysis conducted 
for the Scoping Plan does not include the level of analysis to be relied upon in cumulative 
impact analyses for specific regulations developed based on this Scoping Plan. 


CEQA requires that the Recirculated Draft EA contain “[a] discussion and consideration of 
environmental impacts, adverse or beneficial, and feasible mitigation measures which could 
minimize significant adverse impacts identified,” as well as “[a] discussion of cumulative and 
growth-inducing impacts.”25 CARB has developed a high-level programmatic CEQA analysis 
for the 2022 Draft Scoping Plan Update. The CEQA analysis in the Recirculated Draft EA 
lacks details regarding the environmental impact analyses for individual programs and actions 
included in the Draft 2022 Scoping Plan Update, because it states that “the specific location, 
design, and setting of the potential actions cannot feasibly be known at this time.”26 Failure 
to capture the full extent of environmental impacts of all actions in the Scoping Plan scenario 
will likely lead CARB to underestimate adverse impacts, such an incomplete analysis cannot 
sufficiently form the basis for future policy and regulatory decisions, and does not fulfill 
CARB’s CEQA obligations. 


CARB should clarify that the Scoping Plan’s high-level programmatic CEQA analysis is not 
intended to be solely relied upon for future environmental analysis, particularly cumulative 
impact analyses, for subsequent programs and regulations. Rather, all future rules and/or 
regulations listed in the proposed scenario of the Draft 2022 Scoping Plan Update must 
conduct their own environmental impact analysis to ensure that all indirect and unintentional 
impacts, and cumulative impacts, from the rules and/or regulations are being considered. In 
recently adopted/proposed regulations such as the Advanced Clean Cars II program27 and 
the proposed Advanced Clean Fleet regulation28 CARB erroneously declined to perform a 
cumulative impact assessment based on the purposed adequacy of the EA for the previous 
Scoping Plan Update.29. 


25  Cal. Code Regs. tit.17, § 60004.2(a).  
26  See Recirculated Draft EA, at 43.  
27  CARB. 2022. Final Environmental Analysis for the Advanced Clean Car II Program, at 146-


147. Available at: 
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https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/accii/acciifinalea.docx. 
Accessed October 2022. 


28  CARB. 2022 Appendix D: Draft Environmental Analysis for Proposed Advanced Clean 
Fleets Regulation, at 111-12. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2022/acf22/appd.pdf. Accessed 
October 2022. 


29  CARB. 2017. Appendix F: Environmental Analysis for Final 2017 Scoping Plan Update. 
Available at: 
https://ww2.arb.ca.gov/sites/default/files/classic/cc/scopingplan/2030sp_appf_finalea.pdf. 
Accessed October 2022.” 


Response: Section 1.D.2, “Scope of Analysis and Assumptions,” addresses the degree of 
specificity required in this CEQA document, as follows (last paragraph on page 7 of the 
Recirculated Draft EA): 


The level of detail in this Recirculated Draft EA reflects that the 2022 Scoping Plan is a 
broad statewide-level planning document. Consequently, the analysis is at a 
programmatic level and is not intended to be relied upon to develop subsequent 
environmental documents prepared for specific follow-up actions that other agencies 
may decide to pursue to reduce GHG emissions. Nor is the analysis intended to be 
relied upon by environmental reviews carried out for reasonably foreseeable, specific 
projects by various entities consistent with the 2022 Scoping Plan. If CARB or other 
State agencies pursue regulations to implement any of the GHG measures discussed 
in the 2022 Scoping Plan, each regulation would go through the APA process. The 
APA is a rigorous process that includes technical, environmental, and economic 
analyses, as well as public review and input. The ISOR prepared for each regulation or 
regulatory amendments proposed by CARB, also known as the staff report, would 
include a more detailed environmental analysis specific to that proposal. If specific 
actions included in this Recirculated Draft EA are proposed by a public agency, further 
CEQA review of the individual projects would be undertaken as necessary.  


The determination of the degree to which CEQA documentation is necessary for future 
programs and regulations related to the 2022 Scoping Plan will be made during preparation 
of the applicable future environmental analysis. It is not necessary for the Recirculated Draft 
EA to discount to the potential for tiering and other CEQA streamlining benefits, as 
requested by the comment. No changes to the document are necessary.  


R28-3: The commenter states, “6. WSPA requests that the Scoping Plan and subsequent 
EAs should develop a broad array of mitigation measures for all areas that will likely have 
significant impacts.  


CEQA requires that the Draft EA contain “[a] discussion and consideration of environmental 
impacts, adverse or beneficial, and feasible mitigation measures which could minimize 
significant adverse impacts identified,” as well as “[a] discussion of cumulative and growth-
inducing impacts.” Cal. Code Regs. tit.17, § 60004.2(a). As discussed in the previous 
comment, CARB’s Recirculated Draft EA is deficient in several respects – CARB is relying on a 
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high-level programmatic CEQA analysis that does not quantify many reasonably foreseeable 
environmental impacts (including, but not limited to, energy generation and energy 
infrastructure construction air quality and greenhouse gas impacts) even though these 
impacts are reasonably foreseeable and likely significant. CEQA requires CARB to present a 
comprehensive list of mitigation measures that would address potentially significant impacts 
of the programs, actions, or projects required for the implementation of the Draft 2022 
Scoping Plan Update, which CARB has failed to do. For example, CARB has not identified a 
menu of potential mitigation measures for the following actions that are necessary for the 
success of the Draft 2022 Scoping Plan Update: 


• zero emission vehicle manufacturing facilities; 
• expansion of the electric grid to increase generation, distribution, and transmission; 
• mining of rare earth metals for battery and solar photovoltaic (PV) system 


production; 
• battery storage systems; 
• electric vehicle charging infrastructure; 
• hydrogen production projects; 
• hydrogen fueling stations; 
• off-shore wind turbines projects; and 
• solar PV energy generation projects 


While we understand that the exact location and/or level of impacts of these actions/projects 
are unknown, WSPA encourages CARB to develop a broad array of actionable mitigation 
measures for each of these types of actions/projects, which would serve as a toolbox that can 
be applied to them as they are proposed and undergo project-specific CEQA evaluations. In 
the Draft 2022 Scoping Plan Update, CARB should identify potential impacts and develop a 
menu of mitigation measures that would address these impacts. This would meet 
requirements to identify mitigation measures for foreseeably significant impacts and establish 
mitigation options for related future programs and actions that aim to accomplish the goals 
set out in the Scoping Plan.” 


Response: Chapter 4 of the Recirculated Draft EA addresses the impacts related to the 
reasonably foreseeable compliance responses associated with the 2022 Scoping Plan. These 
reasonably foreseeable compliance responses include: zero emission vehicle manufacturing 
facilities; expansion of the electric grid to increase generation, distribution, and transmission; 
mining of rare earth metals for battery and solar photovoltaic (PV) system production; battery 
storage systems; electric vehicle charging infrastructure; hydrogen production projects; 
hydrogen fueling stations; off-shore wind turbines projects; and solar PV energy generation 
projects. Mitigation measures that would reduce potentially significant impacts are provided 
in the Recirculated Draft EA. Furthermore, as discussed in Master Response 1, CARB 
generally lacks the type of land use authority necessary to adopt and implement mitigation 
for the project-specific actions anticipated by the Scoping Plan. Therefore, as explained in 
the EA, mitigation for specific land use projects is not “feasible”, as CARB lacks the legal 
authority to implement it. This comment does not address any further specific inadequacies 
or concerns with the analysis for which further response can be provided.  
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Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the Recirculated Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter R29 


10/24/2022 Chris Gould 


The commenter provides comments related to leakage potential included in the 2022 
Scoping Plan. The comments address policy aspects of the plan and do not raise significant 
environmental issues related to the analysis in the Recirculated Draft EA, therefore they do 
not require written responses under CARB’s certified regulatory program implementing 
CEQA. The comments are noted and have been provided to the Board members for their 
consideration. 


Comment Letter R30 


10/24/2022 Julia May, Communities for a Better Environment 


This comment letter is a duplicative submittal. Please refer to response to comment letter 
R33. 


Comment Letter R31 


10/24/2022 Sarah Sachs, Ceres 


The comments express general support for the 2022 Scoping Plan, and recommend more 
ambitious and comprehensive climate actions. The comments address opinions related to the 
plan and do not raise significant environmental issues related to the analysis in the 
Recirculated Draft EA, therefore they do not require written responses under CARB’s 
certified regulatory program implementing CEQA. The comments are noted and have been 
provided to the Board members for their consideration. 


Comment Letter R32 


10/24/2022 Sarah Sachs, Ceres 


The comments provide recommendations related to the 2022 Scoping Plan. The comments 
address policy aspects and opinions related to the plan and do not raise significant 
environmental issues related to the analysis in the Recirculated Draft EA, therefore they do 
not require written responses under CARB’s certified regulatory program implementing 
CEQA. The comments are noted and have been provided to the Board members for their 
consideration. 
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Comment Letter R33 


10/24/2022 Alicia Rivera, Connie Cho, and Julia May, Communities for a Better 
Environment 


R33-1: The commenter states, “Importantly, the Project Description is not up to date – it 
does not yet incorporate clear direction to begin a planning process for a long-term oil 
refinery phaseout, made by CARB’s Governing Boardmembers and recommended by the 
Environmental Justice Advisory Committee (EJAC) during the Sept. 1st 2022 hearing, 
detailed below. (This direction was also given by the Governing Board in its June hearing.) 
The Project Description incorporates some updates (e.g. substantial offshore wind, directed 
by Governor Newsom)5 but left out the refinery phaseout planning, perhaps because of the 
short time between the Sept. 1st Board hearing discussion, and the Sept. 9th REA 
publication. We look forward to this addition in the fully updated Scoping Plan and 
correction of the REA and updated modeling. 


5 The REA states that the Project Description has been revised: “After the end of the Draft 
EA public review period, CARB identified revisions to certain aspects of the proposal that 
merit revisions to the project description. The changes are provided in Chapter 2, “Project 
Description,” below. In addition, in response to public comment, the public safety evaluation 
has been reassessed and expanded for carbon dioxide pipelines associated with potential 
atmospheric mechanical carbon dioxide removal projects and carbon capture and storage 
projects.” REA at p. 1” 


Response: The comment, while addressing the project description, appears to be directed at 
the 2022 Scoping Plan’s design and the policy decisions that it reflects (specifically, at an 
element that the commenter believes should have been included), rather than raising 
significant environmental issues resulting from the 2022 Scoping Plan. The project 
description set forth in Chapter 2 of the Recirculated Draft EA remains accurate. 


While the 2022 Scoping Plan does not include direct requirements for specific refineries to 
phase down production, it does include primary elements that will result in deep reductions 
in demand for refined petroleum products in California, leading to anticipated reductions of 
refining output. Chapter 2 of the Recirculated Draft EA addresses the actions associated with 
a reduction in oil and gas extraction, beginning with the first paragraph on page 20. The 
environmental impacts of these actions are addressed throughout Chapter 4 of the 
Recirculated Draft EA. See also Master Response 6 regarding anticipated effects on refinery 
production. The comment does not raise an issue related to the adequacy, accuracy, or 
completeness of the Recirculated Draft EA and no further response is required. No changes 
to the Recirculated Draft EA are required in response to this comment. 


R33-2: The commenter states, “The Project Description for oil refineries is also outdated in 
its assumption that most refinery operations could have Carbon Capture and Sequestration 
(CCS) implemented by 2030 – this has already been discarded by CARB staff after it was 
documented as infeasible for refineries (see below), and also since it cannot be considered 
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until after federal pipeline safety regulations are updated for concentrated CO2 transport 
from oil refineries to the Central Valley.6 


6 “For example, SB 905 (Caballero, 2021-2022 legislative session, enrolled by the legislature 
but not signed by the Governor at the time of writing) does not allow for the transport of 
concentrated carbon dioxide via pipelines until a federal CO2 pipeline safety rulemaking is 
completed. It is unknown at this time when that rulemaking will conclude.” REA, p. 16. Note 
this was subsequently signed by Governor Newsom, Sep. 16, 2022: S905 California: Carbon 
sequestration: Carbon Capture, Removal, Utilization, and Storage Program, Trackbill.com” 


Response: CARB discarded the assumption used in the Draft Scoping Plan modeling that 
CCS could begin in 2023 and adjusted that to begin 2028. However, CARB did not change 
the existing modeling assumption that CCS could be operational in 2030 to cover a majority 
of emissions at petroleum refinery operations in the state. The 2030 date reflecting CCS on a 
majority of petroleum refining operations by 2030 remains accurate and part of the project 
description. 


R33-3: The commenter states, “We appreciate that the evaluation of CCS has been updated 
to add previously missing information regarding CO2 pipeline hazards, but it is still 
incomplete – it does not adequately evaluate and provide feasible mitigation for extremely 
harmful impacts from overcrowding oil refineries, and transporting and sequestration of 
CO2.” 


Response: Please refer to Master Responses 2 and 3. It is not clear what the commenter’s 
overcrowding concern refers to (for example, whether it refers to personnel or equipment 
[and if equipment, which aspects]), or how it translates to potential environmental hazards. 
CARB therefore cannot offer a more specific response to that concern. 


R33-4: The commenter states, “I. Petroleum Refining in the Project Description must 
include beginning planning refinery phasedown, and correct errors regarding availability 
of CCS 


For Oil Refineries, the Sept. 9th draft REA Project Description table of actions (p. 17) is 
unchanged from the original May 10, 2022 EA Project Description (p. 15). The REA contains 
two errors requiring updating: A) the Governing Board and EJAC directed staff to add 
actions to the Scoping Plan to begin planning to manage a long-term phasedown of Oil 
Refining and Oil Drilling in California, and B) CCS is known to be unavailable for the majority 
of refinery operations by 2030. The REA still includes the inaccurate and outdated 
descriptions: 


Table 2-1: Actions for the Proposed Scenario: AB 32 GHG Inventory Sectors8 
Petroleum Refining CCS on majority of operations by 2030 Production 


reduced in line with petroleum demand 
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A)  The Refinery description in Table 2-1 should have been amended to include beginning 
phasedown planning as instructed by the Board and EJAC 


During the Sept. 1, 2022 joint meeting of CARB Governing Board (and Environmental Justice 
Advisory Committee) directed staff to add the beginning of planning on Oil Refinery and Oil 
Extraction phaseout. Here are a few of the statements made by CARB Governing 
Boardmembers and EJAC members9 (many others were made): 


Sharifa Taylor, EJAC Co-Chair, beginning 1:10:26: “We want to move actually into 
our recommendations for the refinery phaseout, or just transition… By 2024 … 
CalEPA should lead the adoption of an interagency plan to manage the decline of 
California oil refinery production of gasoline, diesel, and other fossil fuels, as it 
reflects California’s climate laws and zero emission transportation policies by 2045.”  


Kiran Chawla, JD/PhD Candidate, EJAC, proxy for Connie Cho, EJAC, 45:57: “CARB 
should develop and complete a petroleum transition plan by 2024 that lays out a 
vision for production phase out of petroleum refining by 2045, including the 
development of interim targets.”  


Chair Randolph, CARB Governing Board beginning 1:22:50: “We would like some 
paragraphs added to the Scoping Plan calling on the Governor to convene an 
interagency working group to assess the transition of not just refineries, but also I 
think it needs to include extraction… ”   


CARB Boardmember Kracov, beginning1:18:47: “If you don’t pay attention to where 
you’re going, you’re probably gonna end up somewhere else. So on this issue, we 
discussed last time, sending a strong signal - language to signal the need for 
candid, prudent deliberation, and planning. Maybe multi-agency, on the petroleum 
phase out to disclose the constraints and tackle all these tough questions.”  


CARB Boardmember Dr. Balmes, 1:32:09: “I totally support a phaseout plan"  


CARB Boardmember Hector De la Torre, 1:21:51: “On this issue of oil and gas um 
back in June I spoke up on this and I still believe it to this day. Since then I’ve been 
telling people that I know that this is the direction that we need to go, from other 
agencies, electeds, etc. I believed it then, I believe it now. 


Many other statements, recommendations, and directions to staff were made directing 
phaseout, and also asking for evaluation and care for worker training and community 
transitions and impacts, rebate incentives for clean electric vehicles, and special attention to 
different transportation and electricity charging needs in rural areas.   


In addition, Sharifa Taylor, EJAC Co-Chair referenced the PERI10 report as a model, labor-
supported plan regarding how oil industry phasedown can could be carried out with worker 
training support. Because a full transcript is not clearly available online, it was not easy to 
provide a set of all the quotes here, but the full conversation is available at the footnoted 
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link. Boardmember Takvorian added comments supporting such planning and the need for 
timelines and details, and Boardmember Hurt added comments of general support, as did 
others.  


Consequently, the Project Description Table 2-1 Actions must be updated, for example as 
follows:  


Table 2-1: Actions for the Proposed Scenario: AB 32 GHG Inventory Sectors11: example 
correction  
Petroleum Refining CCS on majority of operations by 2030  


CCS consideration is delayed until after federal pipeline 
safety regulation updates for concentrated CO2 transport  
Production reduced in line with petroleum demand  
By 2024, develop near and long-term plans through an 
interagency taskforce to manage the decline of oil refining 
and oil extraction (fossil fuel supply phasedown), in line 
with California’s climate and zero emission transportation 
goals (for reduced fossil fuel demand by 2045).  


Additional detail on planning workforce training and community transition need to be 
developed for the new Scoping Plan update, and consistently addressed in the REA. 


9 Video recording available at: https://cal-span.org/meeting/carb_20220901/” 


Response: Please refer to responses to comments R33-1 and R33-2.  


The Scoping Plan Scenario modeling indicates that demand for petroleum will decline over 
time, though ultimately some demand will persist through 2045. In the Scoping Plan 
Scenario, CARB modeled a phasedown of refining activity in line with meeting petroleum 
demand and therefore including sufficient availability of finished fuel products. The Scoping 
Plan Scenario results in California petroleum refining emissions of 4.5 MMTCO2e in 2045 
without CCS, corresponding to a reduction of approximately 85 percent129 relative to 2022 
levels and is in line with the decline in in-state finished fuel demand and does not assume any 
need for ongoing operations to support exports to other states. Emissions from refining can 
be reduced further through the application of CCS technology. This is consistent with the 
reduction in refining commensurate with declining, but residual, demand in the 2022 Draft 
Scoping Plan. The reasonably foreseeable compliance responses associated with the 
petroleum refining sector are discussed in the project description in Chapter 2 of the 
Recirculated Draft EA related to decreases in oil and gas use actions, low carbon fuels 
actions, mechanical CDR and CCS actions, and improvements in oil and gas facilities actions. 
Therefore, CARB disagrees with the commenter’s assertion that the updated Scoping Plan 
Scenario modeling warrants a change to the project description. 


 
129 CARB. 2022 Scoping Plan. p.106, https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp.pdf. 



https://cal-span.org/meeting/carb_20220901/
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The refinements to the project description proposed by the commenter also address 
program development and design and policy-oriented implementation activities associated 
with the SB 905 program and transition planning related to the phasedown of petroleum 
refining in line with demand, including workforce development and equity considerations for 
communities. These are outside the scope of the project. However, to improve clarity, CARB 
will adjust the petroleum refining language in Table 2-1 of the Final EA as described in the 
response to comment R33-5. 


R33-5: The commenter states, “B) “CCS on majority of operations by 2030” for oil 
refineries has already been found by CARB and others as not achievable; DOE’s expert 
and spokesperson agrees 


The original EA modeling assumed widespread refinery CCS could by implemented starting 
immediately, ramping up to capturing 13 million tonnes of CO2 by 2030 at oil refineries.12 
However, CARB later reviewed these assumptions and concluded that CCS is currently non-
existent at oil refineries in California, and that the modeling assumptions for large quantities 
of CO2 captured could not be met by 2030.13 Outside California, there are only a small 
handful of refinery-related CCS projects, with many having failed to achieve their own goals 
to reduce emissions.14  


CCS for oil refineries has been documented to require specialized design due to size, age, 
and severe space constraints at refineries, limiting CCS applicability to a small number of 
CO2-emitting combustion units (and not practical for the “majority” of operations).15 The 
timeline for refinery CCS implementation would require customized engineering design, 
environmental review, permitting, and construction, and would not be achievable even in 
limited operations for oil refineries until closer to the end of the decade. We submitted 
extensive comments through CEJA documenting industry and regulatory statements of the 
severe refinery space constraints and major hazards reducing maintenance access and 
increasing accidents. These comments are still relevant and incorporated by reference. If 
CARB attempted to implement widespread CCS requirements in refineries on the majority of 
operations by 2030, this would increase the already high dangers of explosions, spills, and 
fires at refineries.  


We supplement our previous comments with additional information below.  


Application of CCS to the “Majority of operations” was originally given more meaning in the 
original Scoping Plan, where the original modeling provided the volume of CO2 in metric 
tonnes each year expected captured. That document assumed large volumes of refinery 
emissions could be captured through CCS (13 million tonnes/year by 2030). This volume 
definition was shown infeasible.  


But now, without availability of the new modeling (not expected until November), there is no 
public gauge at all defining the “majority of operations” (either in quantities expected 
captured), nor in terms of defining which parts of the refinery would be equipped with CCS. 
16 This leaves a big gap in Project Description, and environmental impact analysis.  
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Definition of “majority” is necessary, to identify not only volumes CARB is projecting to be 
captured, but also which refinery processes would be possible candidates, what portion of 
emissions might be capturable, and how large a portion of refinery real-estate would be 
needed. Evidence shows that only a portion of oil refinery combustion emissions can be 
captured and that large portions of refinery property are not available to add more 
equipment if safety isn’t to be further compromised. (Pilot projects to develop “compact” 
CCS modules footnoted by CARB in the May 10th Scoping Plan, are only currently designed 
for smaller volume capture, as we documented in our previous CEJA comments.17)  


Not only is it already established that the majority of refinery operations cannot have CCS 
operable by 2030, but the Department of Energy (DOE) representative went further in public 
comments. The keynote speaker Dr. Jennifer Wilcox, DOE, Office of Fossil Energy and 
Carbon Management, stated at the CCS Symposium Sept. 29th, 2022 in Stockton: “Carbon 
capture is not the right tool for refineries.” We agree. CARB staff helped convene and were 
present at this symposium and have access to notes and a recording of this event, which we 
incorporate by reference. 


12 For example, see Attachment A, May 13, 2022, CBE, FACT CHECK: California’s 2022 Draft 
Scoping Plan for Oil Refineries, Released Data Show CARB Relies on Unfounded 
Assumptions for Carbon Capture in the Refinery Sector, Making Results Invalid 


13 In an April 2022 public workshop CARB agreed that these assumptions were incorrect. In 
response to such comments, CARB also agreed in the subsequently published May 2022 
draft Scoping Plan that “[w]hile the modeling included CCS as being available in the first half 
of this decade, implementation barriers now indicate that is unlikely, and those emissions will 
be emitted into the atmosphere. For the Final 2022 Scoping Plan, the modeling will reflect 
updated assumptions for the earliest deployment of CCS for any sector in California.” Draft 
Scoping Plan at 68. Moreover, during the May 23, 2022 meeting of the Environmental Justice 
Advisory Committee (EJAC), CARB staff acknowledged that they now assume refinery CCS 
will be unavailable until “later this decade.”  
14  For example, see previously cited CEJA Scoping Plan comment of June 24, 2022, at p. 19, 


available at https://www.arb.ca.gov/lists/com-attach/4459-scopingplan2022-
UDMAY1Y9V2VQCQBk.pdf  


15  CEJA, Id, pp. 20-27  
16  This is an example of the problem with publishing an environmental assessment before 


publishing the project or program document itself (in this case – the updated Scoping 
Plan and updated modeling). We have never seen an environmental assessment published 
under CEQA before the full project was defined.  


17  CEJA, Id, pp. 27-29” 


Response: Regarding previous CEJA comments, please refer to responses to comments 670-
1 through 670-22. 


The commenter states the lack of new modeling results at the time of publishing of the 
Recirculated Draft EA leaves a gap in the project description in terms of defining the 
“majority of operations” with respect to quantities captured by CCS and defining which parts 
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of the refinery would be equipped with CCS. As further explained in the response to 
comment R33-2, CARB adjusted the modeling such that CCS begins in 2028, which also 
results in slightly less CO2 being captured by 2030 and 2045 from refining operations in the 
final 2022 Scoping Plan than in the Draft. Furthermore, as described in the response to 
comment R33-6, the large amount of process GHG emissions from these units at refineries 
means CCS can be applied on specific refinery operations and capture a large fraction of that 
refinery’s total GHG emissions, such that applying CCS to 70% of total refinery emissions and 
an assumed 90% capture efficiency for the CO2 capture and separation unit is not an 
unreasonable assumption for modeling purposes. As shown in the modeling for the Scoping 
Plan Scenario, by 2045, refinery GHG emissions are reduced by 85 percent compared to 
2022 levels without CCS (4.5 MMTCO2e).130 As described throughout the Recirculated Draft 
EA, the 2022 Scoping Plan (the proposed project) is a high-level, programmatic statewide 
planning effort that projects many years into the future, and that discusses measures that 
would require complementary actions by many other agencies across the state. Given the 
uncertainty inherent to this type of project, CARB has made a good-faith effort to project the 
scope of potential CCS projects, and in analyzing their potential impacts. The potential 
environmental impacts associated with CCS on existing industrial facilities are described 
throughout Chapter 4 of the Recirculated Draft EA, to the extent they are reasonably 
foreseeable at this time. Therefore, the project description in the Recirculated Draft EA 
remains valid and CARB disagrees there is a gap in the Recirculated Draft EA.  


However, to improve clarity, CARB will adjust the petroleum refining language in Table 2-1 of 
the Final EA to read as follows: 


CCS on majority of operations by 2030 


CCS is delayed until 2028 to allow for permitting and SB 905 related pipeline safety 
regulations to be in effect. Amount of CCS continues to be limited to large units at a 
refinery site.  


Production reduced in line with petroleum demand 


The commenter does not further identify how they believe the project description is 
deficient, including identifying new or increased environmental impacts associated with their 
project description related comments. CARB acknowledges Dr. Wilcox’s statement at the 
September 2022 CCS Symposium that there are many CO2 streams at a refinery and not all 
of those emissions may be economical to capture. Relatedly, CARB’s modeling reflects CCS 
on only a portion of refinery GHG emissions, consistent with a working paper authored by Dr. 
Wilcox that recommends use of CCS on specific sources of process emissions at refineries.131 
CARB also notes that when discussing application of CCS on refineries, Dr. Wilcox discussed 


 
130 See AB 32 GHG Inventory Sectors Modeling Data Spreadsheet, 
https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx  
131 World Resources Institute. 2021. Technological Pathways for Decarbonizing Refinery Emissions. September. 
Available at: https://files.wri.org/d8/s3fs-public/2021-10/technological-pathways-decarbonizing-petroleum-
refining.pdf?VersionId=oCHsIJ44.gemRzzrXlix7dYSIQD0OFrW.  



https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx

https://files.wri.org/d8/s3fs-public/2021-10/technological-pathways-decarbonizing-petroleum-refining.pdf?VersionId=oCHsIJ44.gemRzzrXlix7dYSIQD0OFrW

https://files.wri.org/d8/s3fs-public/2021-10/technological-pathways-decarbonizing-petroleum-refining.pdf?VersionId=oCHsIJ44.gemRzzrXlix7dYSIQD0OFrW





2022 Scoping Plan 
Response to Comments   Responses to Comments 


362 


opportunities with refineries of the future that would be producing sustainable aviation fuels 
(SAF), biofuels, and synthetic fuels and could meet their heat needs with hydrogen, while also 
incorporating “polishing” systems to address remaining NOx emissions – resulting in overall 
lower polluting operations. The Scoping Plan Scenario also envisions this reduction in liquid 
petroleum fuels and substitution with cleaner fuels; the scenario results in a reduction in 
liquid petroleum fuels of 94 percent and a reduction in total liquid fuels (e.g., petroleum, 
ethanol, renewable diesel, SAF) of 85 percent in 2045 from 2022 levels.132 CARB also notes 
that Legislative direction provided by SB 905 reinforces the inclusion of CDR technologies as 
part of the state’s climate strategy, where appropriate. Furthermore, the Carbon Capture, 
Removal, Utilization, and Storage Program to be developed by SB 905 includes evaluating 
the efficacy and viability of CCS and CDR technologies to ensure that the technology 
deployment will reduce GHG emissions and minimize land use and other potential 
environmental impacts, such as those described in the Recirculated Draft EA. 


Regarding the commenter’s concerns about available space at facilities and the potential for 
equipment overcrowding, CARB responds that the 2022 Scoping Plan does not in any way 
mandate the use of CCS at particular facilities. Further consideration and procedural steps 
would need to take place before CCS is implemented for any particular purpose at a given 
facility. Most of the comment appears directed at logistical and planning considerations, 
rather than potential adverse environmental impacts relating to the equipment issues 
described. CARB disagrees with the commenter’s contention that adding carbon capture-
related infrastructure would present potential safety-related issues beyond those analyzed in 
the Recirculated Draft EA. Please also refer to Master Responses 2 and 3. 


R33-6: The commenter states, “C) Refinery Title V permits provide detail on refinery fossil 
fuel combustion units, encompassing far more than Hydrogen Production & FCCs as largest 
CO2 sources 


In order to further illustrate the large numbers of operations where CCS in refineries would 
need to be applied if CARB expected to cover the majority of large refinery combustion 
sources, CBE made the effort to compile from publicly available Title V permits, a list of 
refinery combustion units and their capacity (firing rate for burning natural gas or refinery gas 
in millions of BTUs18 per hour, resulting in CO2 and other emissions). We also previously 
provided other lists of the large numbers of combustion units at South Coast refineries in our 
previous CEJA comments documented in NOx Regulation 1109.1, which are still relevant 
(though not as detailed as the table below for an individual refinery, regarding specific 
refinery combustion units). Unfortunately, this issue is still receiving a trivial level of evaluation 
in the REA.  


The Title V permits establish the large number of refinery fossil fuel combustion processes 
which would need to be controlled if CARB meant to include CCS on “the majority” of 
refinery operations by 2030 in the Scoping Plan.   


 
132 Ibid. 
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CARB has already found the notion of applying CCS to the majority of operations as 
untenable, as previously cited. And in fact, CARB only briefly identified three specific refinery 
operations in the original Scoping Plan: 1) refinery Hydrogen Plants (Steam Methane 
Reformers or SMR), 2) refinery Electricity production (combined heat and power), and 3) 
[Fluid] Catalytic Cracking units (FCCs), stating in the May 10, 2022 Scoping Plan: “Refineries 
can have a variety of point sources that emit CO2, such as steam methane reformers for 
producing hydrogen, combined heat and power units, and catalytic crackers.” (p. 68)  


We show at least ten major refining activities would need to be covered if the majority of 
CO2 emissions were to be addressed. Each of these ten categories have multiple separate 
combustion units, requiring separate controls. It is not feasible to cover all these refinery 
operations with CCS, underscoring the lack of realism in having a general and undefined goal 
of covering “the majority of operations” at refineries. It appears that CARB has not actually 
evaluated the scope of refinery operations in this regard, but instead relied on hopeful and 
generalized thinking, but technically flawed concepts. 


As a real-world example, we extracted Title V permitting information for the Tesoro / 
Marathon Carson refinery, which has about 36 major boilers, heaters, furnaces, and turbines 
listed in its most recent Title V permit. To address 90% of the emissions from these (a 
percentage repeatedly stated by CARB as achievable for CCS capture) would require 
equipping the largest 19 out of the 36 below, encompassing ten different major refinery 
processes: 1) Electricity Generation, 2) Hydrogen Generation, 3) Crude Oil Distillation, 4) 
Vacuum Distillation, 5) Catalytic Reforming, 6) Hydrocracking, 7) Fluid Catalytic Cracking, 8) 
Coking, 9) Steam Generation, and 10) Hydrotreating.   


Thus, at a refinery like Tesoro Carson – CCS would need to be applied separately to each of 
19 major combustion units if CARB wished to assume it could capture CO2 resulting from 
90% of the fuel combusted in the list of boilers and heaters below.19  


The Tesoro / Marathon Los Angeles Refinery (Carson) from largest to smallest20 
Size (in Million BTUs of 
fuel combusted per 
hour, or MMBTU/hr) 


Refinery System/Process 
(from Title V permit) 


Equipment description (from 
Title V permit) 


985 Electricity Generation Gas Turbine 
650 Hydrogen Production Heater, Primary Reformer 
550 Crude Dist. Unit Heater, No. 1 
427 Hydrogen Production Heater RW0054 
360 Vacuum Distill. Unit Heater No. 51 
310 Catalytic Reforming Heater No. 2 Reformer #015 
255 Cat Reform. Unit Heater No. 1 Reformer 014 
173 Hydrocracking Heater, Reboiler No. 017, 


Hydrocracker Fractionator 
171 Catalytic Reforming Heater, No. 3 Reformer, No. 


016 







2022 Scoping Plan 
Response to Comments   Responses to Comments 


364 


165 Fluid Catalytic Cracking Heater RPV 2319, 
Regenerator Startup Air 
Heater 


150 Crude Dist. Unit Heaters System 4- Heater, No. 21, No. 
2 Crude Oil Distillation 


130 Coking & Resid. 
Conditioning 


Heater, No. 1 Delayed Coker 
Unit (West) 


130 Coking & Resid. 
Conditioning 


Heater, No. 1 Delayed Coker 
Unit (East) 


130 Coking & Resid. 
Conditioning 


Heater, No. 2 Delayed Coker 
Unit 


130 Crude Oil Distillation Heater, No. 4 Crude Oil 
Distillation Charge 


120 Crude Oil Distillation / 
Vacuum 


Heater, No. 52 Vacuum Unit 


100 Crude Oil Distillation Heater No. 22, No. 2 Crude 
Oil Distillation 


89 Fluid Cat Cracking Heater, Fluid Cat Cracking 
Feed 


82 Hydrotreating Heater No. 018, Mid-barrel 
Stabilizer Reboiler 


80 Hydrotreating Heater FCC HDS 
(HydroDesulfurization) Unit) 


52 Catalytic Reforming Heater, No. 1 Reformer 
Desulfurizer 


52 Hydrotreating Heater No. 018, Mid-barrel 
Stabilizer Reboiler 


39 Catalytic Reforming Heater No. 2A, Process 
Reformer 


39 Cat Reforming Heater No. 2, Desulfurizer No. 
2B 


39 Hydrocracking Heater, No. R1 
39 Hydrocracking Heater No. R2 Recycle Gas 
39 Hydrocracking Heater No. R4 
39 Hydrocracking Heater No. R3 Recycle Gas 
24 Hydrotreating Heater, Jet Treater R-1 
22 Hydrotreating Heater Light Gasoline 


Hydrogenation Feed 
12.5 Hydrotreating Heater, RW 0053, Naphtha 


HDS Reactor 
11 Hydrotreating Heater, Jet Treater R-3 
10 Hydrotreating Heater, Jet Treater Stabilizer 


Reboiler 
4.9 Fluid Catalytic Cracking Propylene Tetramer Reboiler 
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3.9 Crude Oil Distillation Slop Oil Rerun Unit Heaters 


The total fuel combustion capacity above is in 5,614 million BTUs per hour. (See attached pdf 
of spreadsheet (Attachment A) – the live spreadsheet is available on request.) Using the CO2 
Emission Factor of 53.06 kg/MMBTU for combustion of natural gas results which was used by 
Tesoro during their 2017 environmental permitting,21 results in CO2 emissions of about 1.3 
million metric tonnes/year (MMt/yr).22 Capturing 90% of the combustion capacity (shaded in 
blue above) would capture about 1.2MMt/yr.23 This emission factor may be a major 
underestimation of actual combustion emissions but regardless illustrates the large 
percentage of processes which would need to be controlled to reach 90%.  


We could similarly compile the Tesoro Wilmington, and other California refinery combustion 
units from their publicly available Title V permits. Such detail in permits only adds to the 
already overwhelming evidence that complex refineries cannot readily include CCS on the 
majority of operations by 2030.   


A similar distribution of the largest CO2-generating combustion sources operating across 
multiple refinery operations (representing “the majority of operations”) would be expected 
at refineries statewide. These units combust mainly Refinery Gas and Natural Gas, and also 
cause large emissions of Nitrogen Oxides, Particulate Matter, and other pollutants harmful to 
local health, in addition causing regional ozone formation.  


The REA must be corrected to remove the goal of CCS on a “majority of refinery operations” 
by 2030 for all of the above reasons. If not, CARB would need to provide an analysis showing 
the feasibility and potential impacts of adding CCS to each of these known process units 
above, and consider alternatives to each of these. Further, CCS at refineries must not even 
be considered by CARB before major improvements in federal CO2 pipeline standards. 


18  British Thermal Units 
19  We used fuel combustion capacity as a surrogate for CO2 emissions – the more fuel a unit 


can combust, the more CO2 emitted. These units generally operate continuously. CARB 
can readily fill in this chart to provide actual CO2 emitted for each source, or we could 
calculate using a standard emission factor for each, but fuel combustion percent is a 
reasonable approximation of percent CO2 emissions.  


20  Tesoro Refining and Marketing, Facility ID 174655 (aka Marathon), 6/24/22 Title V Permit, 
available through SCAQMD “FIND” query, at https://www.aqmd.gov/nav/FIND . We have 
also attached more detailed spreadsheets compiling the list above, providing the 
Application #, the individual equipment Unit #, and the page number in the Title V permit, 
as well as the Title V permit itself.  


21  Tesoro Los Angeles Refinery Integration and Compliance Project, Appendix A: Summary 
of Emissions, Table A-2: Carson and Wilmington New and Modified Heater Emissions 
(Potential to Emit), Emissions Factors, Appendix B-3, p. B-347.  


22  5,614 MMBTU/hr X (53.06 kg CO2 /MMBTU of Natural Gas combusted, per 40 CFR 
Default) ÷ (1000kg/metric tonne) X (8760 hrs/year) = 2.6 million metric tonnes CO2 per 
year (MMt/yr).  


23  >90% of 2.6 MMt/year = ~2.4 MMt/year” 
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Response: This comment questions the feasibility or effectiveness of the 2022 Scoping Plan 
in achieving the stated GHG reduction goals. The commenter frames their comment as 
relating to the accuracy of the project description. However, the concern relating to the 
project description is one of feasibility (i.e., whether certain stated goals can be achieved. 
CARB disagrees with the commenter’s statements that these goals cannot be achieved. 
Furthermore, this comment does not raise specific issues related to the adequacy, accuracy, 
or completeness of the Recirculated Draft EA; rather, it presents policy questions or 
disagreements regarding the 2022 Scoping Plan itself. No further response is required by 
CEQA.  


However, for purposes of transparency, CARB has chosen to respond to specific assertions in 
the comment regarding the role of CCS in the 2022 Scoping Plan. The comment implies that 
the Scoping Plan Scenario requires 90% of refinery GHG emissions to be captured by CCS. 
This is a misunderstanding of the Scoping Plan Scenario. CARB has communicated that in 
modeling the Scoping Plan Scenario, CCS is applied to 70% of total refinery operations and a 
90% capture efficiency is assumed for the CO2 capture and separation unit. 


CARB has indicated that hydrogen production units, fluid catalytic cracking units, and 
electricity and cogeneration units make up approximately 70% of total refinery operations. 
Therefore, CCS could be applied to a relatively limited number of units at a refinery to 
achieve the CCS emissions reduction targets modeled in the Scoping Plan Scenario. The 
comment relies upon Title V permits, which focus on criteria pollutant emissions, for fuel 
combustion equipment to assert that a much higher number of refinery units would require 
carbon capture to cover a significant fraction of refinery GHG emissions. CARB emphasizes 
that (a) fuel combustion capacities for specific units listed in Title V permits may be only 
roughly indicative of combustion emissions, and (b) a large fraction of GHG emissions at 
petroleum refineries are process emissions from hydrogen production and fluid catalytic 
cracking (FCC) units. For refineries, Title V permits for fuel combustion equipment are not an 
accurate tool to infer either relative GHG emissions from process units and equipment or 
total facility GHG emissions. By using Title V permits for fuel combustion equipment, the 
comment overlooks the large amount of process GHG emissions from hydrogen production 
units and fluid catalytic cracking units. When properly accounting for the large amount of 
process GHG emissions from these units it becomes apparent that CCS can be applied at a 
limited number of locations at a refinery and capture a large fraction of that refinery’s total 
GHG emissions. 


R33-7: The commenter states, “D) Refineries cause many other harms, such as major 
cancer-causing benzene emissions from Storage Tanks and leaking fugitive sources 
(valves and seals); CCS would not cover any of these, leaving communities with continued 
toxic emissions 


We could similarly performing a time-consuming list the even larger number of refinery 
storage tanks from Title V permits and other sources at refineries – these are even more 
numerous than heaters and boilers. It is important for CARB and decisionmakers to realize 
that such petroleum storage tanks (which emit cancer-causing and smog-forming chemicals, 
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even after decades of regulations to tighten emissions) are entirely uncontrolled by CCS 
(which is for the purpose of capturing CO2 from combustion).  


Consequently, generalized ideas that CCS could somehow address the harms to EJ 
communities is entirely unrealistic and uninformed regarding the number of different 
operations at refineries. It is important to recognize that these operations are inherently 
polluting and must be phased down, not only to protect the climate, but to protect health of 
nearby neighbors (as well as workers) over time.” 


Response: The comment states that the impacts of continued oil and gas production and 
refining must be analyzed in the Recirculated Draft EA, and that CCS would not remove all of 
the pollutants associated with these operations. However, an EA is required to compare the 
existing conditions to implementation of the project (i.e., the 2022 Scoping Plan). The 
Recirculated Draft EA does not indicate that CCS would address the harms EJ communities. 
Rather, the Recirculated Draft EA provides an analysis of the environmental impacts that 
would result due to implementation of the reasonably foreseeable compliance responses 
associated with the 2022 Scoping Plan, as required under CARB’s certified regulatory 
program. No changes to the Recirculated Draft EA are required. 


R33-8: The commenter states, “II. CCS - CO2 Pipeline and other CCS hazards are still 
inadequately assessed 


Especially since the Scoping Plan still proposes CCS on the majority of refinery operations, 
and has not yet seriously evaluated the impacts on complex, overcrowded refinery 
operations, weighed the seriousness of CO2 pipeline impacts, the leaking potential in the 
Central Valley, nor incorporated severe health impact information presented at the late 
September CCS Symposium in Stockton (where CARB took part with other regulators and EJ 
organizations), we are looking forward to supplementing our comments on this issue after 
the full Scoping Plan and modeling are updated, and hopefully the REA is as well.” 


Response: Please refer to Master Responses 2 and 3. 


R33-9: The commenter states, “Combustion of hydrogen creates large volumes of NOx 
(even more than combustion of natural gas24), harming health, due to presence of nitrogen in 
the atmosphere. (Hydrogen use in fuel cells on the other hand, do not create NOx). EJ 
communities need to eliminate such health-harming sources. 


24  The Chemical Engineer, Hydrogen, The Burning Question, “Disadvantages include: • the 
higher flame speed increases the flame temperature locally, which can generate high 
levels of NOx;”” 


Response: The Scoping Plan Scenario includes new hydrogen combustion turbine capacity as 
a dispatchable resource selected by the RESOLVE model for the electricity sector to provide 
energy to meet demand or to meet resource adequacy needs, including meeting California’s 
planning reserve margin. Hydrogen combustion turbines are being selected as resource 
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adequacy133 needs increase, but the modeling results show the resource is not needed to 
provide energy. CARB agrees that any NOx emissions associated with use of hydrogen in 
stationary source equipment above established thresholds will need to be addressed through 
the local air district permitting process, including requirements for best available control 
technology. It should be noted that the combustion-based fuel consumption in the electricity 
sector in the Scoping Plan Scenario does not include hydrogen combustion turbines as a 
source of energy.134 Therefore, the modeling indicates that this capacity is selected for 
resource adequacy/reliability purposes and any emissions from hydrogen combustion 
turbines are expected to be minimal in comparison to the overall reduction in emissions from 
the transition to renewable and zero-carbon resources in the electricity sector. 


R33-10: The commenter states, “The existing infrastructure in California to produce 
hydrogen is large and polluting, making it very likely dirty hydrogen use will expand. CCS can 
only partially eliminate some of the impacts of fossil-fueled hydrogen production.” 


Response: CARB disagrees that use of “dirty hydrogen” is likely to expand as a result of the 
2022 Scoping Plan. Fossil fuel is not included as a source of hydrogen in the Scoping Plan 
Scenario. Furthermore, the 2022 Scoping Plan also calls for accelerating the transition from 
combustion of fossil fuels to hydrogen and other alternatives. Hydrogen can be produced 
through electrolysis with renewable electricity or through steam methane reformation of 
biomethane. There is a high degree of uncertainty around the availability of solar to support 
both electrification of several existing sectors and the production of hydrogen through 
electrolysis in the near-term. Producing hydrogen required under the Scoping Plan Scenario 
with electrolysis would require about 10 gigawatts (GW) of additional solar capacity. If steam 
methane reformation is paired with CCS, the hydrogen produced could potentially be low 
carbon. Additionally, the biomethane used to generate hydrogen could be sourced from 
gasification of forest or agricultural waste resulting from forest management and other 
natural and working lands management practices, which could also lead to net negative 
carbon outcomes. Steam methane reformation paired with CCS can thus ensure a rapid 
transition to hydrogen and increase hydrogen availability until such time as electrolysis with 
renewables can meet the ongoing need, assuming there is also sufficient water supply. Fossil 
fuel is not included as a source of hydrogen in the Scoping Plan Scenario. Additional 
background and next steps for CCS can be found in Chapter 4 of the 2022 Scoping Plan. 


R33-11: The commenter states, “Even green hydrogen (produced from water using 
renewable energy) has major impacts which must be carefully considered, including 
requirements for large amounts of water, and extreme amounts of renewable energy to 
power electrolysis (which is a relatively inefficient process25). 


25 GTM: A Wood Mackenzie Business, Energy, So, What Exactly Is Green Hydrogen?, [“The 
business case for green hydrogen requires very large amounts of cheap renewable electricity 


 
133 CPUC. Resource Adequacy Homepage. https://www.cpuc.ca.gov/industries-and-topics/electrical-
energy/electric-power-procurement/resource-adequacy-homepage 
134 See AB 32 GHG Inventory Sectors Modeling Data Spreadsheet, Electricity Sector Combusted Fuels, at: 
https://ww2.arb.ca.gov/sites/default/files/2022-11/2022-sp-PATHWAYS-data-E3.xlsx 
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because a fair amount is lost in electrolysis. Electrolyzer efficiencies range from around 60 
percent to 80 percent, according to Shell. The efficiency challenge is exacerbated by the fact 
that many applications may require green hydrogen to power a fuel cell, leading to further 
losses.”]” 


Response: Electrolysis manufacturing plants may require a considerable water supply. 
Because hydrogen production technology is evolving, a precise estimate would be 
speculative. However, the demand for input water for electrolysis would need to be 
consistent with state water law. California’s water management system includes the need of 
contracts with water suppliers for surface water and compliance with sustainable ground 
water plans for ground water. As discussed under Section 4.19.a in the Recirculated Draft EA, 
“[t]hrough the environmental review process, utility and service demands would be 
calculated, and agencies would provide input on available service capacity and the potential 
need for service-related infrastructure, including expansions to wastewater treatment plants, 
new water supply entitlements and infrastructure, stormwater infrastructure, and solid waste-
handling capacity (e.g., landfills).” Furthermore, projects with large water demands, including 
those demanding an amount of water equivalent or greater to a 500 dwelling unit project, 
are subject to preparation of a water supply assessment (WSA) under California Water Code 
Sections 10910 through 10915 (commonly referred as SB 610). A WSA must provide detailed 
information regarding water availability from the relevant water provider, which decision-
makers must consider prior to approval of development projects. The purpose of providing 
such information is to ensure that prudent water supply planning has been conducted, and 
that planned water supplies are adequate to meet existing demands, anticipated demands 
from approved projects, and the demands of proposed projects.  


The environmental impacts of renewable energy projects, including impacts to water 
resources, are addressed throughout Chapter 4 of the Recirculated Draft EA. 


R33-12: The commenter states, “Hydrogen is an indirect but potent GHG, and is flammable 
and explosive.26 Leaks in hydrogen pipelines create new impacts and hazards. Hydrogen 
leaks contribute to climate change – by reacting with radicals in the atmosphere, hydrogen 
increases levels of the potent GHG methane.27 Blending of hydrogen into natural gas 
pipelines can embrittle them.28 


26  US OSHA, Green Job Hazards, Hydrogen Fuel Cells: Fire and Explosion [“Hydrogen used 
in the fuel cells is a very flammable gas and can cause fires and explosions if it is not 
handled properly. Hydrogen is a colorless, odorless, and tasteless gas. Natural gas and 
propane are also odorless, but a sulfur-containing (Mercaptan) odorant is added to these 
gases so that a leak can be detected. At present, it is hard to tell if there is a hydrogen 
leak because it has no odor to it. Hydrogen is a very light gas. There are no known 
odorants that can be added to hydrogen that are light enough to diffuse at the same rate 
as hydrogen. In other words, by the time a worker smells an odorant, the hydrogen 
concentrations might have already exceeded its lower flammability limit.”]” 


27  Warwick et al, University of Cambridge, Atmospheric implications of increased Hydrogen 
use, April 2022, Executive Summary, [“… any leakage of hydrogen will affect atmospheric 







2022 Scoping Plan 
Response to Comments   Responses to Comments 


370 


composition (with implications for air quality) and have an indirect warming effect on 
climate, partially offsetting some of the climate benefits of the reduction in carbon 
dioxide. … Leakage of hydrogen into the atmosphere will decrease the tropospheric 
concentration of hydroxyl radicals (OH), the major tropospheric oxidant, and thereby 
increase the atmospheric lifetime of methane and its impact on climate.”] 


28  Hafsi et al, Hydrogen embrittlement of steel pipelines during transients, 
https://www.sciencedirect.com/science/article/pii/S2452321618302683” 


Response: The potential hazards associated with hydrogen fuel cells are discussed on pages 
142-143 of the Recirculated Draft EA (pages 142-143): 


There are inherent risks associated with the installation and use of hydrogen fuel cells, 
including fire and explosion, electric shock, and exposure to toxic materials. Hydrogen 
possesses several hazardous properties, such as a very wide flammability range, very 
low ignition energy, low viscosity, and high diffusivity, and hydrogen is chemically 
lighter than air … However, fuel cell manufacturers developed and extensively safety-
tested carbon-fiber hydrogen tanks, which can withstand environmental and human-
made damage, including crash testing and ballistics. Hydrogen tanks are designed 
with multiple safety enhancements to prevent leaks in both routine use and extreme 
circumstances. Should a leak and subsequent ignition happen, the low radiant heat of 
a hydrogen fire and high diffusivity of hydrogen would reduce any potential damage, 
especially when compared to a gasoline fire. 


The transportation of natural gas and hydrogen gas by pipeline infrastructure that currently 
exists and operates within the United States comes under the authority of the Pipeline and 
Hazardous Materials Safety Administration (PHMSA), which operates within the Department 
of Transportation. Minimum federal safety standards for pipeline transportation of natural 
gas and hydrogen are provided in 49 CFR Part 192. 49 CFR 192 Subpart M contains 
maintenance for operation of pipelines, including surveying requirements for leaks, record 
keeping, and standards for repair of imperfections and damages. Compliance with these 
regulations would limit the degree to which leaks occur. Consistent with discussions provided 
in the Recirculated Draft EA in the third paragraph on page 143:  


Although some increased risk associated with hazardous materials could result, the risk 
is not such that a major accidental release or fire would be likely at a scale that could 
deplete emergency responders or obstruct emergency response. Therefore, increased 
demand on public services related to emergency responders is not anticipated, and 
there would be no impact on an adopted emergency response or evacuation plan. 
This impact would be less than significant.  


CPUC has not authorized system-wide injection of renewable hydrogen into California’s 
common carrier pipeline system or the procurement of hydrogen on behalf of utility 
customers. Consistent with requirements set forth under AB 1900 (Gatto, 2012) and CPUC 
Rulemaking (R.) 13-02-008 (Order Instituting Rulemaking to Adopt Biomethane Standard and 
Requirement, Pipeline Open Access Rules, and Related Enforcement Provisions), CPUC has 
issued the proposed, “Decision Directing Biomethane Reporting and Directing Pilot Projects 



https://www.sciencedirect.com/science/article/pii/S2452321618302683
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to further Evaluate and Establish Pipeline Injection Standards for Renewable Hydrogen.” The 
proposed decision directs the development of pilot projects to evaluate standards for the 
safe injection of renewable hydrogen into California’s common carrier pipeline system by 
specifying permissible injection thresholds, locations, testing requirements, and independent 
analysis. While the commenter is correct that safety issues related to injection of hydrogen 
are possible, this CPUC rulemaking would ensure that potentially hazardous conditions 
associated with hydrogen injection into pipelines would not be significant. 


R33-13: The commenter states, “B. California’s major production of hydrogen from fossil 
fuels for refinery use, and non-existent green production at present, gives dirty hydrogen 
the economic and logistical advantage for some time in the future 


Existing large volumes of fossil-fuel produced hydrogen (called grey hydrogen) and lack of 
green hydrogen (made from renewable energy), make it predictable that most hydrogen 
production in California for at least a decade will be grey. Oil refineries and their associated 
third-party hydrogen producers have an economic advantage over green hydrogen 
producers: refinery-related hydrogen plants are already built. Green hydrogen plants will 
require design, siting, construction, high operating expenses, access to renewable electricity, 
and environmental approvals.  


The REA does not define the sources of the hydrogen which it projects for use, and generally 
fails to distinguish between grey and green hydrogen in evaluating impacts. Most hydrogen 
inside (and outside) California is made using fossil fuels, for oil refineries using Steam 
Methane Reforming.30 These plants are known by CARB, which should provide an up-to-date 
listing. We provide a partial list below.  


Hydrogen plants in California are owned by 1) refineries and 2) third parties, usually operated 
next to or even on refinery property. The trend for a decade has been for increasing 
production by third parties partnering with refineries (basically captive industries).31 The 
Renewable Hydrogen Roadmap32 provided a partial list of third parties producing hydrogen 
in California in 2016, which shows the domination of end-use by oil refineries:  


Renewable Hydrogen Roadmap Figure 4. California Hydrogen Production (January 2016) 
Producer City Technology Capacity 


(kg/day) 
Industry 


Air Products Sacramento SMR 5,542 Multiple 
Praxair Ontario SMR 20,483 Multiple 
Air Liquide El Segundo SMR 207,240 Oil Refining 
Air Liquide Rodeo SMR 289,172 Oil Refining 
Air Products Carson SMR 240,976 Oil Refining 
Air Products Martinez SMR 212,059 Oil Refining 
Air Products Martinez SMR 84,342 Oil Refining 
Air Products Sacramento SMR Unknown Food 
Air Products Wilmington RFG SMR** 385,562 Oil Refining 
Praxair Ontario SMR 28,917 Multiple 
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Praxair Richmond SMR 626,539 Oil Refining 
Total33   2,100,832  
Total third 
party 2016 
exclusive 
Refinery use 


  2,045,890  


** RFG SMR = Refinery Fuel Gas SMR – uses refinery gas byproducts, instead of natural gas 


Additional California refinery hydrogen plants not listed above: 


• In 2020 the PBF Torrance refinery sold five hydrogen plants to Air Products 
(“Torrance Refinery owner PBF Energy has sold five hydrogen plants, including two 
in Torrance”),34 adding to the above third-party capacity in Torrance and Martinez 
California, and Delaware City, Delaware, with a combined capacity of 300 million 
scf/day.35 


• The Chevron Richmond refinery also has two hydrogen plants with capacity of 
181.1 scf/day,36 with plans to expand. 


• Partnerships of oil refineries and third-party operators is common, and described in 
a 2003 Chevron El Segundo Negative Declaration (ND) CEQA review for a new 
hydrogen plant: “The new Hydrogen Plant is being developed by Air Liquide 
America, LP for Chevron. Chevron will be the operator of the Hydrogen Plant with 
Air Liquide as the legal owner.”37 The ND gave capacity at 90 million standard cu ft 
/ day38. 


• The Valero Benicia refinery operates two hydrogen plants (unknown capacity) 
which incidentally were cited for secretly venting hydrogen and other pollutants for 
years.39,40 


Worldwide, there are few industrial-scale green hydrogen plants. It would be helpful if 
updated proceedings would include listings, so that CARB could assess hydrogen within the 
current real-world circumstances – where most hydrogen is fossil-fuel produced. 


30  Steam Methane Reforming or SMR, reforms CH4 (methane) provided by natural gas, into 
hydrogen, with large amounts of CO2 and other pollutants emitted.  


31  US EIA, Jan. 20, 2016, Hydrogen for refineries is increasingly provided by industrial 
suppliers  


32  Renewable Hydrogen Roadmap, EIN (Energy Independence Now), 2019, p. 13, [“A 
significant amount of hydrogen is produced in California to supply the oil refineries (over 
2 million kg per day) while additional hydrogen is largely consumed by the food and 
metals industries. Figure 4 provides data on levels of hydrogen produced by IGCs 
[Industrial Gas Companies] to supply oil refineries.”]  


33  Note the total provided by EIN only included third party hydrogen production.  
34  Daily Breeze, Nick Green, March 31, 2020, Torrance Refinery owner sells assets as 


coronavirus pandemic tanks gas demand attached. 
35  Air Products, Air Products Signs Agreements to Acquire Five Operating Hydrogen Plants 


for $530 Million and Long-Term Hydrogen Supply to PBF Energy [“Air Products (NYSE: 
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APD) today announced it has signed agreements with PBF Energy Inc. (NYSE: PBF) that 
include the $530 million purchase of five hydrogen steam methane reformer (SMR) 
hydrogen production plants and the long-term supply of hydrogen from those already 
operating plants to PBF refineries. The SMRs, with a combined nearly 300 million 
standard cubic feet per day of production capacity, are located in Torrance and Martinez, 
California and Delaware City, Delaware.”]  


36  Chevron Products Company, Richmond Refinery, Greenhouse Gas Emission Reductions 
from the Hydrogen Plant Replacement at the Richmond Refinery, March 2021, p. 6, 
https://ww2.arb.ca.gov/sites/default/files/2021-03/2021-0319-chevron-report.pdf  


37  Final Negative Declaration for: Chevron Products Company Refinery Proposed Hydrogen 
Plant Project, (El Segundo) July, 2003, p. 1-1  


38  Id, p. 1-6.  
39  https://www.kqed.org/news/11905065/first-i-had-heard-of-it-valeros-benicia-refinery-


secretly-released-toxic-chemicals-for-years  
40  Valero Refining Company – Separate Statement, Stipulated Order of Abatement, Docket 


#3731, March 10, 2022, at https://www.baaqmd.gov/~/media/files/board-of-
directors/hearing-board/agendas/2022-hb/statement-by-respondent-filed-031022-
pdf.pdf?la=en&rev=1f4d469a92e0431881b86497fde4687c  


41  US EIA, Production Capacity at Operable Refineries, 2019.  
42  Hydrogen: 423.3 standard cu ft / kg. 1,219 million cu ft / 423.3 cu ft/kg = 2,879,754 kg 


http://www.uigi.com/h2_conv.html” 


Response: Please refer to response to comment 296-5. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the Recirculated Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter R34 


6/24/2022 Susan Saadat, Sierra Club and Earthjustice  


R34-1: The commenter states, “II. Hydrogen Blending 


The Scoping Plan should include an accurate and thorough analysis of the many risks 
associated with blending hydrogen into the gas network and also account for new policies 
that will reduce gas combustion in buildings. 


We remain very concerned that the Recirculated Draft EA continues to contemplate blending 
hydrogen into the gas network for residential and commercial heating, contrary to the 
consensus of independent experts that advise against this use. No fewer than 32 studies have 
discouraged the use of hydrogen for home and commercial heating.1 Furthermore, the 
Scoping Plan erroneously assumes 20% of the gas pipeline content will be hydrogen 
(equating to just 7% of its energy content), despite the fact that a recent study by UC 



http://www.uigi.com/h2_conv.html
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Riverside commissioned by the California Public Utilities Commission (UC Riverside Study) 
found that safety concerns become evident at blends of 5% by volume (and 2% energy 
content).2 Specifically, the UC Riverside Study identified the following risks: 


1.  Pipeline steels in gaseous hydrogen environments exhibit fatigue accelerated by more 
than 10x, fracture resistance reduced by >50%, and large effects even with exposure to 
small amounts of hydrogen (1% by volume).3 


2.  Tests on medium-density polyethylene material “identify limitations in material integrity 
for mixtures of 20% hydrogen.”4 Specifically, the median performance of plastic test 
specimens “demonstrates that with the 20% hydrogen blend, the material will rupture in 
41% of the time versus no exposure to hydrogen, for a given operating condition.”5 


3.  “There are several concerns with respect to the use of hydrogen-natural gas blends in 
household appliances,” including “overheating of components, or … increased emissions 
of nitrogen oxides (NOx).”6 


The Draft Scoping Plan and Recirculated Draft EA ignore these alarming findings, even 
though they assume a hydrogen blend four times higher than the levels that trigger the 
safety concerns detailed above. The Recirculated Draft EA also lacks any discussion of the 
costly upgrades necessary to safely accommodate the assumed level of blending (if doing so 
is even physically and logistically feasible). 


 


1  Jan Rosenow, Is heating homes with hydrogen all but a pipe dream? An evidence review 
(Oct. 2022), https://doi.org/10.1016/j.joule.2022.08.015. 


2  Arun SK Raju et al., FINAL REPORT – Hydrogen Blending Impacts Study (“UC Riverside 
Study”) (July 2022) at 4, 
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M493/K760/493760600.PDF. 


3  UC Riverside Study at 67. 
4  Id. At 3. 
5  Id. 
6  Id. At 8. 
7  E3, Achieving Carbon Neutrality (Oct. 2020) at 35, 


https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_report_oct2020_0.pdf.” 


Response: Please refer to response to comment R33-12. 


In regards to comments related to the merits of hydrogen blending in the gas system, no 
specific details related to the environmental analysis or potential environmental impacts were 
provided for which a response is warranted. 



https://doi.org/10.1016/j.joule.2022.08.015

https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M493/K760/493760600.PDF

https://ww2.arb.ca.gov/sites/default/files/2020-10/e3_cn_final_report_oct2020_0.pdf
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R34-2: The commenter states, “V. Dairies 


The Scoping Plan should examine impacts from prolonging reliance on liquid manure 
from CAFOs and discuss direct regulation of CAFO emissions as a mitigation option. 


The Recirculated Draft EA fails to analyze the reasonably foreseeable outcome that 
installations of capital-intensive anaerobic digesters and low-carbon fuel standard revenue 
will lead to persistent or even growing herd sizes at participating dairies relative to business-
as-usual, and certainly relative to the alternative where dairy pollution is regulated. Persistent 
or accelerated consolidation of dairy herds in confined feedlots that rely on liquid-based 
manure management can lead to numerous potential harms, including: 


1.  Increased or prolonged methane generation with the risk of additional methane leakage; 
2.  Increased or prolonged emissions of VOCs, PM2.5, ammonia, and nitrates;  
3.  Increased odors and other nuisances for nearby communities; and  
4.  Accelerated decline of smaller and pasture-based dairies due to distortionary incentives.19 


The Scoping Plan may not be where regulations are set, but the Recirculated Draft EA 
improperly suggests that other actors, apart from CARB, will be responsible for determining 
the outcomes of this sector. Under Senate Bill (SB) 1383, CARB has the authority to set 
regulations on methane emissions from livestock manure starting on January 1, 2024, and the 
Scoping Plan is the appropriate place to examine the options and merits of this approach, 
which has been repeatedly requested by the EJAC. 


Alternative A in the Recirculated Draft EA presents a scenario in which CARB “directly 
regulates dairies to achieve the SB 1383 methane target, with emphasis on maximizing 
deployment of alternative manure management strategies, aggressive adoption of enteric 
strategies by 2030, and increased rate of dairy herd size reduction compared to historic 
levels.”20 Unfortunately, the Draft EA fails to consider the potential co-benefits that this 
approach would provide—including avoided methane generation and associated leakage, 
improved soil carbon sequestration, reduced water consumption, reduced air emissions from 
dust and truck traffic, and reduced nitrate pollution in water—and instead assumes without 
support that this strategy would lead to “leakage” or relocation of dairies outside California. 
This is not an inevitable outcome of a strategy that transitions dairy production in California 
to a smaller or more sustainable model, especially given the significant potential of reduced 
dairy demand through healthier diets and a transition to plant-based alternatives.21 We urge 
CARB to revise its assumptions about dairy relocation and more carefully examine direct 
regulation of CAFO emissions in the final Scoping Plan. 


19  See Union of Concerned Scientists, “Manure biomethane analysis” (Jan. 6, 2022), 24-lcfs-
wkshpdec21-ws-AHVSN1MhVlpXNQRl.pdf (ca.gov). 


20  CARB, Recirculated Draft EA at 289.” 
21  Zhonxiao Sun et al., Dietary Change in High-Income Nations Alone Can Lead to 


Substantial Double Climate Dividend (Jan. 2022) Nature Food, 
https://doi.org/10.1038/s43016-021-00431-5. 



https://doi.org/10.1038/s43016-021-00431-5
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Response: The comment suggests that entities other than CARB would be responsible for 
determining the outcomes of how dairies are managed, and refers to SB 1383, which 
includes manure management components. The analysis the Recirculated Draft EA contains 
assumptions based on the reasonably foreseeable compliance responses of the 2022 Scoping 
Plan and the plan alternatives. As stated in the second paragraph on page 2 of the 
Recirculated Draft EA: 


This Recirculated Draft EA presents a programmatic analysis of the potential for 
implementation of the 2022 Scoping Plan to result in adverse environmental impacts, 
and it describes feasible mitigation measures for identified significant impacts. The 
2022 Scoping Plan is a State-level planning document that assesses the State’s 
progress toward achieving the 2030 target for reduced greenhouse gas (GHG) 
emissions and lays out a path for achieving carbon neutrality no later than 2045. Its 
approval would not lead directly to any adverse impacts on the environment, because 
CARB’s 2022 Scoping Plan approval, by itself, does not authorize any project specific 
activities that would change the physical environment. Rather, it is the first step in a 
potential sequence of public agency decisions that may lead to implementation of the 
reasonably foreseeable compliance responses disclosed herein. If approved, this 
would be a statewide plan that could lead to or inform future CARB rulemaking efforts 
or other efforts at multiple levels of government to further define requirements for 
components of the plan. In addition, local or regional lead agencies could then take 
action (if they so choose) to approve reasonably foreseeable physical projects 
proposed to implement the identified rules or strategies. As described in Chapter 4 of 
this Recirculated Draft EA, implementation of the recommended measures in the 2022 
Scoping Plan might through this sequence of events indirectly lead to adverse 
environmental impacts as a result of reasonably foreseeable compliance responses.  


The Recirculated Draft EA provides a good-faith effort to evaluate programmatically the 
potential for significant adverse impacts associated with implementation of the 2022 Scoping 
Plan and the plan alternatives based on what is known at this time. The Recirculated Draft EA 
makes a good faith effort to disclose the potentially adverse environmental impacts of the 
reasonably foreseeable compliance responses under the 2022 Scoping Plan, and the plan 
alternatives, and satisfies CARB’s legal requirements under it certified regulatory program. 
While the comment indicates that dairies may accommodate changes to regulations by 
consolidating, rather than moving out of State, it is not clear why this would be a more likely 
scenario than presented in the Recirculated Draft EA. CEQA Guidelines Section 15151 states 
that “[d]isagreement among experts does not make an EIR inadequate, but the EIR should 
summarize the main point of disagreement among the experts. The courts have looked not 
for perfection but for adequacy, completeness, and a good faith effort at full disclosure.”  


In regards to the discussion of beneficial impacts related to Alternative A, the purpose of the 
alternatives analysis is to determine whether different approaches to or variations of the 
project would reduce or eliminate significant project impacts, within the basic framework of 
the objectives, a principle that is consistent with CARB’s certified regulatory program 
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requirements. An evaluation of potential beneficial impacts is not necessary. No changes to 
the Recirculated Draft EA are required. 


Responses to this comment letterhave been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the Recirculated Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter R35 


10/24/2022 Robert Spiegel, CMTA 


The comments provide suggestions to incentivize SAF production and appropriate targets 
for utilization. The comments address policy aspects of the 2022 Scoping Plan and do not 
raise significant environmental issues related to the analysis in the Recirculated Draft EA, 
therefore they do not require written responses under CARB’s certified regulatory program 
implementing CEQA. The comments are noted and have been provided to the Board 
members for their consideration.  


Comment Letter R36 


10/24/2022 Katelyn Roedner Sutter, Environmental Defense Fund 


The comments express support for the updated analysis presented in the Recirculated Draft 
EA, related to CCS. The comments also provide policy recommendations for the 2022 
Scoping Plan. The comments address policy aspects and opinions related to the plan and do 
not raise significant environmental issues related to the analysis in the Recirculated Draft EA, 
therefore they do not require written responses under CARB’s certified regulatory program 
implementing CEQA. The comments are noted and have been provided to the Board 
members for their consideration. 


Comment Letter R37 


10/24/2022 Kathleen Van Osten, MVM Strategy Group 


The comments provide recommendations related to the use of sustainable aviation fuel. The 
comments address policy aspects related to the plan and do not raise significant 
environmental issues related to the analysis in the Recirculated Draft EA, therefore they do 
not require written responses under CARB’s certified regulatory program implementing 
CEQA. The comments are noted and have been provided to the Board members for their 
consideration. 
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Comment Letter R38 


10/24/2022 Edgar, Evan, Edgar & Associates 


R38-1: The commenter states, “Page 22: Low Carbon Fuel Actions  


ZEV batteries need to be charged and manufactured as other low carbon fuels. ZEV batteries 
need to have their true-life cycle analysis provided in this. As stated on page 24,“To 
conservatively disclose the range of potential environmental impacts, the compliance 
responses below assume all outcomes and potential actions reflected in the Scoping Plan are 
fully realized.” The potential environmental impacts of ZEV battery production needs to be 
included in the Environmental Analysis.” 


Response: Chapter 4 of the Recirculated Draft EA contains an analysis of increase ZEV 
battery production, under the subheading “Expanded Use of Zero-Emission Mobile Source 
Technology Action.” Without specific information related to an environmental impact that 
was not considered in the Recirculated Draft EA, no further response can be provided. 


R38-2: The commenter states, “Page 24: Expanded Use of Zero-Emissions Mobile Source 
Technology Actions  


This narrative below in italics directly from page 24-25 is disingenuous for failing to account 
for ZEV battery mining impacts, as those impacts are happening now and will only be 
exacerbated. AB 32 Climate Change Scoping Plan Statutory Requirements is that CARB 
Should Not Exacerbate Harm Disproportionately to Low Socio-economic Communities 


“Reasonably foreseeable compliance responses associated with the expanded use of zero-
emission mobile source technology could include increased infrastructure for hydrogen 
refueling and electric recharging stations; increased demand for battery manufacturing and 
associated increases in mining and exports; increased recycling or refurbishment of batteries; 
reduced extraction, refinement, and distribution of oil and gas products; increased solid 
waste disposal or recycling from the scrapping of old equipment; the construction and 
operation of new manufacturing facilities to support zero-emission technologies; and the 
construction and operation of new power plants, solar fields, wind turbines, and other 
electricity generation facilities to accommodate increased electrical demand associated with 
the deployment of zero-emission technologies. These compliance responses include the 
potential for increased mining of various metals and other natural resources that are needed 
in zero-emission battery technology. Common metals used in electric vehicle batteries 
include, but are not limited to, lithium, graphite, cobalt, nickel, copper, manganese, 
chromium, zinc, and aluminum. Additionally, the production of hydrogen fuel cells commonly 
requires the use of platinum. CARB does not intend to limit the types of batteries that may 
be used to comply with zero-emission vehicle requirements under the 2022 Scoping Plan and 
recognizes that future zero-emission technologies may be developed that use other minerals, 
metals, or resources.  
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This Recirculated Draft EA does not attempt to capture the potential effects of mining the 
gamut of existing and potential battery materials because it would be speculative to attempt 
to predict the specific methods, locations, and extent of mining conducted to extract these 
minerals, metals, and resources in the future. Adding to the speculative nature of such an 
undertaking, battery technology continues to evolve, and it is not possible to predict new 
technological breakthroughs or the likely uptake for a given technology. Nevertheless, this 
Recirculated Draft EA makes a good-faith effort to disclose potentially adverse environmental 
effects of increased mining activity. Notably, of the aforementioned metals (i.e., lithium, 
graphite, cobalt, nickel, copper, manganese, chromium, zinc, aluminum, and platinum), 
lithium is often mined using brine mining (i.e., pumping and processing of brine water), 
whereas the other metals are harvested using surface open pit or underground extraction of 
ores followed by a variety of processing techniques. Where appropriate, the environmental 
impacts associated with brine, open pit, and underground mining are disclosed, which is 
intended to reasonably 379escryibe the types of impacts associated with the increased 
mining of these metals”. 


CARB and Environmental Justice Advisory Committee has been briefed on this topic at seven 
public meetings backed up with dozens of credible references. The reference documents are 
listed below in the Annotated Bibliography. The current impacts are happening now, and it is 
not speculative to discount human rights and environmental damages. 


Andersen-Rodgers, D., & Crawford, K. F. (2018). Human Security Theory and Action. 
Rowman & Littlefield. 


Congo Leader Wants Rival’s Troops Moved. (2006, Nov 23). New York Times (1923) 
http://proxy.lib.csus.edu/login?url=https://www-proquest-
com.proxy.lib.csus.edu/historical-newspapers/congo-leader-wants-rivals-troops-
moved/docview/93138208/se-2?accountid=10358 


Crossette, B. (2000, Feb 13). Africans Want U.N. to Play A Stronger Role in Congo. 
New York Times (1923-) 
http://proxy.lib.csus.edu/login?url=https://www.proquest.com/historical-
newspapers/africans-want-u-n-play-stronger-role-congo/docview/91516335/se-
2?accountid=10358 


Democratic Republic of the Congo: Opinion: Another cold case in the Democratic 
Republic of Congo? (2021, Feb 26). Asia News Monitor 
http://proxy.lib.csus.edu/login?url=https://www.proquest.com/newspapers/de
mocratic-republic-congo-opinion-another-cold/docview/2492983178/se-
2?accountid=10358 


Deputy High Commissioner for Human Rights to the Human Rights Council: 
Transitional Justice Is Key to Unblocking the Vicious Circle of Violence That 
Persists in the Democratic Republic of the Congo. (2021, Oct 06). Targeted 
News Service 
http://proxy.lib.csus.edu/login?url=https://www.proquest.com/wire-
feeds/deputy-high-commissioner-human-rights-
council/docview/2579391466/se-2?accountid=10358 



http://proxy.lib.csus.edu/login?url=https://www-proquest-com.proxy.lib.csus.edu/historical-newspapers/congo-leader-wants-rivals-troops-moved/docview/93138208/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www-proquest-com.proxy.lib.csus.edu/historical-newspapers/congo-leader-wants-rivals-troops-moved/docview/93138208/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www-proquest-com.proxy.lib.csus.edu/historical-newspapers/congo-leader-wants-rivals-troops-moved/docview/93138208/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www.proquest.com/historical-newspapers/africans-want-u-n-play-stronger-role-congo/docview/91516335/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www.proquest.com/historical-newspapers/africans-want-u-n-play-stronger-role-congo/docview/91516335/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www.proquest.com/historical-newspapers/africans-want-u-n-play-stronger-role-congo/docview/91516335/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www.proquest.com/newspapers/democratic-republic-congo-opinion-another-cold/docview/2492983178/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www.proquest.com/newspapers/democratic-republic-congo-opinion-another-cold/docview/2492983178/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www.proquest.com/newspapers/democratic-republic-congo-opinion-another-cold/docview/2492983178/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www.proquest.com/wire-feeds/deputy-high-commissioner-human-rights-council/docview/2579391466/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www.proquest.com/wire-feeds/deputy-high-commissioner-human-rights-council/docview/2579391466/se-2?accountid=10358

http://proxy.lib.csus.edu/login?url=https://www.proquest.com/wire-feeds/deputy-high-commissioner-human-rights-council/docview/2579391466/se-2?accountid=10358
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Cobalt is being mined by forced child labor in the Democratic Republic of the Congo where 
Amnesty International has documented serious human rights violations linked to the 
extraction of the minerals used in lithium-ion batteries. Think about the environmental 
degradation the ZEV battery imposes on the environment, outside of California on the 
people of Africa, China, South America, and first nations people of Canada. Think about the 
extraordinary volume of water and resources used to mine rare minerals for the ZEV battery.” 


Response: Please refer to response to comment R38-1. See Section 4.B.10.c of the 
Recirculated Draft EA for a discussion related to impacts on water resources associated with 
mining. This comment raises social and economic issues that are not required to be analyzed 
pursuant to CEQA. No changes to the Recirculated Draft EA are required in response to this 
comment. 
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R38-3: The commenter states, “Page 24: Expanded Use of Zero-Emissions Mobile Source 
Technology Actions – Battery Recycling 


Is CARB requiring ZEV battery end-of-life recycling in the Scoping Plan, as on page 24 the 
following is stated:  


“…increased recycling or refurbishment of batteries”  


The Cal-EPA final report dated March 2022 from the Lithium-Ion Car Battery Recycling 
Advisory Group was mandated by AB 2832 (Dahle). This report documents over two years of 
work of 19 experts who volunteered their time to address this important issue supported by 
academic research from University of California, Davis. The Environmental Analysis should 
recognize the policy recommendations and require end-of-life recycling to minimize mining 
impacts. Without any of those end-of-life recycling policies adopted, the Environmental 
Analysis would have to assume virgin mining and the impacts that are happening today. As 
noted bin this EA, the Scoping Plan is a policy document, and the following policies from the 
Cal-EPA Report needs to be added to the policy document.  


“The state of California has long been a leader in policies that support electric vehicle (EV) 
adoption, and their success has made California home to 42% of the nation’s EV fleet (U.S. 
Department of Energy, 2021a). Evs are powered by lithium-ion traction batteries. As Evs 
retire from service, a flow of end-of-life (EOL) lithium-ion batteries (LIBs) will be generated. 
These LIBs can be resold as-is, remanufactured, repurposed, recycled, or discarded in a 
hazardous waste landfill. In 2018, California Assembly Bill 2832 (AB2832) required the 
convening of the Lithium-Ion Battery Recycling Advisory Group whose mandate includes 
submission of policy recommendations to the Legislature to ensure “…that as close to 100% 
as possible of lithium-ion batteries in the state are reused or recycled at end-of-life”(Dahle, 
2018).  


Policy proposals that define EOL management responsibility  


Two policy proposals that define EOL management responsibility rose to the level of majority 
support: core exchange with a vehicle backstop, and producer take-back. These policies 
complement, and do not replace, current warranty regulations and programs that require the 
vehicle manufacturer to properly reuse, repurpose, or recycle a removed EOL battery that is 
still under warranty.  


The core exchange and vehicle backstop policy garnered the most support from the Advisory 
Group at 93% of voting members. It builds on existing industry standards and policies for 
other vehicle components, specifically a core exchange and product take-back. This policy 
defines responsibility for out-of-warranty batteries under three possible circumstances:  


1.  For Evs still in service, if a battery pack, module, or cell is replaced before the 
vehicle reaches EOL, a core exchange program detailed by the EV battery supplier 
shall be used for the replacement battery (or any module or cell). The entity 
removing the battery shall be responsible for ensuring the used battery (or module 
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or cell) is properly reused, repurposed, or recycled. The entity selling an EV battery 
shall use a core exchange program to track that the used battery has been properly 
managed. 


2. For Evs reaching EOL, a dismantler who takes ownership of an EOL vehicle is 
responsible for ensuring the battery is properly reused repurposed, refurbished, or 
recycled. If an EV battery is directly reused in another vehicle with no alterations, 
the process for Evs still in service shall apply. If the battery is refurbished or 
repurposed, the responsibility transfers to the refurbished or repurposer. 


3. For Evs reaching EOL where an EOL EV with an OEM-certified battery is not 
acquired and removed by a licensed dismantler, the vehicle manufacturer shall be 
responsible for ensuring that the vehicle is properly dismantled and the battery is 
properly reused, refurbished, or recycled 


Page 99 – Biological Resources – Low Carbon Fuels  
Page 131- Geology and Soils  
Page 174 – Hydrology and Water Quality  


The land use impacts of mining rare minerals for ZEV batteries as a low carbon fuel needs to 
be assessed using the GTAP model. CARB uses GTAP for other low carbon fuel impacts and 
assess the life cycle impacts such as for the LCFS. There is a land use change (LUC) for mining 
and that needs to be included in this Environmental Assessment for both Biological 
Resources and Geology and Soils. 


Mining can cause a wide range of adverse land use impacts during mining operation and 
after closure, e.g. fragmenting the landscape and polluting soils and water with effects on 
human settlements, agriculture plantations, and natural ecosystems. 


“CARB estimates the indirect land use change effects of biofuel crop production using the 
Global Trade Analysis Project (GTAP) model, which is a computer model developed and 
supported by researchers at Purdue University. Within the GTAP’s scope, there are 111 world 
regions, some of which consist of single countries, others of which are composed of multiple 
neighboring countries. For each region, data tables describe every national economy in that 
region, as well as all substantial intra- and nter-regional trade relationships. The data for this 
model are contributed and maintained by more than 6,000 local experts. GTAP model 
analysis considers life cycle CI impacts related to potential or actual deforestation and 
conversion of other land use types. When a life cycle pathway is developed for a crop-based 
biofuel, a land use change (LUC) value is developed using the GTAP model for land that 
would be converted to agricultural production because of increased demand for that crop. 
The approach accounts for land conversions in all regions of the world based on available 
land and likelihood of land to be converted as demand for land goes up. The methodology 
attributes new land to come from forest lands, pastureland, and cropland. A fuel that is more 
likely to displace sensitive lands, such as forests, would have a higher LUC value, making it 
less attractive for use in complying with the LCFS regulation. However, while the models 
consider effects related to land use changes, they do not explicitly prohibit adverse effects 
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on habitat or biodiversity, and there could still be substantial environmental impacts on 
biological resources.” 


Evidence of the impacts of metal mining and the effectiveness of mining mitigation measures 
on social–ecological systems. A systematic protocol is copied below and need to be included 
in this Environmental Assessment.” 


Response: Increased mining and recycling of batteries are included as reasonably 
foreseeable compliance responses of the 2022 Scoping Plan, and the associated impacts are 
analyzed in the Recirculated Draft EA. The impacts associated with mining are addressed 
throughout Chapter 4 of the Recirculated Draft EA under the short-term impact headings 
and/or long-term operational impacts under Subheading, “Expanded Use of Zero-Emission 
Mobile Source Technology Action,” in the following topic areas: Section 4.B.1, “Aesthetics,” 
4.B.2, “Agriculture and Forest Resource,” 4.B.3, “Air Quality,” 4.B.4, “Biological Resources,” 
4.B.5, “Cultural Resources,” 4.B.6, “Energy,” 4.B.7, “Geology and Soils,” 4.B.8, “Greenhouse 
Gas Emissions,” 4.B.9, “Hazards and Hazardous Materials,” 4.B.10, “Hydrology and Water 
Quality,” 4.B.11, “Land Use,” 4.B.12, “Mineral Resources,” 4.B.13, “Noise and Vibration,” 
4.B.14, “ Population and Housing,” 4.B.15, “Public Services,” 4.B.16, “Recreation,” 4.B.17, 
“Transportation,” 4.B 18, “Tribal Cultural Resources,” 4.B.19, “Utilities and Service Systems,” 
and 4.B.20, “Wildfire." 


R38-4: The commenter states, “Background 


On the impacts of mining 


Mining activities, including prospecting, exploration, construction, operation, maintenance, 
expansion, abandonment, decommissioning and repurposing of a mine can impact social and 
environmental systems in a range of positive and negative, and direct and indirect ways. 
Mine exploration, construction, operation, and maintenance may result in land-use change, 
and may have associated negative impacts on environments, including deforestation, 
erosion, contamination and alteration of soil profiles, contamination of local streams and 
wetlands, and an increase in noise level, dust and emissions (e.g. [1,2,3,4,5]). Mine 
abandonment, decommissioning and repurposing may also result in similar significant 
environmental impacts, such as soil and water contamination [6,7,8]. Beyond the mines 
themselves, infrastructure built to support mining activities, such as roads, ports, railway 
tracks, and power lines, can affect migratory routes of animals and increase habitat 
fragmentation [9, 10]. 


Mining can also have positive and negative impacts on humans and societies. Negative 
impacts include those on human health (e.g. [11]) and living standards [12], for example. 
Mining is also known to affect traditional practices of Indigenous peoples living in nearby 
communities [13], and conflicts in land use are also often present, as are other social impacts 
including those related to public health and human wellbeing (e.g. [14,15,16,17]. In terms of 
positive impacts, mining is often a source of local employment and may contribute to local 
and regional economies [18, 19]. Remediation of the potential environmental impacts, for 
example through water treatment and ecological restoration, can have positive net effects on 
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environmental systems [20]. Mine abandonment, decommissioning and repurposing can also 
have both positive and negative social impacts. Examples of negative impacts include loss of 
jobs and local identities [21], while positive impact can include opportunities for new 
economic activities [22], e.g. in the repurposing of mines to become tourist attractions. 


Mitigation measures 


‘Mitigation measures’ (as described in the impact assessment literature) are implemented to 
avoid, eliminate, reduce, control or compensate for negative impacts and ameliorate 
impacted systems [23]. Such measures must be considered and outlined in environmental 
and social impact assessments (EIAs and SIAs) that are conducted prior to major activities 
such as resource extraction [24, 25]. Mitigation of negative environmental impacts in one 
system (e.g. water or soil) can influence other systems such as wellbeing of local communities 
and biodiversity in a positive or negative manner [23]. A wide range of technological 
engineering solutions have been implemented to treat contaminated waters (e.g. 
constructed wetlands [26], reactive barriers treating groundwater [27], conventional 
wastewater treatment plants). Phytoremediation of contaminated land is also an area of 
active research [28]. 


Mitigation measures designed to alleviate the negative impacts of mining on social and 
environmental systems may not always be effective, particularly in the long-term and across 
systems, e.g. a mitigation designed to affect an environmental change may have knock on 
changes in a social system. Indeed, the measures may have unintentional adverse impacts on 
environments and societies. To date, little research appears to have been conducted into 
mitigation measure effectiveness, and we were unable to find any synthesis or overview of 
the systems-level effectiveness of metal mining mitigation measures.”” 


Response: The Recirculated Draft EA addresses: deforestation from mining in Section 4.B.2, 
“Agriculture and Forest Resource,” erosion from mining in Section 4.B.7, “Geology and 
Soils,” contamination of soils and waterways from mining in Section 4.B.9, “Hazards and 
Hazardous Materials,” and 4.B.4, “Biological Resources,” noise impacts from mining in 
Section 4.B.13, “Noise and Vibration,” and air quality emissions from mining in Section 4.B.3, 
“Air Quality.” 


The comment notes that mining could adversely affect migratory routes and habitat 
fragmentation, however no substantial evidence is provided to address these types of 
impacts. The second paragraph on page 97 of the Recirculated Draft EA states that, 
“increased mining activity could directly alter the character of a sensitive habitat that may 
support special-status species or serve as a wildlife corridor. Impacts could include reduction 
in habitat, loss of special-status species, increased water consumption, water contamination, 
and conflict with a habitat conservation plan or natural community conservation plan.” No 
changes to the Recirculated Draft EA are necessary in response to this comment. 
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R38-5: The commenter states, “Page 101 – Biological Resources – Expanded Use of ZEVs 


Mining can cause a wide range of adverse land use impacts during mining operation and 
after closure, e.g. fragmenting the landscape and polluting soils and water with effects on 
human settlements, agriculture plantations, and natural ecosystems. This Environmental 
Analysis needs to include those for mining the world to produce ZEV batteries. 


From the EA: 
- Expanded Use of Zero-Emission Mobile Source Technology Actions 


o  “Anticipated operation-related impacts on biological resources from the 
reasonably foreseeable compliance responses listed above would likely occur 
primarily from operation of new facilities and increased mining activity associated 
with increased demand for lithium-ion and nickel-metal hydride (NiMH) batteries. 
Long-term operation of manufacturing facilities, production facilities, recycling 
facilities, emission testing facilities, power plants, solar fields, wind turbines, and 
other electricity generation facilities would often include the presence of workers; 
movement of automobiles, trucks, and heavy-duty equipment; and operation of 
stationary equipment.” 


o  P. 102 Also says that “operation of a new facility could drive wildlife from the 
surrounding habitat or could impede wildlife movement through the area”… 


o  Does not talk about the biological impacts to the disadvantaged communities in 
the surrounding communities or the people who would be doing the increased 
mining” 


Response: Comments related to biological impacts are address in Section 4.B.4, “Biological 
Resources,” in the Recirculated Draft EA. Pursuant to CEQA Guidelines Section 15131, 
economic or social effects shall not be treated as significant effects on the environment 
unless they result in a physical change that may affect the environment. Please also refer to 
response to comments R36-4 for a discussion of impacts cause by land use changes due to 
mining. No changes to the Recirculated Draft EA are necessary in response to this comment. 


R38-6: The commenter states, “Page 149 – Hazards and Hazardous Materials – Expanded 
Use of ZEVs 


- Comment about how lithium metal batteries contain potentially toxic metals… does not 
mention the impacts to the disadvantaged communities in South America.” 


Response: Comments related to hazardous materials associated with lithium metal batteries 
are discussed in Section 4.B.9, “Hazards and Hazardous Materials,” in the Recirculated Draft 
EA. Pursuant to CEQA Guidelines Section 15131, economic or social effects shall not be 
treated as significant effects on the environment unless they result in a physical change that 
may affect the environment. No changes to the Recirculated Draft EA are necessary in 
response to this comment. 


R38-7: The commenter states, “Page 174 – Hydrology and Water Quality 
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-  “increased infrastructure for hydrogen refueling and electric recharging stations; 
increased demand for battery manufacturing and associated increases in mining and 
exports; increased recycling or refurbishment of batteries; reduced extraction, 
refinement, and distribution of oil and gas products; increased solid waste disposal or 
recycling from the scrapping of old equipment; the construction and operation of new 
manufacturing facilities to support zero-emission technologies; and the construction and 
operation of new power plants, solar fields, wind turbines, and other electricity 
generation facilities to accommodate increased electrical demand associated with the 
deployment of zero-emission technologies.”  


- 
o  P. 174 says the production of mining for ZEV batteries could result in over drafting of 


groundwater, as well as contamination from metals and has domestic mitigation to 
comply with the Clean Water Act. Where is the mitigation for the massive mining 
operations overseas in disadvantaged communities.” 


Response: The comment notes that overdraft of groundwater aquifers is identified as a 
potentially significant impact related to mining. As shown in Table 4-15 of the Recirculated 
Draft EA, impacts related to expanded use of zero-emission mobile source technology 
actions on hydrology and water quality could be reduced through Mitigation Measure 10.b.1. 
Pursuant to CEQA Guidelines Section 15131, economic or social effects shall not be treated 
as significant effects on the environment unless they result in a physical change that may 
affect the environment. Without recommendations for how to change the mitigation 
measures presented in the Recirculated Draft EA, no further response can be provided.  


R38-8: The commenter states, “Page 197 to 223 – Mineral Resources 


AB 32 Climate Change Scoping Plan Statutory Requirements is to Minimize Leakage 


AB 32 Climate Change Scoping Plan Statutory Requirements is that CARB Should Not 
Exacerbate Harm Disproportionately to Low Socio-economic Communities 


This Environmental Assessment does not assess the impacts of mining lithium, graphite, 
cobalt, nickel, copper, plantimum and palladium overseas where the GHG emissions are 
leaked upon the manufacturing and mining counties, and where harm is exacerbated on 
disadvantaged communities. From page 197 below: 


“Implementation of the 2022 Scoping Plan could have an effect on the availability of known 
materials because it would involve mining lithium. Owing to continued exploration, identified 
lithium resources have increased substantially worldwide and total about 86 million tons. In 
2021, the total amount of lithium ore available in the United States was 7.9 million tons in the 
form of continental brines, geothermal brines, hectorite, oilfield brines, and pegmatites. 
Lithium consumption for batteries has increased substantially in recent years because of 
increased demand for rechargeable lithium-ion batteries, which use approximately 71 
percent of the world’s lithium resources. As of January 2022, a domestic lithium mine is in 
operation in Nevada, and the developer, Controlled Thermal Resources, has begun 
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extracting lithium in the Salton Sea. Two companies produced a large array of downstream 
lithium compounds in the United States from domestic or South American lithium carbonate, 
lithium chloride, and lithium hydroxide. From 2016 through 2019, the United States imported 
lithium from Argentina (55 percent), Chile (36 percent), China (5 percent), Russia (2 percent), 
and others (2 percent) (Jaskula 2022). However, there are current initiatives at the State and 
federal level that are likely to influence lithium mining domestically, which include efforts in 
California. Table 4-17 details lithium mine production and reserves by country.” 


There should be mitigation measures for biological, soils and geology, and hydrology and 
water resources for mineral resources, and there are not. 


Global warming is dangerously close to spiraling out of control with extreme weather and 
forest fires. The United Nations’ Intergovernmental Panel on Climate Change warned that 
the world is already certain to face further climate disruptions for decades to come and that 
humans are “unequivocally” to blame. Rapid action to cut greenhouse gas emissions could 
limit some impacts, where the focus should be on reducing short-lived climate pollutants, 
such as methane and black carbon. In order to bend the climate curve to delay further 
catastrophic events, methane needs to be reduced over the next 8 years. If not, deadly heat 
waves, gargantuan hurricanes and huge floods, which are already happening, will only 
become more severe. 


With the stakes so high, why is the California Air Resources Board (CARB) still promoting 
heavy-duty zero emission vehicles (ZEV) without conditions of sourcing, lifecycle analysis, and 
end-of-life recycling.? Kicking the can to 2045 for a carbon neutral future is not the answer, 
which may not exist the way we may hope. Digging up rare earth minerals to manufacture 
ZEV batteries assumes we can mine our way out of this to combat climate change. As Disco 
Inferno states, we will ‘burn, baby, burn’; we have already ‘drilled, baby, drilled’, and now we 
plan to ‘mine, baby, mine’ with child slave labor? Instead, the urban, forest, and agricultural 
biomass should be used to produce biofuels to transport the world into a greener future. 


The Governor is budgeting $15 billion in climate resiliency with some valid programs. The 
Cap-and-Trade program is generating over $1 billion per quarter with carbon pricing 
increasing for $12/ton to $30/ton. Cap-and- Trade has funded 28 compost and anaerobic 
digestion facilities investing $54 million at a cost of just $53/ton for each ton of GHG 
reduced, since these projects avoid methane generation at landfills and build upon existing 
programs and truly implement an organic circular economy. Another $70 million is on the 
way this year at such a critical time. The Healthy Soils Program with compost and biochar use 
have 466 projects investing $33.6 million at a cost of $177/ton with another $75 million 
budgeted this year. Expanding these value programs provides ‘bang for the buck’ on 
mitigating methane and sequestrating carbon into our working lands. Meanwhile, ZEV 
deployment is costing $778 to $3,000 per ton to displace diesel, and if true lifecycle carbon 
accounting was performed, there would be minimal GHG reduced since ZEV charging and 
battery manufacturing is comparable to CNG vehicles in their GHG emissions. 


CARB will be adopting the Advanced Clean Fleet Rule this month to accelerate heavy-duty 
ZEV deployment much sooner than technically or economically feasible with overarching 
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issues such as grid reliability, duty cycle, and charging infrastructure not being addressed. 
CARB is promoting a linear global economy that will mine disadvantaged communities in the 
Congo, South America, and Canada, and disrupt the carbon-negative circular economy that 
is bio-based with local resources not needing to import raw materials or export waste. CARB 
is rolling the dice on ZEVs, where the trucks will not PASS GO when the grid is down and will 
have no place to electrify until billions more fund the charging infrastructure. CARB is 
promoting a ZEV strategy without conditions and will be on the wrong side of history as this 
Environmental Assessment is lacking on allowing GHG leakage and exacerbating harm on 
global disadvantaged communities.” 


Response: Mitigation measures applicable to impacts of the 2022 Scoping Plan are provided 
in each resource section in Chapter 4 of the Recirculated Draft EA. For impacts and 
mitigation measures related to biological resources, soils and geology, and hydrology and 
water resources please see 4.B.4, “Biological Resources,” 4.B.7, “Geology and Soils,” 4.B.10, 
“Hydrology and Water Quality.” No significant impacts to mineral resources were identified 
in the Recirculated Draft EA, thus no mitigation measures are required. Furthermore, The 
comment does not indicate any adverse impacts to mineral resources beyond those already 
analyzed. Pursuant to CEQA Guidelines Section 15131, economic or social effects shall not 
be treated as significant effects on the environment unless they result in a physical change 
that may affect the environment. 


Regarding the comment concerning life-cycle emissions from electric vehicles, refer to 
response to comment 356-2. 


The comment suggests that goals of the 2022 Scoping Plan could be met through the use of 
urban, forest, and agricultural biomass to produce biofuels. However, it is not clear how this 
would reduce the significant environmental effects of the proposed 2022 Scoping Plan while 
still meeting most of the project objectives.  


Please refer to response to comment 574-1 for issues of grid reliability. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the Recirculated Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter R39 
10/24/2022 Ellie Choen, The Climate Center 


The comments address concern related to the 2022 Scoping Plan. The comments address 
opinions and recommendations related to the plan and do not raise significant environmental 
issues related to the analysis in the Recirculated Draft EA, therefore they do not require 
written responses under CARB’s certified regulatory program implementing CEQA. The 
comments are noted and have been provided to the Board members for their consideration. 
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Comment Letter R40 
10/24/2022 Leadership Counsel for Justice and Accountability 


The comments address concern related to the 2022 Scoping Plan. The comments address 
opinions and recommendations related to the plan and do not raise significant environmental 
issues related to the analysis in the Recirculated Draft EA, therefore they do not require a 
written response under CARB’s certified regulatory program implementing CEQA. The 
comments are noted and have been provided to the Board members for their consideration. 


Comment Letter R41 
10/24/2022 Marc Hardy, Tejon Ranch 


R41-1: The commenter states, “1. Natural and Working Lands. CARB proposes to rule out 
development on 90 percent of California's land by labelling it as "natural and working lands." 
The Plan seeks to avoid conversion of all existing forests, shrublands and grasslands, as well 
as a 50 percent reduction from current development conversion levels in "deserts and 
sparsely vegetated landscapes." Such a sweeping designation as natural and working lands 
suggests a dismissal of local jurisdictions' land use authority, imposed at a time when local 
jurisdictions should be exercising their approval powers more urgently to address the 
housing shortage and home affordability crisis experienced by all Californians. CARB's CEQA 
proposals strongly disfavor all but relatively high-density (e.g., at least 20 units/acre), central 
urban, mass transit-oriented development and re-development. The effect is to disfavor, 
prejudice, and overly burden all other types of development (lower density communities and 
redevelopment projects, suburban development and hinders the development of sustainable 
master planned communities designed to help meet the rising housing production needs, 
including affordable housing, of Californians. Candidly, CARB's promotion of infill-only is 
misguided, unpractical and non-workable.” 


Response: Please refer to response to comment H122-1. 


Responses to this comment letter have been prepared consistent with the requirements set 
forth under CARB’s certified regulatory program. No other comments provided in this letter 
identify significant environmental issues related to the analysis in the Recirculated Draft EA; 
therefore, no additional responses to this letter are required. The comments are noted and 
have been provided to the Board members for their consideration. 


Comment Letter R42 
10/24/2022 Olson, Katrina 


The comments express concerns related to Alternative 3 of the 2022 Scoping Plan. The 
comments address opinions related to the plan and do not raise significant environmental 
issues related to the analysis in the Recirculated Draft EA, therefore they do not require 
written responses under CARB’s certified regulatory program implementing CEQA. The 
comments are noted and have been provided to the Board members for their consideration. 
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