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Executive Summary

In this rulemaking, the California Air Resources Board (CARB or Board) staff is
proposing amendments to the Small Off-Road Engine (SORE) Exhaust and Evaporative
Emission Regulations and Test Procedures (collectively, Proposed Amendments).

The Proposed Amendments would accelerate the transition of SORE equipment to
zero-emission equipment (ZEE). SORE equipment and ZEE are collectively referred to
as small off-road equipment. Deployment of ZEE is key to meeting the expected
emission reductions in the Revised Proposed 2016 State Strategy for the State
Implementation Plan (2016 State SIP Strategy) and the goals of Governor Newsom'’s
Executive Order (EO) N-79-20, issued September 23, 2020. The Proposed
Amendments would update emission standards for new SORE (engines or equipment
produced for sale or lease for use or operation in California) and would not affect
equipment already in use.

This Executive Summary and the Staff Report comprise the Initial Statement of
Reasons (ISOR) for this proposed rulemaking, required by the California Administrative
Procedure Act. Appendices A-G contain the Proposed Amendments:

e Appendix A: Proposed Amendments to the Small Off-Road Engine Exhaust
Emission Regulations, California Code of Regulations, Title 13, Division 3,
Chapter 9. Off-Road Vehicles and Engines Pollution Control Devices, Article 1.
Small Off-Road Engines

e Appendix B: Proposed Amendments to the Small Off-Road Engine Evaporative
Emission Regulations, California Code of Regulations, Title 13, Division 3,
Chapter 15. Additional Off-Road Vehicles and Engines Pollution Control
Requirements, Article 1. Evaporative Emission Requirements for Off-Road
Equipment

e Appendix C: Proposed Amendments to Small Off -Road Engine Evaporative
Emissions Test Procedure, TP-901, Test Procedure for Determining Permeation
Emissions from Small Off-Road Engine Fuel Tanks

e Appendix D: Proposed Amendments to Small Off-Road Engine Evaporative
Emissions Test Procedure, TP-902, Test Procedure for Determining Evaporative
Emissions from Small Off-Road Engines

e Appendix E: Proposed Amendments to Small Off-Road Engine Evaporative

Emission Control System Certification Procedure, CP-202, Certification
Procedure for Evaporative Emission Control Systems on Small Off-Road Engines

ES-1



e Appendix F: Proposed Amendments to the California Exhaust Emission
Standards and Test Procedures for New 2013 and Later Small Off-Road
Engines; Engine-Testing Procedures (Part 1054)

e Appendix G: Proposed Amendments to the California Exhaust Emission
Standards and Test Procedures for New 2013 and Later Small Off-Road
Engines; Engine-Testing Procedures (Part 1065)

The proposed changes in Appendices A-G are shown in underline to indicate
additions and strikeeut to indicate deletions from the existing regulatory text.

A. Authority to Regulate SORE

Section 209(e) of the federal Clean Air Act uniquely grants the State of California the
authority to adopt and enforce emission standards and other requirements relating to
the control of emissions from new nonroad engines or vehicles within the state, which
includes SORE. California is, effectively, allowed an exemption from federal Clean Air
Act provisions that otherwise prevent states from setting their own emission standards
for these nonroad mobile sources. The exemption recognizes California’s long
standing air pollution challenges and pioneering work to reduce mobile source
emissions. Under section 209, subsection (e)(1) of the federal Clean Air Act, “New
engines which are used in construction equipment or vehicles or used in farm
equipment or vehicles and which are smaller than 175 horsepower” are preempt from
CARB's emission standards and only subject to emission standards from the

U.S. Environmental Protection Agency (U.S. EPA).

B. Purpose of Proposed Amendments

Statewide, more than 28 million Californians live in areas that exceed the national
ambient air quality standards (NAAQS) for ozone and PM; s (particulate matter with
diameter of 2.5 micrometers or smaller) (CARB, 2021a2). Mobile sources powered by
fossil fuels are the largest sources of emissions that contribute to formation of these
pollutants. Under California Health and Safety Code (HSC) section 43013, CARB must
adopt emission standards for off-road engines “for the control of air contaminants and
sources of air pollution which [CARB] has found to be necessary, cost effective, and
technologically feasible, to carry out the purposes of [its statutory authority under the
HSC] ...." The Proposed Amendments are necessary to meet CARB’s obligation under
HSC section 43018 to “endeavor to achieve the maximum degree of emission
reduction possible from vehicular and other mobile sources in order to accomplish the
attainment of the state standards at the earliest practicable date.” Replacing sales of
internal combustion engines in both on-road and off-road applications with zero-
emission technology is necessary to attain ambient air quality standards and protect
the health and welfare of all California residents.

SORE are spark-ignition engines rated at or below 19 kilowatts (25.5 horsepower).
These engines are used in a variety of small off-road equipment types, including, but
not limited to, lawn mowers, leaf blowers, chainsaws, pressure washers, air
compressors, and portable generators. Equipment powered by SORE are referred to
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as SORE equipment. SORE equipment emit both oxides of nitrogen (NO and NO,
denoted NO,) and reactive organic gases (ROG), which contribute to particulate
matter (PM) and ozone formation. In California, SORE emit more NO, and ROG than
light-duty passenger cars, both in summer and annually. As shown in Figure ES-1,
without further action, SORE will emit 1.8 times the amount of summertime NO, and
ROG that California light-duty passenger cars emit in 2031 (CARB, 2020).

Figure ES-1. Summer average NO, + ROG emissions from small off-road engines
and light-duty passenger cars in California without further regulation.
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The 2016 State SIP Strategy includes a measure estimated to reduce statewide NOx
and ROG emissions from SORE by 4 and 36 tons per day (tpd), respectively, in 2031.
The Proposed Amendments would exceed these expected emission reductions to
help California attain PM.sand ozone NAAQS. The Proposed Amendments are also
part of a portfolio of “Strategies, in coordination with other State agencies,

U.S. Environmental Protection Agency and local air districts, to achieve 100 percent
zero-emission from off-road vehicles and equipment operations in the State by 2035,”
as directed in EO N-79-20, issued September 23, 2020.

C. Summary of Proposed Amendments

The Proposed Amendments would set SORE emission standards to zero in two
phases. First, for model year (MY) 2024 and all subsequent model years, exhaust
emission standards would be set to zero (0.00 grams per kilowatt-hour or g-kWh-),
except for carbon monoxide (CO). Evaporative emission standards would also be set
to zero (0.00 grams per test or g-test”). The evaporative emission standards would
include “hot soak” emissions (representing emissions that occur when placing a hot
engine in storage after use on a hot summer day) to better evaluate emissions from
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real-world use of SORE equipment. These emission standards of zero would apply for
engines used in all equipment types produced for sale or lease for operation in
California, except generators. Generator emission standards would be more stringent
than the existing emission standards starting in MY 2024, but would not be zero. The
second phase would be implemented starting in MY 2028, when the emission
standards for generators would be zero.

The Proposed Amendments would also amend existing emission reduction credit
programs to improve consistency and add flexibility for manufacturers. The exhaust
emission regulations include an emission reduction credit averaging, banking, and
trading (ABT) program, where manufacturers can generate credits with engines that
emit below the emission standards and use them to produce engines that emit above
the emission standards. This averaging of emissions gives manufacturers the flexibility
to certify those higher-emitting engines. Exhaust emission reduction credits may be
banked for up to five years, to be used later, or may be traded with other
manufacturers. The existing evaporative emission reduction credit program only
includes averaging and banking. In the Proposed Amendments, trading would be
added to the evaporative credit program. New zero-emission generator credit
programs would be added to the ABT programs, which would allow manufacturers to
earn emission reduction credits for zero-emission generators.

Other Proposed Amendments to the regulations include sunsetting the voluntary
“Blue Sky Series” engine requirements and repealing the variance provisions in the
evaporative emission regulations. The Blue Sky Standards were developed to allow
manufacturers to receive recognition for certifying to lower emission standards, but
CARB has no record of any manufacturer taking advantage of the program for
engines. Additionally, the Proposed Amendments to the evaporative emission test
procedures would add further instructions for a fuel tank pressure test, a new fuel cap
and tether test, a tilt test to check for fuel leaks, and instructions for accelerated
preconditioning of engines. The Proposed Amendments to TP-901 would ensure fuel
tank testing configurations were closer to those of production fuel tanks by requiring
the hole for a fuel line and grommet system to be present in the fuel tanks and
requiring fuel tanks to be tested with the same production fuel cap throughout
testing. Evaporative emission control system certification procedure CP-902 would be
used for all engines, including those with displacement less than 80 cc, which currently
use a different certification procedure.

Most of the Proposed Amendments to the exhaust emission test procedures are
intended to align them with updates to the federal test procedures that have been
adopted since CARB adopted its test procedures. The Proposed Amendments also
include California-specific changes necessary to maintain the stringency of California
emission standards, provide consistency with other California SORE regulations,
prevent redundant effort and confusion for testers, or provide additional flexibility. For
example, the requirements for exhaust emission compliance testing would be changed
from testing “a reasonable number of engines” to “one or more engines.” Procedure
text that provides examples based on equipment or fuel types that are not relevant to
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SORE, such as locomotives and compression-ignition engines, would be removed to
prevent confusion. References to National Institute of Standards and Technology
(NIST)-traceable standards would be changed to Systéme International d'Unités (Sl)-
traceable standards to allow flexibility for manufacturers around the world to use other
recognized international standards while still maintaining the consistency necessary to
ensure test data accuracy, precision, and comparability to the emission standards.

D. Air Quality and Public Health Benefits

CARB'’s 2020 Mobile Source Strategy states that “As research continues to show
harmful effects from air pollution at increasingly lower levels, achieving the State’s
complementary goals, targets and standards will provide much-needed public health
protection for the millions of Californians that still breathe unhealthy air and will
reduce exposure in the State’s most highly-impacted and disadvantaged
communities.” An important strategy to reduce emissions and provide much-needed
public health protection for Californians is electrification of SORE. The small off-road
equipment market is well prepared for electrification. The Proposed Amendments
would support the goals of the 2016 State SIP Strategy and would reduce emissions of
pollutants with multiple known adverse health effects and which are associated with
existing California ambient air quality standards. These pollutants include NO;, which
contributes to formation of tropospheric ozone, and PM.s, which may deposit deep
inside the lungs. Long-term exposure to PM:s has been causally linked to premature
death, particularly in people who have chronic heart or lung diseases, and reduced
lung function in children. The Proposed Amendments would also reduce greenhouse
gas (GHG) emissions and petroleum use.

Under the Proposed Amendments, significant reductions in both NO, and ROG
emissions would begin in calendar year 2025, years before emission standards of zero
would be implemented for generators. In 2031, the expected summer average
emission reductions would be 7.9 tpd of NO, and 64.5 tpd of ROG (Figure ES-2).
These represent 43 percent and 51 percent reductions of NO, and ROG, respectively,
compared to the emissions under the Baseline Scenario. For the purposes of this
rulemaking, the Baseline Scenario is defined as the scenario where existing regulations
continue and where no further regulatory action is taken on SORE in the future. The
Proposed Amendments would result in total emission reductions of approximately
59,307 tons of NOy and 423,240 tons of ROG, averaged across the year from 2023
through 2043, compared to the Baseline Scenario. Such emission reductions would
decrease the amount of adverse health impacts in California. Through 2043,
premature deaths due to cardiopulmonary causes would be expected to decrease by
892; emergency room (ER) visits for asthma would be expected to decrease by 438;
and acute respiratory and cardiovascular hospitalizations would be expected to
decrease by 169 and 142, respectively.
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Figure ES-2. Summer average NO, + ROG emissions under the Baseline Scenario
and the Proposed Amendments.
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The Proposed Amendments would decrease the use of fossil fuels in California, which
would decrease carbon dioxide and other GHG emissions. The benefit of the GHG
emission reductions can be estimated using the Social Cost of Carbon, which
calculates benefits between $339 million and $1.43 billion through 2043, depending
on the discount rate.

E. Economic Impacts

Staff conducted economic analyses, including a Standardized Regulatory Impact
Analysis, for the Proposed Amendments. This included the determination of costs to
users of small off-road equipment from initial purchase through the useful lifetime of
the equipment. Upfront purchase costs could be higher or lower for ZEE than for
equivalent SORE equipment, depending on the equipment type. In contrast,
operating costs for ZEE are typically lower than for SORE equipment, due to savings
on gasoline purchases and reduced maintenance costs.

Overall, the Proposed Amendments would have a net direct cost of $4.08 billion
accrued over the modeled regulatory horizon of 2023 through 2043. Residential users
are expected to experience a net direct cost accrued through 2043 of $2.79 billion,
while professional users (nonlandscaping businesses, landscapers and government
entities) are expected to experience an accrued net direct cost of $1.29 billion. When
health benefits are considered, the Proposed Amendments are estimated to have a
net benefit of $4.27 billion accrued through 2043. Overall, the Proposed Amendments
would have a benefit-cost ratio of 1.30, meaning the monetized benefits are greater
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than the costs. Table ES-1 summarizes the results of the economic analyses for the
Proposed Amendments.

Table ES-1. Results of the economic analyses for the Proposed Amendments over
the regulatory horizon of 2023 through 2043 (billions 2019$).

Total Health Cost-savings | Tax & fee | Total Net Benefit-
costs benefits | (benefit) revenue | benefit benefit cost ratio
$14.41 $8.82 $10.33 -$0.47 $18.68 $4.27 1.30

F. Technological Feasibility

ZEE are primarily electric, either battery-powered or corded. ZEE are available for
most small off-road equipment categories, including lawn and garden equipment and
utility equipment, for both residential and professional use. The level of performance,
number of brands, and number of equipment options have increased greatly and
continue to do so today. Today, there are at least 35 brands of zero-emission lawn
mowers available (CARB, 2021d and 2021e), with several brands directed at
professional users. Battery and electric motor technology has advanced rapidly in
recent years, while costs have declined. It is projected that from 2010 to 2030, the
price of a battery holding a kilowatt-hour of energy will decrease by over 90 percent
(Martin, 2019). New technologies, such as brushless electric motors, have led to a
significant increase in the efficiency of equipment.

ZEE available today have many of the same characteristics as their SORE equipment
counterparts. Self-propelled lawn mowers with the same cutting width and adjustable
deck heights as many SORE lawn mowers are available as ZEE. Riding mowers with the
same cutting width and speed range as many SORE riding mowers are also available
as ZEE. The wide availability of ZEE equivalents for SORE equipment suggests that
replacing SORE equipment with ZEE is feasible.

Approximately 52 percent of small off-road equipment in use in California are currently
ZEE. However, among the current population of small off-road equipment, the fraction
that is ZEE varies substantially by equipment type. Approximately 99 percent of
pumps are ZEE, and 5 percent of riding mowers are ZEE. The fraction of small off-road
equipment that is ZEE also varies by user type, from 55 percent for residential users to
6 percent for professional landscapers (North American Industry Code System 541320
and 561730) (CSUF SSRC, 2019).

While adoption rates for ZEE among professional landscapers are lower than for
residential users, there is substantial evidence that all new small off-road equipment
can be zero-emission. Using ZEE is technologically feasible and can offer significant
cost-savings to professional users. There are at least 12 brands of zero-emission lawn
and garden equipment designed for professional users available for sale.

The Proposed Amendments would allow more time for generators to meet emission
standards of zero. While zero-emission generators are available to meet users’
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demand, there is still a need to allow manufacturers adequate time to continue to
innovate and grow to meet the future demands of the zero-emission generator
market. As a result, the Proposed Amendments include exhaust and evaporative
emission standards for generators for MYs 2024 through 2027 that are more stringent
and comprehensive than the current emission standards, but are not zero. These
proposed emission standards would enable emission reductions to be achieved while
allowing more time for manufacturers to develop additional options for zero-emission
generators. The proposed MY 2024-2027 emission standards are approximately 40 to
90 percent lower than current emission standards for generators. Engines currently
certified for sale or lease for use or operation in California exhibit emissions below the
proposed MY 2024-2027 emission standards. These engines demonstrate the
feasibility of the proposed emission standards.

The occurrence of public safety power shutoffs in recent years has increased the
dependence on generators for power backup. It is important to note that the SORE
regulations do not apply to stationary generators, which are not moved for equipment
operation or storage. These stationary generators are frequently powered by natural
gas or propane and usually installed on a concrete pad. To the extent that Californians
rely on generators subject to CARB’s SORE regulations, the time between the Board
adoption of the Proposed Amendments and the effective date of the emission
standards of zero for generators will provide adequate time for manufacturers to
assess power outages in California, better understand consumer needs during those
outages, and develop zero-emission generators to better meet those needs by 2028.

G. Environmental Analysis

The Proposed Amendments are substantively similar to a regulatory concept measure
previously included within CARB’s 2016 State SIP Strategy. In its approval of the 2016
State SIP Strategy, CARB certified an environmental analysis (EA), entitled Final
Environmental Analysis for the Revised Proposed 2016 State Strategy for the State
Implementation Plan (Final EA), that evaluated the impacts associated with the 2016
State SIP Strategy’s SORE regulatory measures. CARB identified mitigation for those
impacts, evaluated overarching alternatives to the 2016 State SIP Strategy and
adopted a statement of overriding circumstances for impacts deemed significant and
unavoidable. While the Proposed Amendments fill in more detail with respect to
specifying the more stringent emission standards and eventual emission standards of
zero, the additional detail does not change the potential compliance responses
identified in the Final EA and associated impacts and mitigation measures from
potential compliance-response development projects. Rather, the only change
triggered by the Proposed Amendments that warrants an addendum to the Final EA is
the need to add the Proposed Amendments’ detail to the project description of the
2016 State SIP Strategy’s SORE measures. Therefore, since the Final EA adequately
evaluated impacts, mitigation and alternatives associated with the 2016 State SIP
Strategy SORE measures and the Proposed Amendments are substantively similar to
the 2016 State SIP Strategy SORE measures, the Proposed Amendments do not
trigger the need to prepare a subsequent environmental analysis.
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H. Environmental Justice

The Proposed Amendments would reduce statewide emissions of NO, and ROG from
SORE by about half in 2031, compared to the Baseline Scenario. Reducing NO, and
ROG emissions is an integral part of California reaching its goal of attaining and
maintaining national and California ambient air quality standards for ozone, which are
protective of the health and welfare of all California residents. Consequently, all
communities, including disadvantaged low-income communities and communities of
color, would benefit from the Proposed Amendments. Enhanced emission benefits in
underserved communities are not expected. However, the Proposed Amendments
would help improve the overall health of these communities through fewer instances
of premature mortality, fewer hospital and ER visits, and fewer lost days of work.
These health benefits would result from reduced tropospheric ozone and PM
production as NO, and ROG emissions decrease.

Users of SORE equipment are exposed to CO, PM.s, and toxic air contaminants
(TACs) when operating equipment. Replacing these equipment with ZEE would result
in decreased exposure to these air contaminants for equipment users. The Proposed
Amendments are consistent with CARB’s environmental justice policy of reducing
exposure to air pollutants and reducing adverse health impacts from TACs in all
California communities.

Sole-proprietorships and other small business landscapers may be significantly
affected by the direct economic impacts of the Proposed Amendments. Small business
landscapers make up more than 99 percent of landscaping businesses in California.
The higher upfront costs of ZEE and the batteries needed to power ZEE for a full work
day may be a significant expense for many landscaping businesses. Purchasing all new
ZEE in addition to the batteries may be burdensome. However, landscapers using ZEE
may realize net cost-savings within the first few years of purchase due to decreased
fuel and maintenance costs, despite larger upfront costs. Furthermore, over time,
additional savings are expected from decreased maintenance and repair costs
because the businesses would no longer have the costs of routine engine maintenance
and repairs. Staff expects that a landscaping business would not need to purchase a
full suite of ZEE at once, thereby avoiding a significant one-time cost to transition to
ZEE. Rather, landscaping businesses would gradually purchase ZEE to replace SORE
equipment as it breaks or for other business reasons, such as upgrading equipment.

I. Regulatory Alternatives Evaluated

In addition to the Proposed Amendments, which is the preferred alternative, CARB
staff evaluated several regulatory alternatives. First, staff evaluated an alternative that
would set emission standards for all SORE to zero for MY 2024. This alternative would
have a $2.49 billion direct cost and a marginal increase in emission reductions for NOx
and ROG compared to the Proposed Amendments. Staff rejected this alternative on
technological feasibility grounds due to the market for zero-emission generators not
being ready to fully meet potential demand.
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Second, staff evaluated an alternative that would set more stringent emission
standards for all SORE for MYs 2024 through 2025 and would set emission standards
to zero for MY 2026 and subsequent model years. This alternative would cost $1.81
billion more than the Proposed Amendments and have marginally lower emission
reductions than the Proposed Amendments. Staff rejected this alternative due to its
higher costs and failure to maximize the use of ZEE that is technologically feasible
starting in MY 2024.

Finally, staff evaluated a Small Business Alternative. This alternative would delay
implementation of any new emission standards until MY 2028. This alternative would
cost $419 million more and would have 28 percent lower emission reductions than the
Proposed Amendments. Staff rejected this alternative due to its failure to meet the
expected emissions reductions for SORE in the 2016 State SIP Strategy.

J. Regulatory Development Process and Outreach Efforts

Staff held public workshops and had other meetings with interested persons during
the development of the Proposed Amendments. Stakeholders’ comments during and
after these informal pre-rulemaking discussions and in response to a separate
solicitation of alternatives, provided staff with useful information that staff considered
during development of the Proposed Amendments, and in selecting alternatives for
consideration.

A survey to determine the small off-road equipment population in California was
conducted by California State University Fullerton Social Science Research Center
beginning in 2017. Throughout development of the survey, meetings of the SORE
Working Group were held to get feedback on the survey questions. The SORE
Working Group consists of interested stakeholders, including manufacturers, trade
associations, government agencies, individuals, and environmental organizations. At
each stage of the survey, all parties were invited to give feedback on the questions
asked, and the survey questionnaires were improved as a result.

Staff held three pre-rulemaking public workshops to discuss the development of the
Proposed Amendments, in September 2019, June 2020, and March 2021. Staff
presented regulatory concepts, and discussed potential amendments at these
workshops. The workshops were attended by industry representatives, environmental
organizations, and interested citizens. In addition to these public workshops, staff held
numerous meetings with equipment and engine manufacturers, industry trade
associations, environmental organizations, and interested residents.

Staff also conducted outreach to inform stakeholders about the potential regulations.
CARB staff has attended four conventions held for landscapers in California. These
conventions have provided opportunities for staff to inform professional landscapers
about potential regulatory changes and about ZEE capabilities and availability. CARB
staff has presented information about zero-emission landscaping equipment and the
potential regulatory amendments at five meetings attended by landscapers and
members of local governmental committees in California.
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Since 2018, CARB staff has operated a demonstration project called the ZEE
Roadshow, where several brands of zero-emission lawn and garden equipment
designed for professional use are loaned to landscaping crews throughout the state.
This provides them with an opportunity to use ZEE without purchasing it. The
response has been overwhelmingly positive, with nearly all crews finding at least one
ZEE type that they preferred over SORE equipment. Landscaping crews receiving the
ZEE Roadshow have included theme parks, colleges and universities, school districts,
and municipal organizations.

K. Justification for Regulations Different from Federal Regulations

The differences between the proposed California requirements and existing federal
requirements are intended to reduce NO, and ROG emissions and replace SORE
equipment with ZEE as soon as feasible. This would alleviate the health and
environmental burden of SORE emissions, allow California to meet its 2016 State SIP
Strategy commitments, and help ensure that SORE equipment sold and used in
California comply with the exhaust and evaporative emission standards over their
useful life. These regulations are justified by their benefit to human health and the
environment.

State and federal law also authorize these differences. CARB may regulate emissions
from off-road engines under the authority granted to it by the California Legislature in
the HSC, and under the provisions of the federal Clean Air Act that direct U.S. EPA to
authorize California to adopt and enforce emission standards and other requirements
relating to the control of emissions from off-road engines upon meeting the criteria for
authorization established in the federal Clean Air Act.

L. Staff Recommendation

California Air Resources Board staff recommends that the Board adopt the Proposed
Amendments to the California Code of Regulations and to the documents
incorporated by reference as provided in Appendices A through G.
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I. Introduction and Background

A. Overview

The California Air Resources Board (CARB or Board) is responsible for protecting the
public from the harmful effects of air pollution through the development of programs that
reduce the emissions of specific pollutants and their precursors. Several areas within
California exceed national ambient air quality standards (NAAQS,) set by United States
Environmental Protection Agency (U.S. EPA) for both fine particulate matter (PM) with
diameter of 2.5 micrometers or smaller (PM2s) and ozone. Currently, 19 areas within
California, including the South Coast, San Francisco Bay Area, and Sacramento County air
basins, are nonattainment areas for NAAQS for ozone. U.S. EPA set a NAAQS of 70 parts
per billion (ppb) for ozone in 2015. Most areas of California that exceed the 70 ppb
standard also exceed the older 75 ppb standard set in 2008. The Revised Proposed 2016
State Strategy for the State Implementation Plan (2016 State SIP Strategy) sets expected
emission reduction for attainment of the 75 ppb standard by 2031 for all air basins in
California. Attainment demonstrations have not yet been submitted for the 70 ppb
standard in the South Coast Air Basin or other extreme and severe nonattainment areas,
but the deadlines are expected to be no later than 2037.

Oxides of nitrogen (NO and NO., collectively denoted as NO,) also contribute to the
formation of PM,s. PM.s has direct negative health impacts. There are four areas in
California in nonattainment of the annual average NAAQS for PM:s, including the South
Coast Air Basin and the San Joaquin Valley Air Basin, according to the 2016 State SIP
Strategy. Those areas exceed an annual average of 12.0 micrograms per cubic meter
(Mg/m?), averaged over three years. San Joaquin Valley and South Coast Air Basin
nonattainment areas have attainment dates of 2025 to meet the annual average NAAQS.
New attainment dates are expected soon for the other regions.

The South Coast Air Quality Management District (SCAQMD and the San Joaquin Valley
Air Pollution Control District (SJVAPCD) are also required to meet the 24-hour 35 pg/m?
NAAQS for PM,s in 2024. SCAQMD has released a draft plan showing that the South
Coast Air Basin attained the 24-hour standard in 2020 and will maintain this standard
going forward.

Meeting these public health goals requires phasing out the use of internal combustion
engines in both on-road and off-road applications and adopting zero-emission technology.
CARB'’s 2020 Mobile Source Strategy (MSS) states that “As research continues to show
harmful effects from air pollution at increasingly lower levels, achieving the State's
complementary goals, targets and standards will provide much-needed public health
protection for the millions of Californians that still breathe unhealthy air and will reduce
exposure in the State’s most highly-impacted and disadvantaged communities.” (CARB,
2021a2). An important strategy to reduce harmful effects from air pollution emissions is
electrification, i.e., converting all fossil fuel-burning equipment to electric powered
equipment. Furthermore, the 2016 State SIP Strategy identifies the need for substantial



emission reductions from small off-road engines (SORE) and other mobile sources and
increased penetration of zero-emission technology. These emission reductions are needed
to attain ambient air quality standards and protect the health and welfare of all California
residents. In addition, California Health and Safety Code (HSC) § 43018 requires CARB to
“endeavor to achieve the maximum degree of emission reduction possible from vehicular
and other mobile sources in order to accomplish the attainment of the state standards at
the earliest practicable date.” Finally, Governor Newsom’s Executive Order (EO) N-79-20,
issued September 23, 2020, (EO N-79-20) orders CARB to develop and propose,
“Strategies, in coordination with other State agencies, the U.S. EPA, and local air districts,
to achieve 100 percent zero-emission from off-road vehicles and equipment operation in
the State by 2035.” (California Executive Order No. N-79-20, 2020). This Staff Report:
Initial Statement of Reasons (Staff Report) provides the basis for CARB staff's proposal to
amend regulations for SORE (collectively, Proposed Amendments) to reduce SORE
emissions and accelerate the adoption of zero-emission equipment (ZEE).

SORE are spark-ignition engines rated at or below 19 kilowatts (25.5 horsepower), that are
not used to propel a licensed on-road motor vehicle, an off-road motorcycle, an all-terrain
vehicle, a marine vessel, a snowmobile, a model airplane, a model car, or a model boat.
SORE are predominantly used in lawn and garden equipment such as lawn mowers, string
trimmers, and leaf blowers, as well as in other small off-road equipment such as portable
generators, pressure washers, and air compressors. The vast majority of SORE are fueled
by gasoline, but some are powered by compressed natural gas (CNG), propane, liquefied
petroleum gas (LPG), or liquefied natural gas (LNG). Small off-road equipment that are
powered by SORE are known as SORE equipment. The use and storage of SORE
equipment leads to significant emissions of air pollutants, including reactive organic gases
(ROG) and NO.. These air pollutants contribute to particulate matter (PM) and ground-
level ozone formation (elements of smog) in California.

Existing CARB and U.S. EPA emission standards for SORE have led to substantial emission
reductions. Since 2000, emissions of pollutants that contribute to ozone and PM;s
formation from SORE have decreased by 50 percent. Even so, in California, SORE emit
more NO, and ROG than light-duty passenger cars, both in summer and annually. Without
additional regulation, SORE will emit 1.8 times the amount of summertime NO, and ROG
that California light-duty passenger vehicles emit in 2031 (CARB, 2020 and 2021b).

Operating a typical professional lawn mower for one hour emits as much ozone-forming
pollution as driving a new light-duty passenger car about 300 miles —approximately the
distance from Los Angeles to Las Vegas, more than 4 hours of drive time. Operating a
typical professional backpack leaf blower for one hour emits ozone-forming pollution
comparable to driving the same light-duty passenger car about 1,100 miles —
approximately the distance from Los Angeles to Denver, more than 15 hours of drive time.
These comparisons are based on the lawn mower, the leaf blower, and the light-duty
passenger car having emissions equal to their respective emission standards.



It is necessary to update the SORE regulations to meet the expected emission reductions
put forth in the 2016 State SIP Strategy and the goals in EO N-79-20, one of which is to
“transition to 100 percent zero-emission off-road vehicles and equipment by 2035 where
feasible.” (California Executive Order No. N-79-20, 2020). A transition to ZEE is not
expected to occur without the Proposed Amendments. Without further regulation, the
SORE equipment population is projected to be higher in 2043 than it is in 2021 (CARB,
2020).

ZEE produce no direct exhaust nor evaporative emissions of any criteria pollutant or
precursor pollutant and help protect public health, attain NAAQS, reduce petroleum use,
and meet sustainability objectives. ZEE include manual equipment, corded electric small
off-road equipment (i.e., equipment that is powered through an electrical cord and is
plugged into an electrical outlet), and battery-powered electric small off-road equipment.
Manual equipment, such as reel mowers, brooms, rakes and scythes have been available
since before SORE equipment was first produced. Electric small off-road equipment have
been available for decades. Technological improvements have resulted in the performance
of currently available ZEE being comparable to the performance of SORE equipment. This
Staff Report focuses on small off-road equipment other than manual equipment when
discussing ZEE.

The Proposed Amendments would accelerate the transition to ZEE by setting evaporative
and exhaust emission standards to zero for new SORE (engines or equipment produced
for sale or lease for use or operation in California), except engines used exclusively in
generators, for model year (MY) 2024 and subsequent model years. Implementing
emission standards of zero [0.00 grams of hydrocarbons (HC) + NOy per kilowatt-hour, or
g-kWh-, for exhaust emissions and 0.00 grams per test for evaporative emissions] does not
necessarily mean that all new sales of small off-road equipment would be ZEE. Banked
emission reduction credits could be used to offset emissions from SORE for up to five
model years after the credits were generated. Also, engines or equipment emitting below
0.005 g-kWh' or g-test” could be certified to meet emission standards of zero. However,
staff believes that it is unlikely that engines or equipment meeting emission standards of
zero will be manufactured. It is more likely that manufacturers will use emission reduction
credits in the near-term to offset emissions from SORE while the credits are available.

Currently, most ZEE is either battery-powered or corded electric equipment, but fuel cells
could also be used in place of engines subject to the SORE regulations. Under the
Proposed Amendments, new generators would be subject to more stringent emission
standards for MYs 2024 through 2027, and a zero-emission standard for MY 2028 and
subsequent model years. Any remaining emission reduction credits may be used to allow
for continued production of SORE for sale or lease for use or operation in California. The
Proposed Amendments would also amend existing credit programs and make other
changes to the SORE regulations to improve consistency and increase compliance
flexibility for manufacturers, while reaching lower emission levels and maintaining
enforceability.



The remainder of this chapter describes CARB's legal authority to regulate SORE
emissions, provides an overview of the SORE regulations and their history, summarizes the
Proposed Amendments, and provides background information about the expected
emission reductions from the 2016 State SIP Strategy and the MSS that necessitate
replacement of all SORE equipment by ZEE (CARB, 2017b and 2021a2). This chapter also
provides a synopsis of the current ZEE market and potential challenges for ZEE
deployment. The remainder of this Staff Report provides the rationale for the Proposed
Amendments, summarizes the regulatory development process, and describes the
potential environmental and economic benefits and impacts of the Proposed Amendments
and alternatives that staff considered.

B. Legal Authority and Responsibilities
1. State Law

Under California HSC sections 39500 and 39602, CARB is the air pollution control agency
responsible for controlling emissions from motor vehicles “for all purposes set forth in
federal law.” Under HSC section 39602.5, CARB is required to “adopt rules and
regulations pursuant to Section 43013 that ... will achieve ambient air quality standards
required by the federal Clean Air Act ... in all areas of the state by the applicable
attainment date, and to maintain these standards thereafter.” Specifically named among
CARB's general duties and powers (HSC §§ 39600-39619.8) are the responsibilities to
prepare California’s State Implementation Plan (SIP) and to coordinate all local air quality
management district activities necessary to comply with the federal Clean Air Act.
Furthermore, HSC section 43013 requires CARB to “adopt and implement motor vehicle
emission standards, in-use performance standards, and motor vehicle fuel specifications
for the control of air contaminants and sources of air pollution which the state board has
found to be necessary, cost effective, and technologically feasible, to carry out the
purposes” of its enabling statutory authority. Adoption and implementation of emission
standards carries out many purposes provided in CARB’s enabling statutory authority,
including the following purpose: “The control and elimination of ... air pollutants [are] of
prime importance for the protection and preservation of the public health and well-being,
and for the prevention of irritation to the senses, interference with visibility, and damage
to vegetation and property.” (HSC section 43000, subd. (b).) HSC section 43018 requires
that CARB endeavor to achieve the maximum degree of technologically feasible, cost
effective reductions of emissions from all mobile source categories under its jurisdiction,
including off-road mobile sources such as SORE, to accomplish the attainment of ambient
air quality standards at the earliest practicable date. Under its statutory authority, CARB
may adopt test and certification procedures to ensure compliance with CARB’s emission
standards (HSC sections 43101, 43102, and 43104).

To comply with HSC provisions noted above, the Board adopted, and has since amended,
the exhaust and evaporative regulations for SORE found in California Code of Regulations
(CCR), Title 13, sections 2400 through 2409 and 2750 through 2774, and test and
certification procedures incorporated by reference therein. The regulations contain the
performance standards and specifications—including SORE exhaust and evaporative



emission standards—that must be met by equipment manufacturers to obtain CARB
certification in the form of an Executive Order of Certification. The test procedures verify
compliance with performance standards and specifications, and the certification
procedures detail requirements for evaporative emission control system certification.
These regulations and certification and test procedures help CARB verify that engines sold
in California are certified and labeled to meet all applicable requirements.

The federal Clean Air Act, section 209(e)(1) preempts certain SORE from CARB regulation
of emission standards, which are new engines used in construction equipment or vehicles
or used in farm equipment or vehicles and which are smaller than 175 horsepower.
Approximately 11 percent of small off-road equipment in California are construction
equipment or vehicles or farm equipment or vehicles which use engines smaller than 175
horsepower.

2. Federal Law

Section 209(e) of the federal Clean Air Act uniquely grants the State of California the
authority to adopt and enforce rules to control emissions from nonroad engine or
vehicular sources within the state, including SORE (with the exception of new engines
which are used in construction equipment or vehicles or used in farm equipment or
vehicles and which are smaller than 175 horsepower, as discussed in section .A.1. of this
Staff Report). California is allowed an exemption from federal Clean Air Act provisions that
otherwise prevent states from setting their own emission standards for mobile source
emissions. The exemption recognizes California’s long standing air pollution challenges
and pioneering efforts to reduce mobile source emissions.

C. Regulatory History

Emissions from SORE occur both when the engine is running (exhaust and evaporative
emissions) and when it is not running (evaporative emissions). Exhaust emissions contain
both NO, and ROG, while evaporative emissions contain ROG. CARB adopted the first
SORE regulations in 1990 when setting the first exhaust emission standards. The exhaust
emission regulations include emission standards for HC?, NO,, carbon monoxide (CO), and
PM. The exhaust emission standards were implemented in two tiers between MYs 1995
and 2002. Further exhaust emission standards and the first CARB evaporative emission
standards for SORE were adopted in 2003. Evaporative emissions occur both when the
engine is operating and when it is not. The most recent SORE exhaust emission standards
were implemented between MYs 2000 and 2008. The evaporative emission standards
were implemented between MYs 2006 and 2013.

@ Hydrocarbons are chemical compounds consisting of carbon and hydrogen only; many hydrocarbons are
ROG. Emissions of all organic compounds are measured to verify compliance with the emission standards for
hydrocarbons for gasoline-fueled engines.



The most recent amendments to the evaporative emission regulations were adopted in
2016, following validation studies that found low rates of compliance with existing
emission standards. A major purpose of these amendments was to increase compliance
rates and facilitate compliance testing and enforcement actions. The amendments
included the following: the requirement for one engine instead of five to be tested for an
initial compliance determination; the option for the Executive Officer to purchase
equipment for compliance testing; and the requirement for bonds to be posted by
manufacturers without sufficient U.S. assets to cover potential enforcement penalties. The
2016 amendments did not change the emission standards except to include fuel line
permeation emission standards for engines with displacement® less than or equal to

80 cubic centimeters (cc). These fuel line permeation emission standards were similar to
those included in U.S. EPA regulations and implemented between MYs 2012 and 2016.
Tables I-1, 1-2, and I-3 provide the current SORE exhaust and evaporative emission
standards, respectively. CARB staff continues to perform compliance testing to hold
manufacturers accountable for achieving the certified emission levels and ensure
Californians realize the air quality benefits of the current regulations.

Both exhaust and evaporative emission regulations include emission reduction credit
programs, which allow manufacturers to produce engines that emit at levels higher than
the emission standards if they offset those with engines that emit at levels lower than the
emission standards. The exhaust emission reduction credit program allows for credit
generation for ZEE. The credit programs are reviewed in more detail in Chapter II.

Table I-1. Current SORE exhaust emission standards.

Displacement category (I;Ck\-;-v:m\lgx (c;(-)kWW) r:aar:,::"f'ate
(g-kWh)

<50 cc 50 536 2.0

50-80 cc, inclusive 72 536 2.0

>80 cc-<225cc 10.0 549 NA

225-825 cc, inclusive 8.0 549 NA

> 825 cc 8.0 549 NA

b Displacement is the total swept volume of all the cylinders in an engine, usually expressed in cubic
centimeters or liters, and is an expression of an engine’s size.

¢ g-kWh': grams (g) of emissions per kilowatt-hour (kWh). A kilowatt-hour is a unit of energy equal to one
kilowatt of power sustained for one hour.



Table I-2. Current SORE diurnal emission standards.

Current diurnal emission standard

Displacement category (g organic material hydrocarbon equivalent-day™)

< 80 cc N/A

>80cc-<225cc

except walk-behind mowers 0.95 + 0.056 x nominal capacity (liters)

>80cc-<225cc

walk-behind mowers 1.0

> 225 cc 1.20 + 0.056 x nominal capacity (liters)

Table I-3. Current permeation emission standards for SORE with displacement
less than or equal to 80 cc.

Displacement | Fuel line permeation emissions? | Fuel tank permeation emissions
category (g ROG-m2-day”) (g ROG-m2-day)

< 80 cc 15 or 225 2.0

All SORE with displacement greater than 80 cc must meet the evaporative emission
standards noted in Table I-2 in compliance testing, but manufacturers may use evaporative
emission control system components that meet design standards for certification. The
design standards include fuel tank and fuel lines permeation emission standards. These
permeation emission standards set a maximum amount of ROG that can penetrate
through the walls of fuel lines or fuel tanks and evaporate on outside surfaces. The design
standard for carbon canisters sets a minimum working capacity that is proportional to the
nominal capacity of an engine’s fuel tank. Carbon canisters control fuel tank venting
emissions to reduce their release to the atmosphere. SORE with displacement less than or
equal to 80 cc must meet permeation emission standards for fuel tanks and fuel lines.

D. Criteria Air Pollutants and Air Quality Commitments

The federal Clean Air Act requires the U.S. EPA to set NAAQS for six of the most common
air pollutants, which are collectively known as “criteria air pollutants” or simply “criteria
pollutants.” Criteria pollutants include ground-level ozone, PM, CO, lead, sulfur dioxide,
and nitrogen dioxide (NO,). Emissions of NO, and ROG from SORE contribute to three of
these—ozone, PM, and NO,—either directly (NO, and PM) or indirectly (NO-, ozone and
PM) and all have negative health effects. The next subsections of this chapter cover the
following topics: Subsection I.D.1 provides a brief review of the negative health effects
associated with criteria air pollutants; subsection I.D.2 gives an overview of expected

4 The fuel line permeation emission standard of 225 g ROG-m2day' applies to fuel lines used in chainsaws;
fuel lines in other equipment must meet a 15 g ROG-m2-day™ fuel line permeation emission standard.



emission reductions in the 2016 State SIP Strategy and the MSS; and subsection I.D.3
discusses EO N-79-20 and how the Proposed Amendments will help reach the goals
stated therein. These goals and commitments prompted and guided the development of
the Proposed Amendments to the SORE regulations. Section D of Chapter IV provides a
more in-depth review of the negative health effects associated with the pollutants.

1. Negative Health Effects

NOx is a set of highly reactive gases, NO, and NO, which are emitted from internal
combustion engines. The majority of NO, emissions from internal combustion engines are
NO, but NO; is rapidly formed in the presence of ozone. Breathing air with a high
concentration of NO- can irritate airways in the human respiratory system. Such exposures
over short periods can aggravate respiratory diseases, particularly asthma, leading to
respiratory symptoms (such as coughing, wheezing or difficulty breathing), hospital
admissions and emergency room (ER) visits. Longer exposures to elevated concentrations
of NOx may contribute to the development of asthma and potentially increase
susceptibility to respiratory infections. People with asthma, as well as children and the
elderly, are generally at greater risk. NOx reacts with other chemicals in the air to form
both ozone and PM;s (World Health Organization, Europe, 2006).

Both ozone and PM, especially PM.s, are harmful when inhaled (Xing et al., 2016). Ozone
can trigger a variety of health problems including chest pain, coughing, throat irritation,
and airway inflammation. It can also reduce lung function and harm lung tissue. Ozone can
worsen bronchitis, emphysema, and asthma, leading to increased medical complications
(The Royal Society, 2008). Similarly, studies have linked daily exposure to PMzs with
hospitalization for heart- and lung-related causes. Exposure to PM.s also increases the
number of ER visits and exacerbates asthma and other respiratory diseases, such as
chronic obstructive pulmonary disease. It can also increase the severity of respiratory
symptoms and the frequency of asthma medication use. Exposure to ozone and PM;swas
estimated to contribute to between 16,000 and 40,400 premature deaths in California in
2012 (Wang et al., 2019).

ROG include all organic gas compounds emitted to the atmosphere except certain less
reactive compounds, such as methane and ethane. ROG contributes to the formation of
tropospheric ozone through reaction with NOx in the presence of sunlight (The Royal
Society, 2008). Additionally, some components of ROG can have direct health effects, in
particular, those that are toxic air contaminants (TAC). According to HSC section 39655,
TACs are “air pollutants which may cause or contribute to an increase in mortality or an
increase in serious illness, or which may pose a present or potential hazard to human
health.”

2. State Implementation Plan

All geographic areas in California that are designated nonattainment areas for one or
more NAAQS are required by the federal Clean Air Act to submit a SIP. Under federal
Clean Air Act section 110, SIPs provide for the “implementation, maintenance, and



enforcement” of NAAQS. Areas with more significant air quality challenges are required to
include strategies to attain the relevant NAAQS. Substantial progress has been achieved
in reducing NO, and ROG emissions in California through implementation of CARB's
existing mobile source programs, and it is expected that these programs will continue to
provide further reductions through 2031, contributing significantly to meeting ambient air
quality standards. As a result of SORE regulations and increasing adoption of ZEE by
users, emissions of NO, and ROG from SORE have decreased by 50 percent since 2000.

However, the most recent ozone NAAQS are more stringent than the previous ozone
NAAQS and warrant more extensive emissions control strategies. Although California has
significantly reduced ambient ozone concentrations, the challenges posed by the more
stringent NAAQS prompted the reclassification of the San Joaquin Valley and South Coast
nonattainment designations. Both regions are now classified as “extreme nonattainment”
with regard to the 8-hour ozone standard. For example, to meet the 75 ppb NAAQS for
ozone by 2031, the South Coast Air Basin will require an approximate 80 percent
reduction in ambient NO, from current levels. Statewide, about 12 million Californians live
in communities that still exceed the federal ozone and PM;s standards. Federal Clean Air
Act § 182(e)(5) provides that extreme nonattainment areas may rely on the development
of new technologies or improvement of existing technologies, in addition to other
enforceable commitments. The 2016 State SIP Strategy states that achieving this reduction
will require comprehensive efforts to address emissions from both stationary and mobile
sources including SORE through ongoing implementation of already adopted measures, as
well as new actions.

In 2007, CARB adopted SIPs for the federal 1997 80 parts per billion (ppb) 8-hour ozone
NAAQS (CARB, 2007b). The 2007 SIPs included a comprehensive State Strategy (2007
State SIP Strategy) and local attainment plans. These plans were designed to attain the
1997 80 ppb 8-hour ozone NAAQS, as well as the 1997 65 micrograms per cubic meter
(Mg/m3) 24-hour and 15 pg/m?® annual PM2s NAAQS. The 2007 State SIP Strategy called for
a combination of technically feasible and cost-effective control strategies. In 2009 and
2011, CARB adopted revisions to the 2007 State SIP Strategy, updating the assumptions
and control strategy to demonstrate attainment (CARB, 2009 and 2011a).

The 2007 State SIP Strategy includes the following measure for reduction of emissions
from SORE: Reduce exhaust emission from SORE by tightening emission limits as a long-
term concept (CARB, 2007a).

In 2017, CARB adopted the 2016 State SIP Strategy (CARB, 2017b). The 2016 State SIP
Strategy included control measures to achieve the reductions necessary from mobile
sources, fuels, and consumer products to meet the 1997 80 ppb 8-hour ozone, 2008 75
ppb 8-hour ozone, and 2012 12 pg/m? PM.s NAAQS. The 2016 State SIP Strategy
proposed a suite of regulatory and incentive programs, which, in combination with local
actions, were designed to achieve emission reductions to meet the NAAQS. The 2016
State SIP Strategy includes a new measure for SORE with the goal to reduce SORE



emissions and increase the penetration of zero-emission technology. The 2016 State SIP
Strategy includes the following actions and expected emission reductions for SORE:

Reduce exhaust and evaporative emissions from SORE through enhanced enforcement of
the current emission standards, adoption of more stringent exhaust and evaporative
emission standards, and increased use of ZEE.

Develop additional strategies for transitioning to zero-emission technologies, including an
initial focus on incentives for use of ZEE.

Propose regulations to reduce SORE emissions by 2031 by the following amounts:

e Statewide: Reduce NO, emissions by 4 tons per day (tpd), ROG emissions by
36 tpd, and PMz;5 by < 0.1 tpd.

e South Coast Air Basin: Reduce NO, emissions by 2 tpd and ROG emissions by 16
tpd.

e San Joaquin Valley Air Basin: Reduce NOy emissions by 0.3 tpd.

In November 2016, CARB staff proposed to the Board and the Board approved for
adoption amendments to the evaporative emission requirements for SORE with provisions
for enhanced enforcement of the evaporative emission standards. Staff also began
conducting more frequent compliance testing in Fall 2016. CARB staff has pursued several
strategies to encourage the adoption of zero-emission technologies as detailed in
subsection E of this chapter. The Proposed Amendments described in Chapters Il and X
are designed to achieve the expected emission reductions for SORE.

The 2016 State SIP Strategy also includes a measure for “Further Deployment of Cleaner
Technologies: Off-Road Equipment” specific to the South Coast Air Basin. This measure
would achieve an estimated 18 tpd of NO, emission reductions and 20 tpd of ROG
emission reductions by 2031 but does not specify the source of the reductions. The
measure calls on CARB and the local air district to identify and develop mechanisms to
incentivize deployment of near-zero and zero-emission technologies, and to expand and
enhance existing incentive and other innovative funding programs for off-road equipment
to increase the emphasis on and support for ZEE and provide near-source risk reduction
for operators of the equipment. The Proposed Amendments described in Chapters Il and
Xl include changes to expand existing emission reduction credit programs to further
incentivize and accelerate the production of ZEE.

Amendments to regulations for SORE are necessary. In the absence of tighter emission
standards for SORE, emissions of the ozone precursors NO, and ROG are expected to
increase as California’s population continues to grow. Maximum emissions reductions must
be achieved from SORE in order to avoid this increase in emissions and instead reduce
SORE emissions to achieve 2016 State SIP Strategy commitments necessary to attain the
ozone NAAQS and protect public health and welfare.
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3. Executive Order N-79-20

In September 2020, Governor Gavin Newsom issued Executive Order N-79-20, which sets
a goal to “transition to 100 percent zero-emission off-road vehicles and equipment by
2035 where feasible.” EO N-79-20 specifically directs CARB, to the extent consistent with
State and federal law, to develop and propose strategies, in coordination with other state
agencies, U.S. EPA and local air districts, to achieve 100 percent zero-emission from off-
road vehicles and equipment operations in the State by 2035. The EO further states that in
implementing the strategies, CARB “shall act consistently with technological feasibility and
cost-effectiveness.” (California Executive Order No. N-79-20, 2020).

The Proposed Amendments are an important part of meeting the 2035 zero-emission goal
for off-road vehicles and equipment operations. Setting SORE exhaust and evaporative
emission standards to zero for new engines (engines produced for sale or lease for use or
operation in California) for MY 2024 and subsequent model years for all equipment except
generators, and for MY 2028 and subsequent model years for generators, will result in a
significant change in the in-use fleet of SORE equipment to ZEE by 2035. As described in
the next section and following chapters, development of the Proposed Amendments took
into account the typical useful lifetime of current SORE equipment and technological
feasibility and cost-effectiveness of current and anticipated zero-emission options.

E. Technological Feasibility
1. Current ZEE Availability and Usage Rates

ZEE have been available for many equipment types for decades. The level of performance,
number of brands, and number of equipment options have increased greatly and continue
to do so today. Battery and electric motor technology has advanced rapidly in recent
years, while costs have declined. Advances in battery technology have allowed for the
price of batteries to fall precipitously. It is projected that from 2010 to 2030, the price of a
battery holding a kilowatt-hour of energy will decrease by over 90 percent (Martin, 2019).
The increase in use of brushless electric motors has led to a significant increase in the
efficiency of equipment using that technology. These developments have led to a
significant increase in ZEE product development over the last several years.

ZEE on the market today have a broad range of both capability and price. For residential-
grade equipment, there are currently at least 35 different manufacturers of ZEE

(CARB, 2021c). For lawn mowers, one of the most abundant types of small off-road
equipment, there are at least 28 brands of ZEE available, with many brands offering
multiple models. The number of manufacturers has risen steadily over the past 15 years,
and is likely to continue rising as the market for ZEE matures. Residential users can
purchase quality ZEE at most home improvement retailers and hardware stores.

For professional-grade equipment, there are at least twelve different manufacturers of ZEE
(CARB, 2021c) with at least nine brands of ZEE lawnmowers. Many of these manufacturers
are those who currently make SORE equipment trusted by professional users. This
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equipment can be purchased directly from the manufacturer or through certified dealers
located around the state, similar to purchasing gasoline-powered equipment.

Generators are another common type of small off-road equipment. Zero-emission
generators are available to meet users’ demand, and their price depends largely on the
cost of energy storage. The expected decrease in the cost of energy storage will both
decrease the average cost of a zero-emission generator and increase energy storage.
Some small off-road equipment is specialized and used in emergency response. These
include chainsaws, pumps, and cutoff saws. While zero-emission chainsaws, pumps, and
cutoff saws are available, new engines used in chainsaws with displacement 45 cc and
above, pumps with displacement 40 cc and above, and cutoff saws are preempt under
section 209(e)(1) of the federal Clean Air Act, and therefore, not subject to the SORE
regulations. Chainsaws designed for use by firefighters typically use engines with
displacement 45 cc or above (Stihl USA, 20211), and fire pumps typically use engines with
displacement 40 cc or above (CET, 2021). Section 2403(f) of the exhaust emission
regulations provides that “fire and police departments, and other entities that specialize in
emergency response may purchase emergency equipment powered by a non-California
certified engine only when such equipment with a California-certified engine is not
available.” This provision allows a fire or police department, or other entity that specializes
in emergency response, to submit a request to the Executive Officer for approval to
purchase emergency equipment powered by a non-California certified engine, if no
equipment powered by California certified engines and consistent with the entity’s
application requirements is available. CARB has not received any request from a fire or
police department, or other entity that specializes in emergency response to purchase
emergency equipment powered by a non-California certified engine. The Proposed
Amendments would not impact this existing provision.

To better understand the small off-road equipment population in California, CARB
contracted with the Social Science Research Center (SSRC) at California State University,
Fullerton (CSUF) to conduct an intensive survey between 2017 and 2019 of households,
nonlandscaping businesses, and landscapers on their ownership and use of small off-road
equipment, and other related topics (CSUF survey) (CSUF SSRC, 2019). Staff developed
the survey questions in close collaboration with SSRC, industry and other interested
stakeholders through a series of working group meetings. The main goal of the survey was
to calculate a more accurate inventory of small off-road equipment in California for
emissions modeling. The survey reached over 1,100 households, 1,300 businesses and 600
landscaping businesses throughout the state. Topics included ownership, use rates,
knowledge of ZEE, and maintenance practices. The final report estimates the total small
off-road equipment population and the populations of several equipment types.

According to the CSUF survey, almost half of households own at least one piece of lawn
and garden equipment. Nearly 40 percent of households own another piece of small off-
road equipment such as an air compressor, generator, or pressure washer. The residential
sector makes up the majority of the small off-road equipment population in California, with
a total population of about 26.4 million pieces of equipment (CSUF SSRC, 2019). Of the
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26.4 million pieces of residential small off-road equipment in California, about 15.5 million
are ZEE. This represents a current ZEE ownership rate of 59 percent for residential small
off-road equipment in California. Residential users use their equipment less frequently
than professional users, and thus replace equipment less frequently. The CSUF survey
showed that the median age of equipment is six years for a residential lawnmower and five
years for a trimmer/edger. Only 7 percent of households stated that they intended to buy
any additional pieces of small off-road equipment or replacements for their current small
off-road equipment in the next year.

The professional sector makes up a relatively small portion of the SORE equipment
population in the state. Per the CSUF survey, the total professional SORE equipment
population is about 2.87 million, which is about 10 percent of the total population in
California. Although professional equipment make up only a small fraction of all SORE,
professional equipment are used far more frequently than residential equipment and
produce the majority of SORE emissions in California. Of the 2.87 million pieces of
professional small off-road equipment, only about 960,000, or 33 percent, are ZEE. Eight
percent of small off-road equipment used by landscaping businesses are ZEE.

2. Comparison of ZEE and SORE Equipment

For the most common types of SORE equipment, there are ZEE equivalents available in
the market with similar or better performance characteristics and lifetime. For the purpose
of comparing performance characteristics and lifetime, staff evaluated some of the most
popular types of small off-road equipment available in the market for both residential and
professional use. This comparison is not comprehensive and does not demonstrate that
SORE equipment and ZEE have identical performance.

For both residential and professional equipment analyses, staff evaluated SORE
equipment and their ZEE equivalents. The nine most common types of small off-road
equipment were evaluated. For residential equipment, these make up 98 percent of in-use
residential SORE equipment that would be impacted by the Proposed Amendments is
considered in the analysis (CARB, 2020). For professional equipment, the nine equipment
types evaluated by CARB make up 91 percent of the professional SORE equipment that
would be impacted by the Proposed Amendments is considered by this analysis (CARB,
2020).

a. Performance Characteristics

i. Residential Equipment

Staff analyzed the performance of residential SORE equipment and ZEE that are similar in
functionality, as shown in Table |-4. The analysis focused on bestselling SORE equipment
models for each equipment type, using data from major home improvement retailers
regarding median price and popularity. The ZEE was selected for similar characteristics to
the SORE equipment. Staff reviewed characteristics of each piece of equipment to
determine what work it could accomplish. For instance, with the lawn mower, cutting
width, self-propulsion, and cutting height adjustment were considered. The SORE and
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zero-emission mowers both have 21-inch cutting widths, and have six cutting height
positions. These characteristics determine how quickly a lawn mower is able to cut grass.
The zero-emission lawn mower is self-propelled, while the SORE lawn mower is not, so the
zero-emission lawn mower would be easier to operate for most users. With similar
characteristics, the lawn mowers are equally capable of cutting a lawn in similar time.

Staff compared leaf blowers that can move similar amounts of leaves based on air flows
stated in equipment specifications. The SORE equipment considered moves air at 453
cubic feet per minute, while the ZEE ranges from 250 to 500 cubic feet per minute. The
blowing force of the SORE blower is 15.8 Newtons. The zero-emission leaf blower has a
blowing force of 21 Newtons. The chainsaws compared have the same bar length,
allowing them to cut similar sized objects. The pressure washers both create streams with
3,000 pounds per square inch of pressure and have interchangeable nozzles. The zero-
emission pressure washer has a maximum flowrate of 1.3 gallons per minute (gpm), while
the SORE pressure washer has a maximum flowrate of 2.3 gpm. The SORE riding mower
has a 48 inch cutting deck. While 48 inch residential-grade electric riding mowers are less
common, both 38 inch and 54 inch versions are available. Both the SORE and electric
riding mowers are mulching capable with side discharge. The SORE riding mower has a
top drive speed of 5.5 miles per hour (mph), while the zero-emission riding mower has a
top drive speed of 7 mph. The SORE snow blower has an 18 inch clearing swath, while the
electric has a 20 inch clearing swath. Both have adjustable chutes to change the direction
of snow throw. The SORE string trimmer has a cutting swath of 18 inches and bump feed.
The battery-electric string trimmer has a cutting swath range of 14 to 16 inches and also
has bump feed. While the cutting swath of the electric string trimmer is slightly smaller
than its SORE counterpart, it allows for a wider range of string diameters and has an
adjustable cutting depth. Both trimmers have attachments that can be changed for other
tool capabilities.

Generators are different from other SORE, in that their function is to generate electricity.
Because of this, zero-emission generators often do not contain an electric motor.© Instead,
zero-emission generators often convert chemical energy to electrical energy without the
use of an electric motor. Characteristics that establish functionality of a SORE or zero-
emission generator include the types and number of receptacles available on the
generator and the power rating. Most SORE and zero-emission generators are equipped
with 120-volt power output, but both are available with 240-volt output as well. The SORE
and zero-emission generators cited in Table I-4 both have 120-volt output. The runtime of
a zero-emission generator that does not have solar or wind attachments is determined by
the energy storage and the load on the generator. Therefore, if a longer runtime is
required under the same load, a larger energy storage zero-emission generator must be

¢ In this context, an electric motor is a rotating machine that transforms electrical energy into mechanical
energy.
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purchased. Zero-emission generators can also be purchased with solar or wind generation
equipment, which can add to the available power and runtime.

The SORE equipment and ZEE evaluated may have different runtimes, but the runtime of
the ZEE can always be extended through the use of additional batteries. Additional
batteries can increase the cost of the equipment to complete the job. However, if the
equipment is used enough to necessitate extra batteries, it is more likely that users will
make back the additional investment through decreased maintenance and fuel costs.

Table I-4. Residential SORE equipment and ZEE used in performance analysis.

Type of Make and SORE Make and
yps model of SORE | equipment ZEE citation
equipment . s model of ZEE
equipment citation
. . (Home Depot, DEWALT (Home Depot,
Chainsaw RyobiRY 3716 | 50201) DCCS670T1 | 2020d)
Portable S{Eﬁif‘ (Home Depot, Goal Zero Yeti | (Goal Zero,
Generator 4030744 2020b) 1500 2020b)

Lawn Mower

Troy-Bilt TB170
XP Space Saver

(Home Depot,
2020c¢c)

Ego LM2102SP

(Home Depot,
2020f)

Leaf Blower/

(Home Depot,

Vacuum Echo PB-2520 2020e) Ego LB6500 (Lowes, 2021a)
Pressure . (Home Depot, Sun Joe (Home Depot,
Washer Ryobi RY803001 | 5050m) SPX4600 2020n)
RYOBI P750- (Home Depot,
Pump < 2 hp GPT Co. XG10 (Lowes, 2021b) P163 2020K)
Riding Mower John Deere (Home Depot, RYOBI- (Home Depot,
9 BG21077 2020h) RY48140 2021a)
Briggs &
Snow Blower Stratton (2%281; Depot, g:lezeoré)works (2I-c|)c§r(r)1e) Depot,
#1697099 g
Trimmer/Edger/ (Home Depot, Milwaukee (Home Depot,
Brush Cutter | 107021978 20200) 2825-21ST 2021b)

ii. Professional equipment

For each professional equipment type, SORE equipment and ZEE that are similar in
functionality were selected for performance analysis, as shown in Table I-5. Staff reviewed
characteristics of each piece of equipment to determine what work it could accomplish.
For instance, with the riding mower, deck size, speed range, and discharge system were
evaluated. Both riding mowers have a 60-inch deck size, a 10 mile-per-hour top speed,
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side discharge decks, and twin lever control for steering. With these similar characteristics,
the riding mowers are expected to be able to accomplish the same jobs.

The SORE and zero-emission chainsaws compared in the performance analysis both have
18-inch bar lengths. The manufacturer’s description of the zero-emission chainsaw claims it
“Provides expected power and torque of a 50cc gas engine.” (Greenworks, 2021b).
Chainsaws using engines with displacement 45 cc or greater are preempt and would not
be impacted by the Proposed Amendments. The walk-behind lawn mowers compared are
both self-propelled and have 21-inch cutting decks. Both mowers are capable of mulching
or bagging the grass cuttings. The SORE lawn mower has drive speeds between 2.1 and
4.0 mph, while the ZEE lawn mower has drive speed between 1.1 and 3.3 mph. The SORE
leaf blower has a maximum air velocity of 232 miles per hour, while the ZEE leaf blower
has a maximum of 188 miles per hour. The blowing force of the zero-emission leaf blower
is 21 Newtons, while the blowing force of the SORE leaf blower is 30 Newtons. The
trimmers compared have similar cutting widths, with the SORE trimmer at 46 centimeters
and the zero-emission trimmer at 40 cm. The SORE snow blower has a 28-inch clearing
width and can throw the snow up to 45 feet. The zero-emission snow blower has a 21 inch
clearing width and can throw snow up to 40 feet. For the pressure washers, both are cold
water units. Both units have a maximum pressure of 4,000 psi and maximum flow rate of
3.5 gallons per minute. Both the SORE and zero-emission pressure washers can operate
over a variety of nozzle angles.

The SORE generator cited in Table I-5 has both 120-volt and 240-volt output. The zero-
emission generator has 120-volt, universal serial bus (USB) A, USB-C, USB-C power
delivery, 6 mm port, 12-volt car port, and a 12-volt high power port. The runtime of a
zero-emission generator that does not have solar or wind attachments is determined by
the energy storage and the load. Therefore, if a longer runtime is required, a larger energy
storage zero-emission generator must be purchased. Zero-emission generators can be
purchased with solar or wind generation equipment, which can add to the available power
and runtime. The Goal Zero 3000X is compatible with solar attachments, which can be
purchased separately. More information on zero-emission generators is in section |.E.3.b,
below.

Runtime for ZEE is determined by the battery capacity and the load. For most professional
equipment, including all the handheld equipment, extra batteries can be purchased at any
time. Some riding mowers, including the Gravely Pro-Turn EV (Gravely, 2021), have
batteries that can be exchanged.
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Table I-5.

Professional SORE equipment and ZEE used in performance analysis.

Tvbe of Make and SORE Make and
yps model of SORE | equipment ZEE citation
equipment . s model of ZEE
equipment citation
. Greenworks
) . (Stihl USA, . (Greenworks,
Chainsaw Stihl MS-211 2020b) glé){nmermal GS 2021b)
Generator Set Honda (Honda, Goal Zero (Goal Zero,
EU7000iS 2020a) 3000X 2020a)
Lawn Mower Honda (Honda, Greenworks (Greenworks,
HRC216HXA 2020b) GMS210 2021c)
Leaf Blower/ Husqvarna (Leaf Blowers . (Stihl USA,
Vacuum 967 14 43-01 | Direct, 2020) | >N BGA200 | 50511y
(Pressure Pressure Pro (Pressure
Pressure Washer Simpson Washers EE3540A-AS + | Washers Direct,
SW4035HADM Direct, 2020) Goal Zero 2021; Goal
! 3000X Zero, 2020a)
(Northern
Tool and Milwaukee (Home Depot,
Pump <2 hp Honda GX-25 | £ ioment, | 2771-21 2020i)
2020)
Riding Mower John Deere (John Deere, | Mean Green (EEqu(J)ipment
Z920M 2020) CXR-60 Supply, 2020)
Toro Power (Snow Blowers
Snow Blower Max HD 928 (Toro, 2020) | Toro 39902 Direct, 2020)
Trimmer/Edger/ Husqvarna (Husgvarna, Husqvarna 536 | (Husqgvarna,
Brush Cutters 525LST 2020a) LiLx 2020b)

iii. Operational differences between SORE equipment and ZEE

While ZEE can perform the same jobs as SORE equipment, there are differences in
operator experience with the two types of equipment. Overall, the zero-emission versions
of specific equipment types have been designed to mimic the user experience of the
SORE equipment, but there are differences in preparing equipment for use.

With ZEE, particularly for regular users, the timing of battery charging needs to be
considered. For most professional users, it is assumed they will purchase sufficient
batteries for a typical day of use and will recharge the batteries overnight when not
operating equipment. Users would need sufficient electrical service and outlets to run
battery chargers overnight. Daily runtime can be extended without the purchase of extra
batteries if recharging is possible.
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When operating SORE equipment, users must make regular trips to the gas station. The
user must fill a portable fuel container (PFC) with gasoline and then pour the gasoline into
the equipment fuel tank. For any two-stroke equipment,f the fuel must be mixed with oil in
a specific (generally 50:1) ratio before adding fuel to the equipment. This adds time to
preparing equipment for use. These operations present numerous opportunities for fuel
spillage, another source of excess ROG emissions from SORE.

Starting the equipment can also be very different for SORE equipment and ZEE. All ZEE is
push-button start. Sometimes ZEE is purposefully made with starting sequences that
requires pressing certain buttons in a certain order to avoid accidental power up (e.g., U.S.
Consumer Safety Product Commission, 2021). SORE equipment is sometimes available
with push-button start for a premium. Other SORE equipment has recoil start where the
user must use a pull cord to physically start the engine.

iv. Equipment lifetimes

When a manufacturer certifies SORE for sale or lease for use or operation in California, it is
required to choose an emissions durability period, which is the period that represents an
engine’s useful life. Currently, emissions durability periods for SORE in California range
from 50 to 1000 hours. The wide range in durability periods can come from various points
of failure including piston ring failure, crank bearing failure, gasket degradation, and
various carburetor issues. Since there are so many moving parts inside an internal
combustion engine, the opportunity for failure is high.

ZEE, in contrast, often utilize electric motors. In general, these electric motors are either
brushed or brushless direct current motors, with the brushless motors being the newest
and most preferred option. Electric motors do not have many moving parts. In general,
this leads to significantly longer lifespans of the motors, with brushed electric motors
operating between 1,000 and 3,000 hours depending on the material composition of the
brushes (Perzan, 2021; Janjua, 2017). Based on market reports, staff expects the majority
of new ZEE purchased to be battery-powered (Farnsworth Group, 2021). The majority of
battery-powered equipment utilizes brushless motors due to the increased efficiency and
lifespan of the motors. Brushless motors can operate for tens of thousands of hours,

fThe complete combustion cycle of a two-stroke engine requires one up and one down movement of the
piston within the cylinder during one crankshaft revolution. The complete combustion cycle of a four-stroke
engine requires two up and two down movements of the piston within the cylinder during two crankshaft
revolutions. A complete combustion cycle is the complete process of gasoline and air being drawn into the
cylinder, compressing the mixture, igniting it, and expelling the exhaust. Two-stroke engines have fewer
moving parts than four-stroke engines and often have a higher power-to-weight ratio. Two-stroke engines
require pre-mixing of fuel and oil, often referred to as premix, because they rely on the oil in the fuel-oil
mixture to lubricate critical engine parts. Four-stroke engines do not require premix because the critical
engine parts are either directly or splash lubricated. Two-stroke engines often have higher emissions than
four-stroke engines of comparable power output due to the oil being burned in the engine as well as the
presence of oil droplets in the exhaust. Consequently, particulate matter exhaust emission standards
specified in § 2403 apply to two-stroke engines but not four-stroke engines.
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depending on the quality of the bearings that are used in the motor (Perzan, 2021; Janjua,
2017). Overall, electric motors provide a service life that is significantly longer than internal
combustion engines.

ZEE generally have a longer limited warranty period than SORE equipment. For instance,
Stihl offers limited warranties of three years for residential use and two years for
professional use on all of their battery equipment. For the gasoline-powered equipment,
residential limited warranties range from one to two years. For professional gasoline-
powered equipment, limited warranties range from three months to two years (Stihl USA,
2021a). While the equipment evaluated for performance characteristics were not chosen
for their limited warranty period, in almost all cases the limited warranty period for the
electric equipment is at least as long as the limited warranty period for the SORE
equipment, as shown in Tables |-6 and I-7, below. These units are representative of the
general trend that ZEE has longer warranty periods than SORE equipment. The trimmers
in Tables I-6 and I-7 show shorter warranties for the zero-emission version than the SORE
version. There are ZEE trimmers with longer warranties, including all Stihl battery-powered
trimmers, which have the three-year warranty noted above, and all trimmers under the
SCAQMD commercial lawn and garden equipment exchange program, which have a two-
year warranty (Shen, Walter, Personal Communication, August 11, 2021). The zero-
emission pressure washer has a shorter motor warranty than the engine warranty on the
SORE pressure washer; both have five-year warranties on the pump.

Exhaust and evaporative emission control system warranty periods are two years for SORE
equipment, regardless of the limited warranty period. ZEE used to generate emission
reduction credits must have a minimum warranty period of two years for the equipment,
including batteries and battery chargers, as applicable.

These limited warranty periods suggest that ZEE generally have a longer lifetime than
SORE equipment. Using ZEE can help users save money on equipment purchases over
time, by extending the period before they purchase replacement equipment.

19



Table I-6. Residential SORE equipment and ZEE limited warranty periods.

Tvoe of Make and \?vg:?:nt SORE Make and fvifrant
yPpe model of SORE ranty equipment model of ranty | ZEE citation
equipment . period S period
equipment citation ZEE
(years) (years)

. . (Home Depot, | DEWALT (Home Depot,
Chainsaw Ryobi RY 3716 | 3 20201) DCCS670T1 3 2020d)
Generator E’::g’?tir% 2 (Home Depot, | Goal Zero 2 (Goal Zero,
Set 4030744 2020b) Yeti 1500 2020b)

Troy-Bilt TB170 (Home Depot, | Ego (Home Depot,
Lawn Mower | o5 ace Saver | 3 2020¢) LM2102sP | > 2020f)
Leaf Blower/ (Home Depot, (Lowes,
Vacuum Echo PB-2520 5 2020¢) Ego LB6500 | 5 20212)
Pressure Ryobi 3 (Home Depot, | Sun Joe 2 (Home Depot,
Washer RY803001 2020m) SPX4600 2020n)
(Lowes, RYOBI (Home Depot,
Pump <2hp | GPT Co. XGT0 | 1 2021b) P750-P163 | ° 2020k)
Riding John Deere 2 (Home Depot, | RYOBI- 3 (Home Depot,
Mower BG21077 2020h) RY48140 2021a)
Briggs &
Snow Blower | Strattor 3 (Home Depor, | Greemworks | 5 (Home Depor,
#1697099 a 9
Trimmer/ .
(Home Depot, | Milwaukee (Home Depot,
Edger/Brush | Toro 51978 ) 4 20200) 2825.215T | 3 2021b)
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Table I-7.

Professional SORE equipment and ZEE limited warranty periods.

Tvoe of Make and fv(:::nt SORE Make and fvifrant
YPpe model of SORE ranty equipment model of ranty | ZEE citation
equipment . period o period
equipment citation ZEE
(years) (years)
(Stihl USA Greenworks (Greenworks
Chainsaw Stihl MS-211 0.25 ! Commercial | 2 !
2020b) 2021b)
GS 181
Generator Honda 3 (Honda, Goal Zero 2 (Goal Zero,
Set EU7000iS 2020a) 3000X 2020a)
Lawn Mower Honda 1 (Honda, Greenworks 2 (Greenworks,
HRC216HXA 2020b) GMS210 2021¢c)
Leaf Blower/ | Husqvarna 0.25 (Leaf Blowers | Stihl BGA 2 (Stihl USA,
Vacuum 967 14 43-01 ) Direct, 2020) | 100 2020a)
Pressure Simpson (Pressure Pressure Pro (Pressure
3 Washers EE3540A- 1 Washers
Washer SW4035HADM Direct, 2020) | AS Direct, 2021)
(Northern
Tool and Milwaukee (Home Depot,
Pump <2hp | Honda GX-25 | 1 Equipment, | 2771-21 > 2020i)
2020)
. (Eco
Riding John Deere 3 (John Deere, | Mean Green 2 Equipment
Mower Z920M 2020) CXR-60 Supply, 2020)
Toro Power Max (Snow Blowers
Snow Blower HD 928 45 days (Toro, 2020) Toro 39902 | 2 Direct, 2020)
Trimmer/
Edger/Brush Husqgvarna 2 (Husqgvarna, Husqyarna 1 (Husqbvarna,
Cutter 525LST 2020a) 536 LilLx 2020b)
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3. Potential Challenges for ZEE Deployment

Manufacturers currently produce zero-emission landscaping equipment for residential
and professional users. However, as described in this section, some professional and
residential users are reluctant to purchase ZEE. These users may not choose to
purchase ZEE as long as new SORE equipment are available in California. In addition,
there is still a need for innovation and growth in the zero-emission generator market.
Allowing certification of only zero-emission generators beginning with MY 2024 could
have unintended negative impacts on backup power supply in some regions of
California. A regulation that accelerates the adoption of ZEE, while allowing more time
and incentives for generators to meet the zero-emission standard, can be the driving
force that helps users embrace the new technology and provides the emission
reductions that are expected under the 2016 State SIP Strategy.

a. Consumer Behavior

Some users continue to purchase SORE equipment rather than ZEE. Studies by The
Farnsworth Group indicate that ZEE accounted for more of the small off-road
equipment purchased by residential users and landscapers in 2020 than in previous
years (Farnsworth Group, 2021a and 2021b). Twenty-seven percent of surveyed
landscapers’ purchases were ZEE in 2020, versus 21 percent in 2018. Three major
factors cited for consumer behavior as it pertains to small off-road equipment
purchase decision are the upfront cost, run-time, and user habit (CSUF SSRC, 2019).

Residential survey respondents who noted that they had no plans to purchase new
equipment in the next year were asked what factors would be important in a
hypothetical purchase in deciding between gasoline-powered equipment and ZEE.
Cost was the top response, followed closely by power and time to refuel/recharge.
These results suggest that many individuals base their purchase decisions on old
information. Currently, residential SORE equipment and ZEE have similar prices. In
many cases, ZEE cost less to purchase. Section VII.A.2 and section C.1.c.i of Appendix
| of this Staff Report discuss residential and professional SORE equipment and ZEE
pricing. ZEE manufacturers market their equipment as having performance that is
comparable to or better than SORE in many cases.

The CSUF survey asked participating landscapers what qualities of the equipment
were most important to them, to better understand landscapers’ rate of adoption of
ZEE. Performance, run-time, and cost were the top three responses. The average
purchase price of professional ZEE, including sufficient batteries for an eight-hour
workday, is higher than for SORE equipment. As an example, the purchase price of a
professional ZEE leaf blower with batteries is nearly twice as much as its gasoline
counterpart. Upfront cost is a significant barrier to transforming the population of lawn
and garden equipment in the professional market to ZEE, even though ZEE often have
a lower total cost of ownership over the equipment lifetime. Decreasing battery prices
may result in lower prices for ZEE (Martin 2019), as discussed further in section I.E.3.b.
ZEE do not have many of the inconveniences of gasoline-powered equipment, listed in
I.LE.2.a.iii. ZEE are quieter and require little maintenance. Charging costs less than
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purchasing gasoline (Mahoney, 2021). Section C.1.d.i of Appendix | includes a
discussion of fuel and electricity costs.

Professional landscapers and residential users with large properties require ZEE with a
longer run time or must purchase additional batteries to complete their typical work
day. Some of these users who currently use SORE equipment may purchase diesel or
large spark-ignition (LSI) engine equipment rather than SORE or ZEE equipment when
replacing their SORE equipment. However, this is not a likely pathway as diesel
equipment are much more expensive than similar SORE equipment and do not offer
the full operational cost-savings that ZEE offer. For example, the price of a Generac
XD5000E, which is a popular diesel generator, is $4,230.42 (Generac, 2021).9 This is
much higher than the price of the residential SORE generator in Table I-4, $861.49
(Home Depot, 2020b). The price of the residential zero-emission generator in Table I-4
is $2,169.95 (Goal Zero, 2020b), which is lower than the price of the Generac XD5000E
diesel generator. The price of this diesel generator is approximately 4 times the price
of the residential SORE generator and 2 times the price of the zero-emission
generator. This cost difference would be significant for most consumers. Reported
production of small off-road diesel engines rated at or below 19 kW for California is
approximately one tenth of the production of SORE for California. Manufacturers of
diesel generators would need to significantly increase production volumes in order to
meet demand from customers who would otherwise purchase SORE generators. CARB
staff plans to propose amendments to the current emission standards for off-road
diesel engines around 2024 and may at the same time include provisions encouraging
or requiring ZEE for some diesel applications.

For riding lawn mowers, both diesel and LS| options are available. LS| versions of
riding mowers are generally less expensive than diesel. A user who wants to purchase
a riding mower but does not want to purchase ZEE is more likely to purchase an LSI
engine riding mower as it is less expensive than a diesel engine riding mower. A
popular LSI riding mower is the Cub Cadet PRO Z 972 L KW, which has a price of
$12,899 (Holmes Rentals and Sales, 2021). This price is higher than the price of the
commercial SORE riding mower in Table I-5 at $10,449. The price increase associated
with purchasing an LS| engine riding mower instead of a SORE riding mower is smaller
than for a zero-emission riding mower, but an LS| engine riding mower does not offer
the operational savings a zero-emission mower would offer. It is important to note that
per EO N-79-20 (California Executive Order No. N-79-20, 2020), CARB staff will be
looking for ways to encourage or require the maximum use of zero-emission
equipment where feasible, including in categories where manufacturers currently sell
LSI versions.

While purchasing additional batteries would add to the upfront cost, a professional
user could still experience operational cost-savings. Many manufacturers sell
equipment bundles that include multiple batteries and a quick charger that can charge

9 Prices in this paragraph include sales tax.

23



one battery about as quickly as a user can discharge another battery. Residential-
grade ZEE generally come with a battery that can last long enough for the average
user to conduct the job at hand (Mahoney, 2021; Yardcare.com, 2020).

b. More Time Needed for Generators to Meet Zero-Emission Standards

Generators are fundamentally different from other SORE equipment because their
purpose is to generate electricity. Because their function is to provide electrical power
rather than perform mechanical work (as lawn and garden equipment does), zero-
emission generators often convert chemical energy to electrical energy without the
use of an electric motor. Most zero-emission generators are essentially battery banks
with a built-in power inverter. Some models have the ability to accept solar panels for
charging. Hydrogen fuel cell powered generators have also been introduced in the
market and could become more prevalent. For purposes of this report, we refer to all
of these SORE alternatives as zero-emission generators.

In 2020, generators accounted for 14 percent of the total population of SORE
equipment, and 19 percent of all NO, and ROG emissions from SORE (CARB, 2020).
Residential users own 89 percent of SORE generators and, on average, use them more
than other small off-road equipment. Per the CSUF survey, only 14 percent of
residential generators and 11 percent of generators owned by nonlandscaping
businesses are currently zero-emission generators, much lower than most other
equipment types. Zero-emission generators will need to make up a much larger
market share to achieve substantial emission reductions from generators. Regulatory
amendments are needed to accelerate the deployment of zero-emission generators in
California.

Zero-emission generators can serve the needs of users. The Goal Zero Yeti 6000X is
one of the highest energy storage portable zero-emission generators that is widely
available. It has 6,071 watt-hours of energy storage and can run a full-size refrigerator
for 110 hours or a circular saw for 4 hours. Solar panels can extend the runtime (Goal
Zero, 2021d). Some zero-emission generators have greater energy storage and more
capability. The Onyx Rhino has 7,600 watt-hours of energy storage and is equipped
with both 120-volt and 240-volt 50 or 60 hertz output. The Onyx Rhino can run a
refrigerator for 3 to 4 days, charge a laptop over 100 times, or charge a 20-volt power
drill over 150 times (Onyx, 2021).

For users who require even more power, such as contractors, mobile power units are
available. For example, FreeWire Tech currently produces a mobile power unit, the
Mobi Gen, which has 80 kilowatt-hours of energy storage, and a rated power output
of 11 kilowatts (FreeWire Tech, 2021). Zero-emission generators of this size have
higher prices than SORE generators; however, incentive programs such as the Clean
Off-Road Equipment Voucher Incentive Project (CORE) exist to help mitigate the cost
of these generators (California CORE, 2021). Additionally, new vehicle models such as
the Ford F-150 Lightning pickup truck allow use of electricity from batteries powering
the vehicles to power other equipment. The F-150 Lightning has 90 kilowatt-hours of
energy storage, which can be used to provide backup power to a home. The F-150

24



Lightning can also use the 90 kilowatt-hour battery to deliver up to 9,600 watts of 120-
volt power to items plugged directly into the vehicle (Ford Motor Company, Inc.,

2021).

Even so, for the reasons described in the following paragraphs, CARB staff
recommends allowing more time and implementing a new credit program for
manufacturers to innovate and develop new products to meet the future demands of
the zero-emission generator market. Manufacturers will need to overcome several
challenges to increase the share of zero-emission generators:

Limited options are currently available, and they often have higher costs. As
shown in Appendix |, a popular SORE generator, the Briggs & Stratton
#030744, costs $861.49 (Home Depot, 2020b). A zero-emission generator with
similar characteristics, the Goal Zero Yeti 1500, costs $2,169.95 (Goal Zero,
2020b). The $1,308.46 price differential would be difficult to recoup without
significantly increased use. Section C.1.d of Appendix | includes a discussion of
operating costs. As the cost of batteries decreases (Martin 2019), the price of
zero-emission generators is also expected to decrease.

Current supply might not meet future demand. While the existing zero-emission
generators can adequately power essential equipment and appliances in
residences, manufacturers of zero-emission generators may not be positioned
to meet the market demand that could occur if fewer SORE generators were
produced starting in MY 2024. Population modelling with SORE2020 suggests
demand for generators is relatively constant, year over year. Requiring MY 2024
generators to meet emission standards of zero could increase the price of
available zero-emission generators due to demand. A price increase would
create added costs for residential users and professional users. Users may not
recoup such additional costs through operating cost-savings with zero-emission
generators. The break-even point for typical residents purchasing a zero-
emission generator instead of SORE at current prices is 9 years. If the price of
ZEE increased, that time would be extended. Sections C.2, C.3, and C.5 of
Appendix | include break-even time calculations. Thus, the market is not ready
to replace the remaining SORE generators with zero-emission generators by MY
2024.

Options for non-grid recharging of zero-emission generators are costly.
Batteries can be charged on the grid, if available, or through local solar or wind
power generation. Solar panels and wind turbines can have significant cost. For
instance, Goal Zero sells kits with zero-emission generators and solar panels. A
low cost version with a Goal Zero Yeti 200X power station and Nomad 20 solar
panel costs $449.90 (Goal Zero, 2021b). The Goal Zero Yeti 200X power station
by itself costs $299.95 (Goal Zero, 2021c¢). The Goal Zero Yeti with the greatest
energy storage is the 6000X, which costs $4,999.95 (Goal Zero, 2021d), while
with 4 Nomad 200 Solar Kits, the cost is $7,350.52 (Goal Zero, 2021b). Fuel cell
generators can be run for as long as there is fuel present, much like a SORE
generator. The cost of a fuel cell can be significant (Patel, 2020). Fuel cells
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usually use a methanol reformer to produce hydrogen. Methanol in California is
currently available for $3.85 per gallon (Altergy 2021, personal communication,
May 24, 2021), which is similar to the price of gasoline.

e The zero-emission generator market needs more time to mature to better meet
demand for backup power supply. In some regions of the state, public safety
power shutoffs (PSPS) occur during periods of increased fire danger. Electric
utilities have announced efforts to reduce the number and duration of PSPS
events. These include increasing utilization of microgrids and transmission line
switches that allow for very localized PSPS (Pacific Gas & Electric, 2020). PSPS
were less frequent and had a shorter duration on average in 2020 than in 2019
(California Public Utilities Commission, 2021). CARB staff recommends
implementing emission standards of zero for generators starting in MY 2028 to
allow more time for the zero-emission generator market to mature.

The price of zero-emission generators per unit of energy storage will likely decrease
over time as the cost of batteries decreases. Projections suggest that, from 2010 to
2030, the price of a battery holding a kilowatt-hour of energy will decrease by over 90
percent (Martin, 2019). CARB staff expects that generator manufacturers will be able
to offer zero-emission generators at a price and capability comparable to existing
SORE generators by MY 2028 and that, as the market matures, the overall supply of
zero-emission generators will increase to meet the demand. CARB staff further
anticipates the proposed zero-emission generator credit program will accelerate the
production of more, and a greater variety of, zero-emission generators.

F. Additional Strategies for Transition to ZEE

CARB staff has pursued several strategies to support increased adoption of
zero-emission technologies. One such strategy was running ZEE demonstration
projects with state agencies. The landscaping crew at Capital Park in Sacramento,
several California Department of Transportation crews, and the landscapers at
California State University Sacramento were all able to try a full suite of ZEE from
several manufacturers. These demonstration projects were run in conjunction with the
manufacturers, who supplied the equipment.

Staff also met with personnel from the Department of General Services through these
demonstration projects, and provided input for updates to the State Administrative
Manual (SAM). Recommended updates, which included adding sweeping and raking
as preferred methods for exterior maintenance, were incorporated in the SAM in
November 2018 (California Department of General Services, 2019). The updated SAM
requires that when sweeping or raking are not possible, electric equipment must be
used, unless there are compelling circumstances and prior authorization is received
from facilities management. The updates to the SAM also require state departments
to replace their gasoline-powered equipment with zero-emission strategies, as
replacement schedules allow.
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Since 2018, staff has conducted a program to reach more landscaping groups with
information about ZEE and an opportunity to try the equipment. The ZEE Roadshow is
a demonstration project, with a trailer filled with eight brands of ZEE for professional
users. The Roadshow has visited California landscaping crews at locations including
cities, school districts, colleges, theme parks, and zoos. Further discussion of the ZEE
Roadshow can be found in section X.E.

Several programs provide incentive funding for professional and residential users to
purchase ZEE. These programs are an important complement to the Proposed
Amendments. CARB manages a broad portfolio of incentives that collectively help
achieve CARB'’s emission reduction goals, including greenhouse gas (GHG) reductions.
This includes programs such as the Carl Moyer Memorial Air Quality Standards
Attainment Program (Carl Moyer Program) and Community Air Protection Incentives
Program. The Carl Moyer Program provides funding opportunities for early and extra
cost-effective emission reductions that can be credited towards California’s SIP
commitments. The Community Air Protection Incentives Program includes funding to
support early actions for emission reductions in communities most heavily impacted by
disproportionate levels of air pollution. Finally, the Clean Mobility in Schools Pilot
Project included funding for zero-emission landscaping equipment. Three schools
were awarded funding and one has already purchased ZEE.

Several air districts, including SCAQMD and SJVAPCD, have existing incentive
programs for landscapers. These programs allow landscapers to trade in their existing
SORE equipment and obtain a substantial rebate or discount on their purchase of ZEE
(SCAQMD, 2021; SIVAPCD, 2021). Both the Bay Area Air Quality Management
District (BAAQMD) and Santa Barbara Air Pollution Control District (SBAPCD) also
offered incentive programs for professional landscapers. Due to the overwhelming
response to these programs, they have exhausted all available funding (BAAQMD,
2021; SBAPCD, 2021). Many districts offer incentives on residential equipment, as
well.

Il. The Problem That the Proposal Is Intended to Address

This chapter provides a description of the problems that the Proposed Amendments
to the SORE exhaust and evaporative regulations and the certification and test
procedures are intended to address, along with descriptions of how the Proposed
Amendments would resolve the problems. Chapter XlI provides detailed descriptions
of the underlying purpose and rationale for each specific proposed amendment.
Appendices A through G provide the full text of the Proposed Amendments.

A. Current SORE Regulations Will Not Achieve Required Emission Reductions
1. The Problem

HSC, section 39602.5(a) provides that CARB must “adopt rules and regulations
pursuant to Section 43013 that ... will achieve ambient air quality standards required
by the federal Clean Air Act ... in all areas of the state by the applicable attainment
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date, and to maintain these standards thereafter. Under HSC, section 39602.5(b), the
state board shall adopt these measures if they are necessary, technologically feasible,
and cost effective, consistent with Section 43013.” CARB must also “adopt and
enforce rules and regulations that anticipate the development of new technologies or
the improvement of existing technologies” if they are necessary to carry out CARB's
duties to achieve attainment of ambient air quality standards (HSC, section
39602.5(b)). Substantial progress has been achieved in reducing NO, and ROG
emissions through implementation of CARB’s existing mobile source programs. Many
of these programs will continue to provide further reductions through 2031,
contributing significantly to meeting ambient air quality standards. However, about 12
million Californians live in communities that still exceed the ozone and PM2s NAAQS
(CARB, 2017b). Substantial challenges still remain in meeting the ozone standards in
two areas of the state with the worst air quality issues: the South Coast Air Basin and
the San Joaquin Valley Air Basin. Mobile sources and the fossil fuels that power them
are the largest contributors to the formation of ozone and PM.;s in California.
Consequently, as described in Chapter |, the 2016 State SIP Strategy calls for
substantial emission reductions from both stationary and mobile sources, including
SORE. SORE use leads to significant emissions of NO, and ROG, which contribute to
PM and ozone formation. The 2016 State SIP Strategy contains expected statewide
emission reductions for SORE of 4 tpd of NO, and 36 tpd of ROG, by 2031 (CARB,
2017b). Expected emission reductions in 2031 from SORE included in the 2016 State
SIP Strategy in 1) the South Coast Air Basin are 2 tpd of NO, and 16 tpd of ROG, and
2) in the San Joaquin Valley Air Basin are 0.3 tpd of NO4 (CARB, 2017b).

Current SORE regulations will not achieve emission reductions expected under the
2016 State SIP Strategy. As described in greater detail in section Ill.A.3, the
population of ZEE in California has increased in recent years. The increase is expected
to continue as the total population of small off-road equipment grows (CARB, 2020).
Even so, the growth in ZEE sales will be insufficient to maximize the reduction of SORE
emissions without further regulation (CARB, 2020). SORE emissions are still expected
to increase in the 2020s as California’s population continues to grow. As shown in
Figure II-1, during summer months (May through October), NO, emissions from SORE
in 2021 are 17.0 tpd and are expected to increase 8 percent to 18.3 tpd by 2031. ROG
emissions from SORE are currently 123.8 tpd and expected to increase 3 percent to
127.5 tpd by 2031 (CARB, 2020).

The 2016 State SIP Strategy calls for more stringent emission standards and additional
regulatory incentives to accelerate the replacement of SORE equipment with ZEE.
More stringent emission standards and additional regulatory incentives would prevent
SORE emissions from increasing and facilitate emission reductions necessary to attain
ambient air quality standards by 2031 and protect the health and welfare of all
California residents. Replacing new sales of SORE equipment with ZEE as quickly as
feasible will help California maximize emission reductions from SORE and meet its
obligations under the 2016 State SIP Strategy. Amendments to the SORE regulations
are necessary to accomplish these actions.
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Figure Il-1. Summer average NO, and ROG emissions under current SORE

regulations.
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Exhaust emission standards for SORE have not been changed since MYs 2000 to 2008,
depending on displacement category, despite improvements in available emission
control technologies. In fact, among engines currently available for sale in California,
there are many engine families certified below the current emission standards.
Manufacturers use emission credits generated by engine families that are certified to
levels below the current emission standards to offset emissions from engine families
that are certified to levels above the current standard.

There are two paths to engine certification for evaporative emissions — design and
performance. Manufacturers using design certification must use evaporative emission
control system components that meet design standards. For performance certification,
manufacturers must test emissions from the complete engine (with the evaporative
emission control system installed). The majority of evaporative families use design
certification. Among those evaporative families using performance certification, there
are several families that emit well below the current emission standards,
demonstrating that overall lower emissions from SORE are possible.

Engines with displacement less than or equal to 80 cc comply by using fuel tanks and
fuel lines that meet the emission standards listed in Table I-3. There is no performance
certification option for engines in this displacement category.

Beginning with MY 2024, the Proposed Amendments would require all SORE to use
performance certification. Evaporative emission standards for MYs 2024 through 2027
for engines used in generators would be more stringent than the current emission
standards. Evaporative emission standards for all other SORE would be zero. To
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ensure that engines meet the more stringent emission standards for generators,
performance certification is necessary. Manufacturers would also need to use
performance certification to determine the amount of credits needed to offset
emissions from SORE categories for which emission standards are zero.

Current compliance testing of evaporative families shows low rates of compliance
(CARB, 2021f; Figure 1I-2). Of the 31 evaporative families tested by CARB between
MYs 2015 and 2019, 12 have failed. This 39 percent failure rate results in much higher
ROG emissions from SORE and highlights the need to adopt zero-emission
technologies as quickly as possible. Prior to MY 2020, only SORE that were
performance certified were required to meet a diurnal emission standard in
compliance testing. This means engines are failing compliance testing, despite being
tested under the same conditions as certification testing conditions. This suggests
poor quality control of SORE evaporative emission control systems.

Generators, in particular, present a unique issue for emission reductions. The function
of generators is to produce electricity when grid electricity is not available, so
zero-emission generators must have significant battery capacity or be able to generate
electricity through use of solar energy, wind energy, or a fuel cell. However, reducing
emissions from generators is vital. In 2020, generators were the single largest NO, and
ROG emission source in the SORE category, accounting for 19.3 percent of the total
of NO, and ROG emissions from SORE (CARB, 2020). Therefore, the Proposed
Amendments include more stringent emission standards for engines used exclusively
in generators for MY 2024 and subsequent model years.

Figure 1l-2. Evaporative emission compliance testing results for MYs 2015-2019.
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2. The Solution

To address these problems, CARB staff proposes regulatory amendments to the SORE
regulations to accelerate the replacement of new SORE equipment produced for sale
or lease for use or operation in California with ZEE. This will be achieved by setting
SORE emission standards to zero and by refining and expanding existing emission
reduction credit programs for manufacturers to further incentivize ZEE. Currently,
most ZEE are either battery-powered or corded electric equipment. In addition to
charging battery storage using grid electricity, fuel cells and solar or wind generation
could be used directly to power electric equipment in place of engines subject to the
SORE regulations.

a. Amend Emission Standards

The Proposed Amendments, as summarized in Chapter Xl and provided in full in
Appendices A through G, include two phases for tightening the emission standards.
First, for MY 2024, HC and NO, exhaust emission standards and evaporative emission
standards would be zero for engines used in all new small off-road equipment types
produced for sale or lease for use or operation in California except generators.
Generator emission standards would be more stringent starting with MY 2024 but
would not be zero. The second phase would be implemented starting with MY 2028,
when the emission standards for new generators manufactured for sale or lease for
use or operation in California would be zero.

These emission standards would maximize emission reductions as statutorily required
of CARB, help meet the expected emission reductions for SORE in the 2016 State SIP
Strategy and move close to the zero-emission goals for small off-road equipment
identified in EO N-79-20, noted in section I.A of this Staff Report. Under the Proposed
Amendments scenario, it is projected that 93.4 percent of equipment subject to the
SORE regulations would be ZEE in 2035 (CARB, 2020). Figure 1I-3 shows the modeled
growth of ZEE as a portion of small-off road equipment under the Proposed
Amendments. Some equipment is kept in use for many years, so replacing the
remaining SORE equipment with ZEE would take many additional years. However,
99.4 percent of equipment subject to the SORE regulations would be ZEE in 2043.
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Figure II-3. Modeled small off-road equipment population statewide under the
Proposed Amendments.
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The Proposed Amendments would allow more time for generators to meet emission
standards of zero for two reasons. First, one of the main uses of generators is backup
power supply. In some regions of the state, PSPS have become an occasional
occurrence due to periods of high wind and low humidity events that increase fire risk.
It is not the intention of the Proposed Amendments to reduce options for backup
power supply in these regions, so a delay in the time for generators to be zero-
emissions is reasonable. Second, as described in section |.E.3.b, there is still a need for
innovation and growth in the zero-emission generator market. The fraction of all
generators currently in use that are ZEE is significantly lower than that for lawn and
garden equipment, such as lawnmowers and trimmers.

Professional users’ generator use varies by industry. Professional-grade zero-emission
generator options are currently limited and have a higher cost than their SORE
counterparts. Reducing emission standards for generators in two phases and over a
longer period than other small off-road equipment allows time for the market to
mature. A proposed zero-emission generator credit program provides manufacturer
flexibility and send a market signal to encourage growth in the zero-emission
generator market.

Under the Proposed Amendments, beginning with MY 2024, the evaporative emission
standards would cover a greater portion of an engine’s evaporative emissions. This
would ensure MY 2024 and subsequent model year SORE equipment meet the
emission standards. Currently, the evaporative emission standards only apply to the
24-hour diurnal cycle, while under the Proposed Amendments they would also apply
to the hot soak period. The evaporative test procedure includes running the
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equipment for fifteen minutes to heat the engine. Then the hot soak period occurs,
which involves holding the equipment at 95 degrees for one hour. Section XI.B has
further description of the hot soak and diurnal test procedures. Manufacturers are
already required to measure and report hot soak emissions when performing a test on
a complete engine, so including hot soak emissions would not add any testing burden
or cost. This change would reduce the potential for higher-than-expected hot soak
emissions to reduce the actual benefits of the emission standards.

The Proposed Amendments include hot soak plus diurnal evaporative emission
standards for generators for MYs 2024 through 2027 that are approximately

50 percent lower than current diurnal emission standards. Currently-certified engines
meet these emission standards, including the hot soak. Several evaporative families in
each displacement category meet the proposed emission standards. These
evaporative families include engines used in all major SORE equipment types,
including generators. The hot soak plus diurnal emission standards would apply to
engines with displacement less than or equal to 80 cc, which are currently required to
meet permeation emission standards for fuel tanks and fuel lines. The 0.50-gram
organic material hydrocarbon equivalent per test emission standard for engines with
displacement less than or equal to 80 cc was developed through testing conducted at
CARB, which found engines for sale in California already exhibit hot soak plus diurnal
emissions below this level. The permeation emission standards currently in effect for
engines with displacement less than or equal to 80 cc would be phased out for
engines produced after MY 2023.

Tables 1l-1 and 1I-2 compare current and proposed emission standards for exhaust and
evaporative emissions, respectively. The proposed HC + NO, exhaust emission
standard for the displacement category of greater than 825 cc would align with the
current exhaust emission standard for LS| engines, i.e., those rated greater than

19 kilowatts (kW) and with displacement greater than 825 cc.

New emission standards for all SORE would apply beginning with MY 2024 to provide
sufficient lead time to permit the development of the necessary technology giving
appropriate consideration to the cost of compliance within that time period, as
required by Section 209 of the Clean Air Act. This will provide at least two years for
manufacturers to meet the emission standards, including preparing the necessary
compliance demonstrations, which is sufficient where the technology to meet the
emission standards is used in equipment already in the market. Implementing the
proposed emission standards beginning in two years will result in significant emission
reductions and progress in meeting the goals of EO N-79-20 without imposing an
undue burden or cost for compliance. Considering the requirements, implementing
the emission standards earlier than two years does not provide adequate
consideration for the costs.

The Proposed Amendments would also sunset the voluntary “Blue Sky Standards” for
engines produced after MY 2023. The Blue Sky Standards were developed to allow
manufacturers to receive recognition for certifying to lower emission standards, but
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CARB has no record of any manufacturer taking advantage of the program for
engines.

Table 1I-1. Current SORE exhaust emission standards and exhaust emission

standards under the Proposed Amendments.

Displacement

Current HC + NO,
emission standard

Proposed HC +
NO, emission
standard" for

Proposed HC +
NO, emission

standard for all
other SORE for

category (g-kWh) MY 2024-2027 MYs 2024 and
generators later
(9-kWh) p
(g-kWh")
<50 cc 50 6.0 0.00
50-80 cc, inclusive 72 6.0 0.00
>80 cc-<225cc 10.0 6.0 0.00
225-825 cc, inclusive | 8.0 3.0 0.00
> 825 cc 8.0 0.80 0.00

h For MY 2028 and subsequent model years, the proposed exhaust emission standards for generators

are 0.00 g-kWh' for HC + NO..
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Table 1l-2. Current SORE evaporative emission standards and evaporative
emission standards under the Proposed Amendments.

Proposed hot soak Proporsed hot soak
. plus diurnal
. plus diurnal .
. Current diurnal .. .| emission standard
Displacement .. emission standard’
cateqor emission standard for MY 2024-2027 for all other SORE
gory (g-day™) for MYs 2024 and
generators later
. -1
(gtest?) (g-test™)
<80cc N/A 0.50 0.00
>80cc-<225cc | 0.95+ 0.056 x
except walk- nominal capacity 0.60 0.00
behind mowers (liters)
>80cc-<225cc
walk-behind 1.0 N/A 0.00
mowers
1.20 + 0.056 x
> 225 cc nominal capacity 0.70 0.00
(liters)

The Proposed Amendments include revisions to the following SORE regulations:

e Amend CCR §§ 2400, 2401, 2402, 2403, 2404, 2405, 2405.1, 2405.2, 2405.3,
2406, 2407, 2408, 2408.1, 2750, 2752, 2753, 2754, 2754.1, 2754.2, 2755, 2756,
2757, 2758, 2759, 2761, 2762, 2763, 2764, 2765, 2766, 2767, 2767.1, and 2771

e Adopt CCR §§ 2408.2 and 2754.3
e Repeal CCR § 2768

To provide consistency with the proposed changes to the emission standards, the
Proposed Amendments also include revisions to the test and certification procedures
included in the above SORE regulations and in the following procedures incorporated

by reference:

e CARB. Small Off-Road Engine Evaporative Emissions Test Procedure, TP-901,
Test Procedure for Determining Permeation Emissions from Small Off-Road
Engine Fuel Tanks. Adopted July 26, 2004, and last amended [insert
amendment date].

" For MY 2028 and subsequent model years, the proposed evaporative emission standards for
generators are 0.00 g-test™.
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CARB. Small Off-Road Engine Evaporative Emissions Test Procedure, TP-902,
Test Procedure for Determining Evaporative Emissions from Small Off-Road
Engines. Adopted July 26, 2004, and last amended [insert amendment date].

CARB. Small Off-Road Engine Evaporative Emission Control System
Certification Procedure, CP-902, Certification Procedure for Evaporative
Emission Control Systems on Small Off-Road Engines. Adopted July 26, 2004,
and last amended [insert amendment date].

CARB. California Exhaust Emission Standards and Test Procedures for New
2013 and Later Small Off-Road Engines; Engine-Testing Procedures (Part 1054).
Adopted October 25, 2012, and last amended [insert amendment date].

CARB. California Exhaust Emission Standards and Test Procedures for New
2013 and Later Small Off-Road Engines; Engine-Testing Procedures (Part 1065).
Adopted October 25, 2012, and last amended [insert amendment date].

The above listed documents are also being amended by this proposed regulatory
action; thus, the “insert amendment date” would be the date that the regulation is
adopted by CARB.

The Proposed Amendments incorporate by reference the following documents that
were not previously incorporated:

American National Standards Institute, Inc. (ANSI)/National Electrical
Manufacturers Association (NEMA). 2016. ANSI/NEMA WD 6-2016, Wiring
Devices - Dimensional Specifications. ANSI Approval Date: February 11, 2016.

American National Standards Institute, Inc. (ANSI)/Outdoor Power Equipment
Institute (OPEI). 2018. ANSI/OPEI B71.10-2018, American National Standard for
Off-Road Ground-Supported Outdoor Power Equipment — Gasoline Fuel
Systems — Performance Specifications and Test Procedures. Published
November 12, 2018.

ASTM International (ASTM). 1995. D2986 — 95a, Standard Practice for
Evaluation of Air Assay Media by the Monodisperse DOP (Dioctyl Phthalate)
Smoke Test. Approved September 10, 1995.

ASTM. 2009. F1471 - 09, Standard Test Method for Air Cleaning Performance
of a High-Efficiency Particulate Air Filter System. Approved March 1, 2009.

ASTM. 2010. D5291 - 10, Standard Test Methods for Instrumental
Determination of Carbon, Hydrogen, and Nitrogen in Petroleum Products and
Lubricants. Approved May 1, 2010.

ASTM. 2010. D5599 - 00 (Reapproved 2010), Standard Test Method for
Determination of Oxygenates in Gasoline by Gas Chromatography and Oxygen
Selective Flame lonization Detection. Approved October 1, 2010.
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ASTM. 2012. D4629 — 12, Standard Test Method for Trace Nitrogen in Liquid
Petroleum Hydrocarbons by Syringe/Inlet Oxidative Combustion and
Chemiluminescence Detection. Approved April 15, 2012.

ASTM. 2012. D5762 — 12, Standard Test Method for Nitrogen in Petroleum and
Petroleum Products by Boat-Inlet Chemiluminescence. Approved
April 15, 2012.

ASTM. 2012. D6348 — 12¢', Standard Test Method for Determination of
Gaseous Compounds by Extractive Direct Interface Fourier Transform Infrared
(FTIR) Spectroscopy. Approved February 1, 2012.

ASTM. 2020. D1835 - 20, Standard Specification for Liquefied Petroleum (LP)
Gases. Approved May 1, 2020.

CARB. 2012. California 2001 through 2014 Model Criteria Pollutant Exhaust
Emission Standards and Test Procedures and 2009 through 2016 Model
Greenhouse Gas Exhaust Emission Standards and Test Procedures for
Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles. Amended
December 6, 2012.

CARB. 2018. California 2015 and Subsequent Model Criteria Pollutant Exhaust
Emission Standards and Test Procedures and 2017 and Subsequent Model
Greenhouse Gas Exhaust Emission Standards and Test Procedures for
Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles. Amended
December 19, 2018.

GPA Midstream Association. 2017. GPA Midstream Standard 2140-17,
Liquefied Petroleum Gas Specifications and Test Methods. Adopted as
Recommended Procedures 1931, revised 2017.

International Organization for Standardization (ISO). 2020. ISO 8178-1,
Reciprocating internal combustion engines — Exhaust emission measurement
— Part 1: Test-bed measurement systems of gaseous and particulate emissions.
Reference number ISO 8178-1:2020(E). Published June 2020.

National Institute of Standards and Technology (NIST). 1994. NIST Technical
Note 1297, 1994 Edition, Guidelines for Evaluating and Expressing the
Uncertainty of NIST Measurement Results. September 1994.

NIST. 2008. Special Publication 811, 2008 Edition, Guide for the Use of the
International System of Units (SI). March 2008.

SAE International (SAE). 2011. Surface Vehicle Recommended Practice SAE
J1151, Methane Measurement Using Gas Chromatography. Stabilized
September 2011.

SAE. 2011. Surface Vehicle Standard SAE J1527, Marine Fuel Hoses. Revised
February 2011.

SAE. 2012. Surface Vehicle Standard SAE J30, Fuel and Oil Hoses. Revised
February 2012.
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e SAE. 2013. Surface Vehicle Recommended Practice SAE J2996, Small Diameter
Fuel Line Permeation Test Procedure. Issued January 2013.

e SAE. 2017. Surface Vehicle Recommended Practice SAE J1930,
Electrical/Electronic Systems Diagnostic Terms, Definitions, Abbreviations, and
Acronyms - Equivalent to ISO/TR 15031-2. Revised March 2017.

e SAE. 2019. Surface Vehicle Recommended Practice SAE J1737, Test Procedure
to Determine the Hydrocarbon Losses from Fuel Tubes, Hoses, Fittings, and
Fuel Line Assemblies by Recirculation. Revised August 2019.

o Title 40, Code of Federal Regulations, Part 63, Appendix A—Test Methods,
Test Method 320—Measurement of Vapor Phase Organic and Inorganic
Emissions by Extractive Fourier Transform Infrared (FTIR) Spectroscopy. Last
amended December 2, 2020.

o Title 40, Code of Federal Regulations, Part 86—Control of Emissions from New
and