
 
 
September 16, 2026  
 
Clerk of the Board 
California Air Resources Board 
P.O. Box 2815  
Sacramento, CA 95812  
Submitted electronically 
 
RE: POET COMMENTS ON CARB’S DRAFT 2026 ROADMAP TO REDUCE AIR TOXICS  
 
Dear CARB:  
 
POET appreciates the opportunity to provide comments on the California Air Resources Board’s 
(“CARB”) Draft 2026 Roadmap to Reduce Air Toxics (the “Roadmap”). POET supports CARB’s work to 
strengthen the Air Toxics Program and agrees that reducing exposure to toxic air pollution is essential to 
protecting public health, particularly in communities that experience disproportionate cumulative air 
pollution burdens. The Roadmap recognizes that fuel combustion and evaporative mobile source 
emissions remain sources of air toxics and that regulatory action is needed to reduce these emissions.1 
Higher bioethanol blends like E15 and E20 through E30 can help reduce mobile source air toxics 
emissions. 
 
As CARB develops and implements the Roadmap, POET encourages the agency to consider the full 
range of practical tools that can swiftly deliver air toxics emissions reductions from the legacy vehicle 
fleet. Simultaneously with CARB’s draft Roadmap, CARB is conducting a rulemaking to amend to the 
California Reformulated Gasoline Regulations to support the sale of E15 in California.2 Blending higher 
levels of bioethanol into gasoline would reduce reliance on petroleum-based gasoline and provide 
immediate air quality benefits while California transitions to zero-emission transportation. CARB should 
recognize E15 as a readily available tool to advance the Roadmap’s objectives. CARB should also 
consider higher bioethanol blends like E25 and E30 which would further reduce air toxics emissions by 
replacing gasoline higher volumes with bioethanol. 
 

I.​ About POET 
 

POET is committed to reducing emissions from the transportation sector and developing cleaner, 
affordable alternatives to fossil fuels in California and across the United States. POET is the world’s 
largest biofuels producer, operating 35 bioprocessing facilities across nine states and employing more 
than 2,600 team members. POET continuously innovates to reduce bioethanol’s lifecycle emissions. 
Bioethanol  reduces carbon emissions by an average of 46% compared to gasoline and delivers key air 
toxics emissions reductions, including reductions of ozone precursors and particulate matter (“PM”). With 

2 CARB, Proposed Amendments to the California Reformulated Gasoline Regulations, 
https://ww2.arb.ca.gov/es/node/50086.  

1 CARB, Draft 2026 Roadmap to Reduce Air Toxics, pp. 5, 12. 
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a suite of bioproducts including POET Distillers Grains, POET Distillers Corn Oil, POET Purified 
Alcohol, and POET Biogenic CO2, POET nurtures an unceasing commitment to innovation and advances 
powerful, practical solutions to some of the world’s most pressing challenges. Today, POET holds more 
than 140 patents worldwide and continues to break new ground in biotechnology, yielding ever cleaner 
and more efficient renewable energy. Through technological innovation, investments in carbon capture 
and renewable energy, and programs to reduce on-farm emissions, POET is steadily lowering the lifecycle 
emissions of its bioethanol. With appropriate regulatory signals, POET is well-positioned to produce 
net-zero carbon bioethanol to decarbonize on-road transportation and serve as a feedstock for the 
next-generation fuels that will power maritime transportation and the aviation industry. 

POET is a leading advocate for nationwide access to E15, a renewable fuel blend containing 15% 
bioethanol. E15 reduces harmful emissions from the transportation sector and can help California achieve 
its air quality goals.   

 
II.​ E15 Can Help Reduce Harmful Emissions from California’s Existing Vehicle Fleet 

 
POET supports CARB’s objective to reduce Californians’ exposure to air toxics. As CARB explains, 
communities across California face cumulative exposure to air toxics, with disadvantaged communities 
facing more exposure than other communities. The Roadmap recognizes that new emissions data, 
improved monitoring, and emerging health science provide more advanced understandings of the risks of 
exposure to air toxics.3 These findings underscore that the Air Toxics Program must be proactive and 
science-based to achieve meaningful emissions reductions. CARB should consider incentivizing readily 
available measures like E15 that can reduce petroleum use and emissions from vehicles operating on 
California roads today. 

 
There are significant human health benefits associated with bioethanol usage compared to gasoline. 
Higher bioethanol blends can help CARB achieve its air toxics emissions reduction goals. Bioethanol 
displaces petroleum in gasoline, reducing gasoline’s greenhouse gas and air toxics emissions. Bioethanol 
has a high octane rating and replaces benzene, toluene, ethylbenzene, and xylene (“BTEX”). Bioethanol 
and BTEX are interchangeable fuel additives that both boost octane, but BTEX has been linked to 
negative developmental, reproductive, immunological, and cardio-pulmonary effects. Additionally, E15 
reduces volatile organic compounds (“VOCs”) and has lower volatility than E10. According to research 
CARB completed in partnership with the University of California, Riverside, E15 reduced carbon 
monoxide (“CO”), particulates (“PM2.5”), volatile organic compounds (“VOCs”), and greenhouse gases 
with no increase in nitrogen oxides (“NOx”).4 CARB has recognized and touted these emissions benefits 
as part of the rulemaking amending the California Reformulated Gasoline regulations.5  
 

5 See CARB, Proposed Amendments to the California Reformulated Gasoline Regulations, Staff Report: Initial 
Statement of Reasons at pg. ES-1 (July 28, 2026), 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2026/e15%20Reform%20Fuel/E15_ISOR%20w%20updated
%20TOC.pdf (hereinafter “ISOR”). 

4 University of California, Riverside, Comparison of Exhaust Emissions Between E10 CaRFG and Splash Blended 
E15 (June 2022). 

3 Roadmap at pp. 11, 17-20 
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Importantly, higher bioethanol blends reduce emissions under cold-start conditions. A large-scale analysis 
of light-duty vehicle emissions found that PM emissions decreased with increasing bioethanol content 
under cold-start conditions. The analysis also found significantly lower CO and total hydrocarbon 
emissions for higher bioethanol fuels in port-fuel-injected engines under cold-start conditions. Total 
hydrocarbons include VOCs, meaning that both primary ozone precursors decreased with higher 
bioethanol blends.6 Finally, the study found that there is no statistical difference in NOx vehicle exhaust 
for higher ethanol blends.7 
 
As CARB states in the California Reformulated Gasoline rulemaking, E15 emissions reductions benefit 
California “communities have been disproportionately affected by poor air quality due to transportation 
impacts.”8 Emissions reductions under cold-start conditions are especially relevant in communities 
located in highly trafficked areas. Cold-start emissions can represent a substantial portion of direct 
tailpipe particulate emissions, and vehicle trips in dense urban communities are often short in duration 
and distance. As a result, a large proportion of trips in these communities occur under cold-start 
conditions when PM emissions are highest. Therefore, higher bioethanol blends may be particularly 
beneficial for communities with high traffic density and congestion that experience disproportionately 
high exposure to motor vehicle pollution.9 E15 is a readily deployable tool that reduces petroleum use and 
harmful emissions from internal combustion vehicles, and can be further incentivized under CARB’s 
regulations to meet the Air Toxics Program’s goals. 
 
The Air Toxics Program should include available technologies like E15 that can reduce emissions in the 
short-term. CARB should use the best available emissions data to assess how fuel composition affects 
toxic and co-pollutant emissions and should account for real-world driving conditions, including cold 
starts and high-traffic environments. Where evidence demonstrates emissions and public health benefits 
like replacing petroleum gasoline higher bioethanol blends, CARB should incorporate those fuels into its 
air toxics planning and related mobile-source policies. Doing so would complement, rather than compete 
with, California’s transition to zero-emission transportation by securing near-term reductions from the 
existing vehicle fleet. 
 

III.​ Conclusion 
 
POET appreciates CARB’s efforts to establish a stronger and more proactive framework to identify and 
reduce air toxics. E15 offers a practical emissions reduction strategy: by displacing petroleum in gasoline 
and reducing harmful air toxic emissions, higher bioethanol blends can provide near-term air quality 
benefits. POET encourages CARB to consider incentivizing E15 and higher bioethanol blends as CARB 
implements the Roadmap.  
 

9  Supra note 5.  
8 ISOR at p. 29. 
7 Id. 

6 Kazemiparkouhi, Fatemeh et al., Comprehensive US database and model for ethanol blend effects on regulated 
tailpipe emissions, Science of the Total Environment (March 2022); see also Attachment A. 

3 
 

https://www.sciencedirect.com/science/article/pii/S0048969721065049
https://www.sciencedirect.com/science/article/pii/S0048969721065049


We thank CARB for the opportunity to comment and look forward to working with CARB to improve air 
quality and public health throughout California. If you have any questions, please contact me at 
Josh.Wilson@POET.com or (202) 756-5612. 
 
 
Sincerely, 
 

 
Joshua P. Wilson  
Senior Regulatory Counsel  
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Department of Civil and Environmental Engineering 

February 3, 2022 

Docket Number:   EPA-HQ-OAR-2021-0324 
Comments of Drs. Fatemeh Kazemiparkouhi,1 David MacIntosh,2 Helen Suh3 
1 Environmental Health & Engineering, Inc., Newton, MA 
2 Environmental Health & Engineering, Inc., Newton, MA and the Harvard T.H. Chan 
School of Public Health, Boston, MA 
3 Tufts University, Medford, MA  

We are writing to comment on issues raised by the proposed RFS annual rule, the Draft 
Regulatory Impact Analysis (December 2021; EPA-420-D-21-002), and the supporting 
Health Effects Docket Memo (September 21, 2021; EPA-HQ-OAR-2021-0324-0124), 
specifically regarding the impact of ethanol-blended fuels on air quality and public 
health.  We provide evidence of the air quality and public health benefits provided by 
higher ethanol blends, as shown in our recently published study1 by Kazemiparkouhi et 
al. (2021), which characterized emissions from light duty vehicles for market-based 
fuels.  Findings from our study demonstrate ethanol-associated reductions in emissions 
of primary particulate matter (PM), nitrogen oxides (NOx), carbon monoxide (CO), and 
to a lesser extent total hydrocarbons (THC).  Our results provide further evidence of the 
potential for ethanol-blended fuels to improve air quality and public health, particularly 
for environmental justice communities.  Below we present RFS-pertinent findings from 
Kazemiparkouhi et al. (2021), followed by their implications for air quality, health, and 
environmental justice.      

Summary of Kazemiparkouhi et al. (2021) 

Our paper is the first large-scale analysis of data from light-duty vehicle emissions 
studies to examine real-world impacts of ethanol-blended fuels on regulated air pollutant 
emissions, including PM, NOx, CO, and THC.  To do so, we extracted data from a 
comprehensive set of emissions and market fuel studies conducted in the US.  Using 
these data, we (1) estimated composition of market fuels for different ethanol volumes 
and (2) developed regression models to estimate the impact of changes in ethanol 
volumes in market fuels on air pollutant emissions for different engine types and 
operating conditions.  Importantly, our models estimated these changes accounting for 
not only ethanol volume fraction, but also aromatics volume fraction, 90% volume 
distillation temperature (T90) and Reid Vapor Pressure (RVP).  Further, they did so 

1 https://doi.org/10.1016/j.scitotenv.2021.151426 

Attachment A

https://doi.org/10.1016/j.scitotenv.2021.151426
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under both cold start and hot stabilized running conditions and for gasoline-direct 
injection engines (GDI) and port-fuel injection (PFI) engine types.  Key highlights from 
our paper include: 

• Aromatic levels in market fuels decreased by approximately 7% by volume for 
each 10% by volume increase in ethanol content (Table 1).  Our findings of lower 
aromatic content with increasing ethanol content is consistent with market fuel 
studies by EPA and others (Eastern Research Group, 2017, Eastern Research 
Group, 2020, US EPA, 2017).  As discussed in EPA’s Fuel Trends Report, for 
example, ethanol volume in market fuels increased by approximately 9.4% between 
2006 and 2016, while aromatics over the same time period were found to drop by 
5.7% (US EPA, 2017).  
 
We note that our estimated market fuel properties differ from those used in the 
recent US EPA Anti-Backsliding Study (ABS), which examined the impacts of 
changes in vehicle and engine emissions from ethanol-blended fuels on air quality 
(US EPA, 2020).  Contrary to our study, ABS was based on hypothetical fuels that 
were intended to satisfy experimental considerations rather than mimic real-world 
fuels.  It did not consider published fuel trends; rather, the ABS used inaccurate fuel 
property adjustment factors in its modeling, reducing aromatics by only 2% (Table 
5.3 of ABS 2020), substantially lower than the reductions found in our paper and in 
fuel survey data (Kazemiparkouhi et al., 2021, US EPA, 2017).  As a result, the 
ABS’s findings and their extension to public health impacts are not generalizable to 
real world conditions. 

 
Table 1. Estimated market fuel properties  

Fuel ID EtOH  
Vol (%) T50 (oF) T90 (oF) Aromatics  

Vol (%) AKI RVP  
(psi) 

E0 0 219 325 30 87 8.6 
E10 10 192 320 22 87 8.6 
E15 15 162 316 19 87 8.6 
E20 20 165 314 15 87 8.6 
E30 30 167 310 8 87 8.6 

Abbreviations: EtOH = ethanol volume; T50 = 50% volume distillation temperature; T90 = 90% 
volume distillation temperature; Aromatics=aromatic volume; AKI = Anti-knock Index; RVP = Reid 
Vapor Pressure. 

 
• PM emissions decreased with increasing ethanol content under cold-start 

conditions.  Primary PM emissions decreased by 15-19% on average for each 10% 
increase in ethanol content under cold-start conditions (Figure 1).  While statistically 
significant for both engine types, PM emission reductions were larger for GDI as 
compared to PFI engines, with 53% and 29% lower PM emissions, respectively, 
when these engines burned E30 as compared to E10.  In contrast, ethanol content 
in market fuels had no association with PM emissions during hot-running conditions.  
 
Importantly, our findings are consistent with recent studies that examined the effect 
of ethanol blending on light duty vehicle PM emissions.  Karavalakis et al. (2014), 
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(2015), Yang et al. (2019a), (2019b), Schuchmann and Crawford (2019), for 
example, assessed the influence of different mid-level ethanol blends – with proper 
adjustment for aromatics – on the PM emissions from GDI engines and Jimenez and 
Buckingham (2014) from PFI engines.  As in our study, which also adjusted for 
aromatics, each of these recent studies found higher ethanol blends to emit lower 
PM as compared to lower or zero ethanol fuels.   
 
Together with these previous studies, our findings support the ability of ethanol-
blended fuels to offer important PM emission reduction opportunities.  Cold start PM 
emissions have consistently been shown to account for a substantial portion 
of all direct tailpipe PM emissions from motor vehicles, with data from the EPAct 
study estimating this portion to equal 42% (Darlington et al., 2016, US EPA, 2013).  
The cold start contribution to total PM vehicle emissions, together with our findings 
of emission reductions during cold starts, suggest that a 10% increase in ethanol 
fuel content from E10 to E20 would reduce total tailpipe PM emissions from 
motor vehicles by 6-8%.   
 
Figure 1.  Change (%) in cold-start emissions for comparisons of different ethanol-

content market fuelsa 

 
a Emissions were predicted from regression models that included ethanol and aromatics volume 
fraction, T90, and RVP as independent variables  
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• NOx, CO and THC emissions were significantly lower for higher ethanol fuels 
for PFI engines under cold-start conditions, but showed no association for GDI 
engines (Figure 1). CO and THC emissions also decreased under hot running 
conditions for PFI and for CO also for GDI engines (results not shown).  [Note that 
NOx emissions for both PFI and GDI engines were statistically similar for 
comparisons of all ethanol fuels, as were THC emissions for GDI engines.]  These 
findings add to the scientific evidence demonstrating emission reduction benefits of 
ethanol fuels for PM and other key motor vehicle-related gaseous pollutants. 
 

Implications for Public Health and Environmental Justice Communities 
 
The estimated reductions in air pollutant emissions, particularly of PM and NOx, 
indicate that increasing ethanol content offers opportunities to improve air 
quality and public health.  As has been shown in numerous studies, lower PM 
emissions result in lower ambient PM concentrations and exposures (Kheirbek et al., 
2016, Pan et al., 2019), which, in turn, are causally associated with lower risks of total 
mortality and cardiovascular effects (Laden et al., 2006, Pun et al., 2017, US EPA, 
2019, Wang et al., 2020).  
 
The above benefits to air quality and public health associated with higher ethanol 
fuels may be particularly great for environmental justice (EJ) communities.  EJ 
communities are predominantly located in urban neighborhoods with high traffic density 
and congestion and are thus exposed to disproportionately higher concentrations of PM 
emitted from motor vehicle tailpipes (Bell and Ebisu, 2012, Clark et al., 2014, Tian et al., 
2013).  Further, vehicle trips within urban EJ communities tend to be short in duration 
and distance, with approximately 50% of all trips in dense urban communities under 
three miles long (de Nazelle et al., 2010, Reiter and Kockelman, 2016, US DOT, 2010).  
As a result, a large proportion of urban vehicle trips occur under cold start conditions 
(de Nazelle et al., 2010), when PM emissions are highest.  Given the evidence that 
ethanol-blended fuels substantially reduce PM, NOx, CO, and THC emissions during 
cold-start conditions, it follows that ethanol-blended fuels may represent an effective 
method to reduce PM health risks for EJ communities.   
 
Summary 
 
Findings from Kazemiparkouhi et al. (2021) provide important, new evidence of ethanol-
related reductions in vehicular emissions of PM, NOx, CO, and THC based on real-
world fuels and cold-start conditions.  Given the substantial magnitude of these 
reductions and their potential to improve air quality and through this public health, our 
findings warrant careful consideration.  Policies that encourage higher concentrations of 
ethanol in gasoline would provide this additional benefit.  These policies are especially 
needed to protect the health of EJ communities, who experience higher exposures to 
motor vehicle pollution, likely including emissions from cold starts in particular, and are 
at greatest risk from their effects.   
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