
 
 

September 27, 2021 
 
 
Submitted via the Federal eRulemaking portal:  http://www.regulations.gov 
 
 
The Honorable Michael Regan 
Administrator 
U.S. Environmental Protection Agency (EPA) 
1200 Pennsylvania Avenue, NW 
Washington, D.C.  20460 
 
 
RE:  Revised 2023 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions 
Standards (RIN 2060–AV13); Docket ID No. EPA-HQ-OAR-2021-0208 
 
 
Dear Administrator Regan: 
 
We are writing as interested citizens to comment on the Revised 2023 and Later Model Year Light-
Duty Vehicle Greenhouse Gas Emissions Standards Proposed Rule (the “Proposed Rule”), on the 
basis of our career backgrounds and concern for the public health and welfare.  Reid Detchon 
served as Principal Deputy Secretary for Energy Efficiency and Renewable Energy at the U.S. 
Department of Energy under President George H.W. Bush and most recently was Executive 
Director of the Energy Future Coalition and Vice President for Energy and Climate Change at the 
United Nations Foundation, where he continues to serve as Senior Advisor for Climate Solutions. 
Reg Modlin worked at Chrysler for more than four decades, most recently as Director – Regulatory 
Affairs for Fiat Chrysler Automobiles.  From that position, he maintained a deep interest in the 
advantages of alternate fuels.  He was a participant in the Energy Future Coalition and had a role 
in the formative stages of the Department of Energy’s Co-Optima program.  The views expressed 
here are our own and do not purport to represent any of our past or present affiliations. 
 
As discussed below, and then presented in carefully annotated detail, we believe EPA missed an 
opportunity to consider the benefits of high-octane, low-carbon fuels to contribute to the objectives 
of the Proposed Rule. Such fuels could deliver average annualized benefits comparable to that 
claimed for the Proposed Rule and could achieve them sooner.  As you prepare the Final Rule, we 
urge you to consider that potential and to seek input from stakeholders beyond the walls of EPA 
as to how an improved fuel can be adopted by the market. This consideration should be seen as a 
companion to the electrification of the transportation sector by application of feasible, available, 
and affordable technological solutions to climate and health challenges.    
 
The Proposed Rule targets reducing emissions of greenhouse gases (GHGs) from new vehicles. 
However, we observe that EPA has missed a substantial opportunity to reduce GHG emissions 
from vehicles now on the road.  To achieve early wins in the climate challenge by deploying 
effective, available, and affordable technology packages, EPA should also consider improving the 
fuel used by over 250 million existing vehicles.  An analysis of the potential effectiveness of an 



 
 

improved fuel used in internal combustion engine (ICE) vehicles now and into the next few 
decades shows that adoption of an improved fuel could possibly double the CO2 reductions 
claimed by the Proposed Rule.  (See analysis conducted by Steffen Mueller, University of Illinois 
at Chicago, to be reported by B. West, “Benefits of Ethanol Blending and Impact on Emissions 
and Emissions Control,” at SAE Powertrains, Fuels and Lubricants Summit, October 2021.)  This 
observation alone should cause EPA to give very serious consideration into how an improved fuel 
can be adopted and deployed.  An improved fuel would also bring along substantial further 
benefits.   
 
We note the comment in the Proposed Rule that “in addition to substantially reducing GHG 
emissions, a longer-term rulemaking could also address criteria pollutant and air toxics emissions 
from the new light-duty vehicle fleet – especially important considerations during the transition to 
zero-emission vehicles.”   Most vehicles entering the market today use gasoline direct injection 
(GDI) to enhance performance.  DOE studies have identified a notable increase in ultrafine particle 
emissions from GDI engines.  The increased number of particles and their size include emissions 
of toxic polycyclic aromatic hydrocarbons (PAHs). 
 
For mobile source air toxics, such as PAHs derived from gasoline emissions, the Clean Air Act 
requires “the greatest degree of emission reduction achievable through the application of 
technology which will be available.” In that context, just as with greenhouse gas emissions, 
vehicles and fuels must be seen as parts of an integrated system.  The Department of Energy clearly 
understands the need for such an approach. Since 2016, the Co-Optimization of Fuels & Engines 
initiative (known as Co-Optima) has explored how simultaneous innovations in fuels and engines 
can boost fuel economy and vehicle performance, while reducing emissions. The Co-Optima team 
views fuels “not as standalone elements in the transportation system, but as dynamic design 
variables that can work with modern engines to optimize and revolutionize the entire on-road 
fleet.”  Their work will be useful as EPA considers the adoption of improved fuels in current and 
future rulemakings. 
 
Because of the long lead time for capital planning in both the automobile and fuels industries, it is 
vital for EPA to send a signal of its intent as part of the current rulemaking. By encouraging the 
entry and adoption of higher-level biofuel blends in the market to reduce carbon emissions now, 
you will begin to see the benefits immediately – in terms of greenhouse gas emissions, air quality, 
and public health – a critical consideration in light of the Administration’s goal of reducing U.S. 
greenhouse gas emissions by at least 50% by 2030. 
 
As explained in detail below, widespread adoption of improved fuels can complement the pathway 
to an electric vehicle future. With a period of 30 years needed to achieve that transition, and with 
emissions today causing premature deaths and stunting child development in the very cities that 
are the focus of the environmental justice movement, this is an approach that EPA should seize 
and embrace. It does not require new legislation – EPA has all the authority it needs to act and the 
subject Proposed Rule provides a convenient vehicle.  Action, or inaction, now will affect public 
health for decades to come.  
 
  



 
 

We urge your careful consideration of adopting an improved fuel to aid in attacking the climate 
challenge and improving the health of all Americans through the Final Rule and subsequent rules. 
 
Sincerely, 
Reginald R. Modlin 
r.modlin@icloud.com  
(248) 705-1196 
 
B. Reid Detchon 
reid.detchon@gmail.com 
(202) 446-7689 
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Overview of Supporting Information and References 
 
The urgent need for action on the growing global danger of climate change could not be clearer.  
In response, the world is moving toward a goal of zero net carbon emissions by mid-century.  
The most important near-term steps on that journey will be to decarbonize the global electricity 
supply and to shift the transportation sector from fossil fuels to electricity.  In the U.S., a rapid 
transition to electric vehicles should be the object of financial and regulatory incentives by all 
levels of government. 
 
However, the average car on the road today is over 12 years old, with 25% of cars being over 16 
years old.  Even if the nation moves to end the sale of cars with internal combustion engines by 
2035, replacing the existing fleet of 250 million passenger vehicles will take at least until mid-
century.  During that transition, increasing the use of biofuels, such as ethanol with a lower 
carbon footprint than gasoline, would unlock direct and indirect benefits for the climate and for 
the health of Americans: 

• Greenhouse gas emissions from cars and light trucks could be reduced by more than 12% 
(roughly 123 million metric tons annually) principally by enabling vehicles to operate 
more efficiently (a greater reduction than would be achieved by EPA’s proposed new 
vehicle standards!). 

• Coupled with incentives for carbon capture in agriculture, it could shift tens of millions 
of acres of farmland now under conventional cultivation to low-impact sustainable 
practices, delivering further carbon benefits and reducing fertilizer runoff into our 
waterways.  

By providing the octane needed for more efficient engines, increased ethanol content in gasoline 
would also enable a 40% reduction in the use of aromatic hydrocarbons in the fuel.  Aromatics 
are petrochemicals produced in the oil refining process and used to increase gasoline octane.  
They comprise roughly 20% of all the gasoline sold in the US.  Emissions from these toxic 
chemicals today pose a significant public health risk.  Ethanol offers a cleaner source of octane. 
 
Emissions from aromatic compounds in gasoline were commonly thought to be short-lived, thus 
posing little threat to human health.  But that was wrong.  A recent General Motors study found 
that nearly 96% of the fine-particle emissions from gasoline are caused by the aromatics in the 
fuel.  Fine particle pollution from fossil fuel combustion is the leading cause of premature death 
in the world, responsible for cardiovascular, respiratory, and other health effects that kill more 
than 8 million people annually.   
 
Not all particles are alike.  Among the worst are polycyclic aromatic hydrocarbons (PAHs).  
Once inhaled, these ultrafine particles reach the deepest part of the lungs and enter the 
bloodstream, where they can cross biological membranes, even the placental barrier, and reach 
the brain.  Fetal exposure to extremely low levels of PAHs has been associated with 
developmental delay at age 3 and reduced IQ at age 5. 
 
Research has shown that PAHs attach themselves to ultrafine particles in the exhaust stream, 
extending their lives over long distances and durations.  This new understanding is one reason 
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why EPA’s atmospheric models, by the agency’s own admission, have been unable to predict the 
formation of secondary organic aerosols as a class – a major component of fine particle pollution 
in urban areas.  
 
The Clean Air Act Amendments of 1990 required control of toxic emissions from motor 
vehicles.  EPA responded in 2001 with standards based on the technologies and understanding of 
health effects at that time.  However, time and science have moved on.  Vehicle engine 
technologies have advanced, the composition of gasoline has changed, and the public health 
effects of aromatics have become better understood:  Carburetors and port fuel injection have 
largely been replaced by gasoline direct injection (GDI) technology.  More than half of the 
vehicles entering the market use this technology to enhance fuel economy performance.  
Unfortunately, GDI technology greatly increases emissions of ultrafine particles when using 
today’s gasoline. 
 
It doesn’t have to be this way.  Technologies and products have come together to define a new 
solution for what the Clean Air Act requires: “the greatest degree of emission reduction 
achievable through the application of technology which will be available.”  Along with a rapid 
transition to electric vehicles, a complementary program should include adoption of higher 
ethanol blends, which have been shown by U.S. National Laboratories to enable higher fuel 
economy and vehicle performance.  Such blends would enable a 40% reduction in the use of 
toxic aromatics in gasoline.  An important recent study, co-authored by the Nobel Prize winner 
Mario Molina, concluded that reducing the smallest (ultrafine) particles “without simultaneously 
limiting organics from automobile emissions is ineffective and can even exacerbate this 
problem.”   
 
Today, the nation’s gasoline fuel pool includes 10% ethanol (E10).  Concerns about ethanol 
consuming food supplies to make transportation fuel, a feared lack of corn and ethanol 
production capability, and a claimed inability to distribute ethanol to customers have all been 
considered and assessed as low to no risk in contemporary studies.  Gradual uptake of higher-
level ethanol blends could be supplied without any expansion of U.S. cropland and offered to 
consumers at less cost than today’s gasoline with lower carbon and toxic emissions.  Test 
programs in the rural Midwest have shown that today’s vehicles operate well on higher levels of 
ethanol blended with conventional gasoline.  Automakers have affirmed that such benefits would 
be realized by both new and existing internal combustion engines and therefore should be 
encouraged as additional solutions as soon as possible.  Consumer demand, supported by 
automaker recommendations for new cars, would steadily increase the market share of mid-level 
blends over time.  
 
The pathway to that outcome is straightforward:  

• EPA (and similarly the California Air Resources Board) should specify an improved, 
higher octane gasoline and identify mid-level ethanol blends as the fuel of choice for new 
vehicles. 

• EPA and CARB should cap the permissible level of aromatics allowed in improved 
gasoline. 

• Automakers should optimize new-car design for higher ethanol blends, seek approval for 
a related certification fuel, and urge its use as a preferred fuel. 
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Supporting Information and References 
 
I. Emissions from the use of toxic chemicals in gasoline – aromatic hydrocarbons – are 

causing thousands of premature deaths annually in the United States and harming the 
cognitive development of children.  

 
1. The effect on public health in brief 

a. Incomplete combustion of the aromatics in gasoline (comprising 20% of every 
gallon) results in tailpipe emissions of fine particles. Inhalation of fine particles 
from fossil fuel combustion is the leading cause of premature death in the world, 
killing more than 8 million people annually.1  

b. A recent study found that reducing the smallest (ultrafine) particles without 
simultaneously limiting organics from automobile emissions “is ineffective and 
can even exacerbate the problem.”2 

c. Once inhaled, ultrafine particles reach the deepest part of the lungs and enter the 
bloodstream, where they can cross biological membranes, even the placental 
barrier, and reach the brain.3 4 5  

d. Not all particles are alike – some may be benign, while others are clearly toxic. 
Among the worst are polycyclic aromatic hydrocarbons (PAHs), which mix and 
combine with other gasoline emissions to persist over longer times and distances 
than previously thought possible.6  

e. Fetal exposure to extremely low levels of PAHs – levels that are common in dense 
urban areas – has been associated with developmental delay at age 3 years and 

 
1 Karn Vohra et al., “Global mortality from outdoor fine particle pollution generated by fossil fuel 
combustion: Results from GEOS-Chem,” Environmental Research (2021): 195(110754): 
https://www.sciencedirect.com/science/article/abs/pii/S0013935121000487 (accessed Feb. 24, 2021). 
2 Song Guo et al., “Remarkable nucleation and growth of ultrafine particles from vehicular exhaust,” 
Proceedings of the National Academy of Sciences of the United States of America (2020): 117(7): pp. 
3427-32: https://www.pnas.org/content/117/7/3427 (accessed June 11, 2021). 
3 C. Vyvyan Howard, “Particulate Emissions and Health” (2009): pp. 13-16: 
http://www.durhamenvironmentwatch.org/Incinerator%20Health/CVHRingaskiddyEvidenceFinal1.pdf 
(accessed Feb. 24, 2021). 
4 Russell A. Morales-Rubio et al., “In utero exposure to ultrafine particles promotes placental stress-
induced programming of renin-angiotensin system-related elements in the offspring results in altered 
blood pressure in adult mice,” Particle and Fibre Toxicology (2019): 16(7): 
https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-019-0289-1 (accessed Feb. 
24, 2021). 
5 Dean E. Schraufnagel, “The health effects of ultrafine particles,” Experimental & Molecular Medicine 
(2020): 52: pp. 311-17: https://www.nature.com/articles/s12276-020-0403-3 (accessed Feb. 24, 2021). 
6 Alla Zelenyuk et al., “The Effect of Gas-Phase Polycyclic Aromatic Hydrocarbons on the Formation 
and Properties of Biogenic Secondary Organic Aerosol Particles,” Faraday Discussions (2017): 200: pp. 
143-164: https://pubs.rsc.org/en/content/articlelanding/2017/FD/C7FD00032D#!divAbstract (accessed 
Feb. 24, 2021). 

https://www.sciencedirect.com/science/article/abs/pii/S0013935121000487
https://www.pnas.org/content/117/7/3427
http://www.durhamenvironmentwatch.org/Incinerator%20Health/CVHRingaskiddyEvidenceFinal1.pdf
https://particleandfibretoxicology.biomedcentral.com/
https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-019-0289-1
https://www.nature.com/articles/s12276-020-0403-3
https://pubs.rsc.org/en/content/articlelanding/2017/FD/C7FD00032D#!divAbstract
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reduced IQ at age 5 years, similar to the effects reported for children with elevated 
concentrations of lead in their blood.7 

 
2. Aromatics 

a. Aromatics are hydrocarbons built around one or more benzene rings. Often 
referred to by the acronym BTEX, they include not just benzene itself, a known 
carcinogen, but also toluene, ethylbenzene, xylenes, and other compounds similar 
to benzene in their behavior in the environment.8 People are exposed to BTEX 
primarily through emissions from motor vehicles and cigarette smoke.9 

b. Aromatics are derived from petroleum during the refining process and blended 
into gasoline to increase octane. Their use increased dramatically during the 
1980s when the previously used additive, tetraethyl lead, was phased out due to 
health concerns.10 11 

i. Octane is needed in gasoline to prevent premature combustion of the fuel 
mixture (“knock”), which can damage engines.12 

ii. The level of aromatics in gasoline is capped at 25% in regions required to 
use reformulated gasoline (areas that have high levels of ozone pollution, 
roughly 30% of the U.S. market).13 On average, aromatics comprise 20% 
of the gasoline sold in the U.S.14 Levels elsewhere (e.g., in Europe and 
China) have been as high as 40%, worsening air pollution and public 
health in those regions.15 

 
7 Frederica P. Perera et al., “Prenatal Airborne Polycyclic Aromatic Hydrocarbon Exposure and Child IQ 
at Age 5 Years,” Pediatrics (2009): 124(2): pp. e195-e202: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2864932/ (accessed Feb. 24, 2021). 
8 Emma P. Popek, “Environmental Chemical Pollutants” in Sampling and Analysis of Environmental 
Chemical Pollutants (second edition), Elsevier (2018), p. 36: 
https://www.sciencedirect.com/science/article/pii/B9780128032022000021 (accessed Feb. 24, 2021). 
9 Queensland (Australia) Department of Environment and Science, “BTEX chemicals”: 
https://environment.des.qld.gov.au/management/activities/non-mining/fraccing/btex-chemicals (accessed 
Feb. 24, 2021). 
10 Francesca Lyman, “The Gassing of America,” in The Washington Post, April 13, 1990: 
https://www.washingtonpost.com/archive/lifestyle/1990/04/13/the-gassing-of-america/bce94f4d-c8a1-
47e5-8c9c-d0a6befd8b80/ (accessed Feb. 24, 2021). 
11 U.S. Environmental Protection Agency, “Examples of Successful Lead Phaseouts: United States,” in 
Implementer’s Guide to Phasing Out Lead in Gasoline (1999), pp. 10-11: 
https://archive.epa.gov/international/air/web/pdf/epa_phase_out.pdf (accessed Feb. 24, 2021). 
12 “Engine knocking,” in Wikipedia: https://en.wikipedia.org/wiki/Engine_knocking (accessed Feb. 24, 
2021). 
13 42 U.S. Code, sec. 7545, “Regulation of fuels,” at (k)(3)(A)(ii): P.L. 101-549, sec. 219, enacted Nov. 
15, 1990: https://www.law.cornell.edu/uscode/text/42/7545 (accessed June 17, 2021). 
14 U.S. Environmental Protection Agency, “Fuel Trends Report: Gasoline 2006 - 2016” (2017), Table 6: 
Summary of Annual Average Gasoline Properties Between 1997 and 2016: EPA-420-R-17-005: p. 27: 
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100T5J6.pdf (accessed Feb. 24, 2021). 
15 Guiqian Tang et al., “Organic composition of gasoline and its potential effects on air pollution in North 
China,” Science China: Chemistry (2015): 58(9): pp. 1416-25: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2864932/
https://www.sciencedirect.com/science/book/9780128032022
https://www.sciencedirect.com/science/book/9780128032022
https://www.sciencedirect.com/science/article/pii/B9780128032022000021
https://environment.des.qld.gov.au/management/activities/non-mining/fraccing/btex-chemicals
https://www.washingtonpost.com/archive/lifestyle/1990/04/13/the-gassing-of-america/bce94f4d-c8a1-47e5-8c9c-d0a6befd8b80/
https://www.washingtonpost.com/archive/lifestyle/1990/04/13/the-gassing-of-america/bce94f4d-c8a1-47e5-8c9c-d0a6befd8b80/
https://archive.epa.gov/international/air/web/pdf/epa_phase_out.pdf
https://en.wikipedia.org/wiki/Engine_knocking
https://www.law.cornell.edu/uscode/text/42/7545
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100T5J6.pdf
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iii. In the decade from 1997 to 2006, aromatics made up roughly 25% of the 
U.S. gasoline pool. That level fell to 20% over the next 10 years16 as 
ethanol’s share of the market rose from 3% to nearly 10%. This 20% level 
equates to 25.3 billion gallons of aromatics used in cars and light trucks 
per year.17  

iv. Aromatics have a much higher ratio of carbon to hydrogen than other 
typical hydrocarbons do, driving up the carbon content of gasoline and 
producing higher greenhouse gas emissions.18 

v. Aromatics contribute about 10% of global anthropogenic emissions of 
non-methane organic gases (NMOG), the major source being car exhaust 
from gasoline-powered vehicles.19 

vi. Aromatics are also responsible for an estimated 30-40% of the ozone and 
other photooxidants in urban atmospheres, making them the most 
important class of hydrocarbons with regard to photochemical ozone 
formation.20 

c. The BTEX chemicals are characterized as hazardous air pollutants “known or 
suspected to cause cancer or other serious health or environmental effects.”21 
They are identified as mobile source air toxics and formed in four ways, of which 
the first two are most pertinent. According to EPA:22 

i. “First, some air toxics are present in fuel and are emitted to the air when it 
evaporates or passes through the engine as unburned fuel. Benzene, for 

 
http://engine.scichina.com/publisher/scp/journal/SCC/58/9/10.1007/s11426-015-5464-0?slug=abstract 
(accessed Feb. 24, 2021). 
16 U.S. EPA, “Fuel Trends Report,” op. cit., supra note 14. 
17 U.S. Energy Information Administration, “Gasoline explained – use of gasoline”, online fact sheet: 
“Light-duty vehicles (cars, sport utility vehicles, and small trucks) account for about 92% of all gasoline 
consumption in the United States”: https://www.eia.gov/energyexplained/gasoline/use-of-gasoline.php 
(accessed Feb. 24, 2021). EIA projects gasoline use in 2021 to total 137.5 billion gallons, or 126.5 billion 
gallons for light-duty vehicles: U.S. Energy Information Administration, “Annual Energy Outlook 2021,” 
Table 11. Petroleum and Other Liquids Supply and Disposition (Reference case): 
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=11-AEO2021&region=0-
0&cases=ref2021&start=2019&end=2050&f=A&linechart=ref2021-d113020a.3-11-
AEO2021&chartindexed=0&sourcekey=0 (accessed Feb. 24, 2021). 
18 U.S. Energy Information Administration, “Emissions of Greenhouse Gases in the United States 1987-
1994” (1995), DOE/EIA-0573(87-94), p. 77: https://www.osti.gov/servlets/purl/122288 (accessed Feb. 
24, 2021). 
19 I. Barnes and K.H. Becker, “Aromatic Hydrocarbons,” in Tropospheric Chemistry and Composition, 
Encyclopedia of Atmospheric Sciences (2003): p. 2376: 
https://www.sciencedirect.com/science/article/pii/B0122270908004243 (accessed Feb. 24, 2021). 
20 Ibid. 
21 U.S. Environmental Protection Agency, “What are Hazardous Air Pollutants?”, online fact sheet: 
https://www.epa.gov/haps/what-are-hazardous-air-pollutants (accessed Aug. 29, 2021). 
22 U.S. Environmental Protection Agency, “Control of Emissions of Hazardous Air Pollutants from 
Mobile Sources; Final Rule,” Federal Register (2001): 66(61): pp. 17235-39: 
https://www.govinfo.gov/content/pkg/FR-2001-03-29/pdf/01-37.pdf (accessed Feb. 24, 2021). 

http://engine.scichina.com/publisher/scp/journal/SCC/58/9/10.1007/s11426-015-5464-0?slug=abstract
https://www.eia.gov/energyexplained/gasoline/use-of-gasoline.php
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=11-AEO2021&region=0-0&cases=ref2021&start=2019&end=2050&f=A&linechart=ref2021-d113020a.3-11-AEO2021&chartindexed=0&sourcekey=0
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=11-AEO2021&region=0-0&cases=ref2021&start=2019&end=2050&f=A&linechart=ref2021-d113020a.3-11-AEO2021&chartindexed=0&sourcekey=0
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=11-AEO2021&region=0-0&cases=ref2021&start=2019&end=2050&f=A&linechart=ref2021-d113020a.3-11-AEO2021&chartindexed=0&sourcekey=0
https://www.osti.gov/servlets/purl/122288
https://www.sciencedirect.com/science/article/pii/B0122270908004243
https://www.epa.gov/haps/what-are-hazardous-air-pollutants
https://www.govinfo.gov/content/pkg/FR-2001-03-29/pdf/01-37.pdf
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example, is a component of gasoline. Cars emit small quantities of 
benzene in unburned fuel, or as vapor when gasoline evaporates.  

ii. “Second, mobile source air toxics are formed through engine combustion 
processes. A significant amount of automotive benzene comes from the 
incomplete combustion of compounds in gasoline such as toluene and 
xylene that are chemically very similar to benzene.” (emphasis added) 

d. According to a review of the literature by a Health Effects Institute panel, “It is 
estimated that about 50% of the benzene produced in the exhaust is the result of 
decomposition of aromatic hydrocarbons in the fuel. … [Two] studies showed 
that lowering aromatic levels in gasoline significantly reduces toxic benzene 
emissions from vehicle exhausts.”23 

e. Gasoline-powered vehicles accounted for 69% of all U.S. emissions of single-ring 
aromatic hydrocarbons, based on source-specific speciation in the 2005 National 
Emissions Inventory.24 

 
3. Emissions from aromatics: Particulate matter (PM) and ultrafine particles 

(UFPs) 
a. When a fuel is burned in a vehicle, its molecules break apart and create particulate 

matter (PM).25 PM is usually characterized according to its size – in three 
categories:  

i. Some particles, such as dust, dirt, soot, or smoke, are large or dark enough 
to be seen with the naked eye. These larger particles (2.5 to 10 
micrometers in diameter) are called PM10 and are mostly derived from soil 
and sea salts. Fine particles (PM2.5, 0.1 to 2.5 micrometers in diameter) 
and ultrafine particles (UFPs, less than 0.1 micrometer) are predominantly 
derived from combustion of fossil fuel.26  

ii. Exposure to PM2.5 from fossil fuel combustion was recently shown to be 
the leading cause of premature death in the world, killing more than 8 

 
23 Health Effects Institute, Panel on the Health Effects of Traffic-Related Air Pollution, “Traffic-Related 
Air Pollution: A Critical Review of the Literature on Emissions, Exposure, and Health Effects” (Special 
Report 17): Chapter 2, “Emissions from Motor Vehicles,” Appendix B: “Fuel Composition Changes 
Related To Emission Controls” (2010): pp. 3-4: 
https://www.healtheffects.org/system/files/SR17TrafficReviewChapter2AppendixB.pdf (accessed Aug. 
24, 2021).  
24 Katherine von Stackelberg et al., “Public health impacts of secondary particulate formation from 
aromatic hydrocarbons in gasoline,” Table 3, National emissions inventory of single-ring aromatic 
hydrocarbons,  
Environmental Health (2013): 12(19): https://ehjournal.biomedcentral.com/articles/10.1186/1476-069X-
12-19/tables/3 in https://ehjournal.biomedcentral.com/articles/10.1186/1476-069X-12-19 (accessed Feb. 
24, 2021). 
25 Mohsin Raza et al., “A Review of Particulate Number (PN) Emissions from Gasoline Direct Injection 
(GDI) Engines and Their Control Techniques,” Energies (2018): 11(6), 1417: p. 3: 
https://www.mdpi.com/1996-1073/11/6/1417/htm (accessed Feb. 24, 2021). 
26 Andre Nel, “Air Pollution-Related Illness: Effects of Particles,” Science (2005): 308(5723): pp. 804-06: 
https://science.sciencemag.org/content/308/5723/804 (accessed Feb. 24, 2021). 

https://www.healtheffects.org/system/files/SR17TrafficReviewChapter2AppendixB.pdf
https://ehjournal.biomedcentral.com/articles/10.1186/1476-069X-12-19/tables/3
https://ehjournal.biomedcentral.com/articles/10.1186/1476-069X-12-19/tables/3
https://ehjournal.biomedcentral.com/articles/10.1186/1476-069X-12-19
https://www.mdpi.com/1996-1073/11/6/1417/htm
https://science.sciencemag.org/content/308/5723/804
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million people annually27 – double the previous estimate – based on a new 
risk assessment model that found a higher mortality rate for long-term 
exposure to fossil fuel emissions, including at lower concentrations.28 

iii. EPA recently announced that it will reconsider its national standards for 
PM2.5, stating: “The strong body of scientific evidence shows that long- 
and short-term exposures to fine particles (PM2.5) can harm people’s 
health, leading to heart attacks, asthma attacks, and premature death. 
Large segments of the U.S. population, including children, people with 
heart or lung conditions, and people of color, are at risk of health effects 
from PM2.5.”29 

1. Children’s exposure to air pollution is of special concern because 
their immune system and lungs are not fully developed.30 

2. Long-term exposure to PM2.5 has also been associated with a large 
increase in the COVID-19 death rate.31 

iv. As EPA notes, “While some PM is emitted directly from sources such as 
construction sites, unpaved roads, fields, smokestacks or fires, most 
particles form in the atmosphere as a result of complex reactions of 
chemicals such as sulfur dioxide and nitrogen oxides, which are pollutants 
emitted from power plants, industrial facilities and vehicles.”32 

1. A recent General Motors study found that nearly 96% of the PM 
emissions from gasoline are caused by the aromatics in the fuel. 
Due to an increase in heavy aromatics in the U.S. gasoline pool in 
the last three years, the gasoline particulate index has increased by 
more than 30% since 2016 and now is worse than in the EU and 
China. The authors observed: “Fuel quality improvements are not 

 
27 Vohra, op. cit., supra note 1, updating Dean E. Schraufnagel et al., “Air Pollution and 
Noncommunicable Diseases – A Review by the Forum of International Respiratory Societies’ 
Environmental Committee, Part 1: The Damaging Effects of Air Pollution,” CHEST Journal (2019): 
155(2): pp. 409-16: https://journal.chestnet.org/article/S0012-3692(18)32723-5/pdf (accessed Feb. 24, 
2021). 
28 Leah Burrows, “Deaths from fossil fuel emissions higher than previously thought,” news release, 
Harvard John A. Paulson School of Engineering and Applied Sciences, Feb. 9, 2021: 
https://www.seas.harvard.edu/news/2021/02/deaths-fossil-fuel-emissions-higher-previously-thought 
(accessed Feb. 24, 2021). 
29 U.S. Environmental Protection Agency, “EPA to Reexamine Health Standards for Harmful Soot that 
Previous Administration Left Unchanged,” news release, June 10, 2021: 
https://www.epa.gov/newsreleases/epa-reexamine-health-standards-harmful-soot-previous-
administration-left-unchanged (accessed June 11, 2021). 
30 Joel Schwartz, “Air Pollution and Children’s Health,” Pediatrics (2004): 113(4): pp. 1037-43: 
https://pediatrics.aappublications.org/content/pediatrics/113/Supplement_3/1037.full.pdf (accessed Feb. 
24, 2021). 
31 Xiao Wu et al., “Exposure to air pollution and COVID-19 mortality in the United States: A nationwide 
cross-sectional study,” medRxiv preprint (2020): 
https://www.medrxiv.org/content/10.1101/2020.04.05.20054502v2 (accessed Feb. 24, 2021). 
32 U.S. EPA, “EPA to Reexamine Health Standards for Harmful Soot,” op. cit., supra note 29. 

https://journal.chestnet.org/article/S0012-3692(18)32723-5/pdf
https://www.seas.harvard.edu/news/2021/02/deaths-fossil-fuel-emissions-higher-previously-thought
https://www.epa.gov/newsreleases/epa-reexamine-health-standards-harmful-soot-previous-administration-left-unchanged
https://www.epa.gov/newsreleases/epa-reexamine-health-standards-harmful-soot-previous-administration-left-unchanged
https://pediatrics.aappublications.org/content/pediatrics/113/Supplement_3/1037.full.pdf
https://www.medrxiv.org/content/10.1101/2020.04.05.20054502v2
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only important for new vehicles, which are designed for it, but also 
will benefit the whole fleet of legacy vehicles in the market and 
off-highway engines.”33 

v. Ultrafine particles (UFPs) are so small that they can only be detected with 
an electron microscope, and they are more usefully measured by particle 
number, not mass. They comprise more than 80% of the particles in urban 
air but are a negligible fraction of PM2.5 mass.34  

1. Studies have shown associations between UFPs and increased 
asthma symptoms, cardiovascular disease markers, and decreased 
cognitive function.35  

a. In a recent U.S. study, prenatal UFP exposure was linked to 
asthma development in children: Children whose mothers 
were exposed to high levels of UFPs during pregnancy 
were four times more likely to develop asthma than those 
whose mothers were exposed to lower levels – roughly the 
difference between a quiet street and a busy road. Most of 
the diagnoses occurred just after three years of age, and 
overall 18% of the infants developed asthma. The 
researchers took account of other factors, including the age 
of the mothers and obesity, as well as other air pollutants. 36 
37 

2. UFPs contain large amounts of toxic components, and their 
adverse health effects potential would not be predicted from their 
mass alone. Particle number, surface area, and chemical 
composition are more important than mass as a health-relevant 
metric.38 

 
33 Elana Chapman et al., “Global Market Gasoline Quality Review: Five Year Trends in Particulate 
Emission Indices,” SAE International (2021): SAE Technical Paper 2021-01-0623: 
https://saemobilus.sae.org/content/2021-01-0623/ (accessed June 17, 2021). 
34 Christina H. Fuller et al., “Indoor and outdoor measurements of particle number concentration in near-
highway homes,” Journal of Exposure Science and Environmental Epidemiology (2013): 23: p. 506: 
https://www.nature.com/articles/jes2012116.pdf (accessed Feb. 24, 2021). 
35 Ibid. 
36 Rosalind J. Wright et al., “Prenatal Ambient Ultrafine Particle Exposure and Childhood Asthma in the 
Northeastern United States,” American Journal of Respiratory and Critical Care Medicine (2021): 
https://www.atsjournals.org/doi/abs/10.1164/rccm.202010-3743OC (accessed June 11, 2021). 
37 Damian Carrington, “Asthma in toddlers linked to in-utero exposure to air pollution, study finds,” The 
Guardian (May 21, 2021): https://www.theguardian.com/environment/2021/may/21/asthma-in-toddlers-
linked-to-in-utero-exposure-to-air-pollution-ufps-study-finds (accessed June 11, 2021). 
38 Paul A. Solomon, U.S. Environmental Protection Agency, “An Overview of Ultrafine Particles in 
Ambient Air,”  
EM: The Magazine for Environmental Managers (2012): 5: pp. 20-21: 
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NERL&dirEntryId=241266 (accessed Feb. 24, 
2021). 

https://saemobilus.sae.org/content/2021-01-0623/
https://www.nature.com/articles/jes2012116.pdf
https://www.atsjournals.org/doi/abs/10.1164/rccm.202010-3743OC
https://www.theguardian.com/environment/2021/may/21/asthma-in-toddlers-linked-to-in-utero-exposure-to-air-pollution-ufps-study-finds
https://www.theguardian.com/environment/2021/may/21/asthma-in-toddlers-linked-to-in-utero-exposure-to-air-pollution-ufps-study-finds
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NERL&dirEntryId=241266
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3. There is a growing concern in the public health community about 
the contribution of UFPs to human health. Despite their modest 
mass and size, they dominate in terms of the number of particles in 
the ambient air. A particular concern about UFPs is their ability to 
reach the most distal lung regions (alveoli) and circumvent primary 
airway defenses. Moreover, UFPs have a high surface area and a 
capacity to adsorb a substantial amount of toxic organic 
compounds. Harmful systemic health effects of PM10 or PM2.5 are 
often due to the UFP fraction.39 

5. The ability of inhaled particles to be captured within the human 
body, called the deposition efficiency, is a function of particle size, 
with the particle deposition efficiency rapidly increasing as the 
particles become smaller and smaller.40  

6. UFPs can cross biological membranes, and their mobility within 
the body is thought to be high. There is considerable evidence to 
show that inhaled UFPs can gain access to the bloodstream and are 
then distributed to other organs in the body. They can even cross 
the placental barrier.41 

7. UFPs have been shown to directly translocate to the brain along 
the olfactory nerves. In addition, they can pass intact into cells, 
where they can have direct access to cytoplasmic proteins and 
organelles – for example, the mitochondria impacting the 
respiratory chain and DNA in the nucleus – enhancing the toxic 
potential of these particles.42 

8. Results indicating that particles may contribute to the overall 
oxidative stress burden of the brain are particularly troublesome, as 
these long-term health effects may accumulate over decades.43 

vi. Research also suggests that the introduction of excessive UFPs into the 
atmosphere results in surprising side effects, such as changes in the 
distribution and intensity of rainfall, causing either drought or flooding in 
extreme cases. Such drastic climate change affects the global hydrological 

 
39 Hyouk-Soo Kwon et al., “Ultrafine particles: unique physicochemical properties relevant to health and 
disease,” Experimental & Molecular Medicine (2020): 52: pp. 318-28: 
https://www.nature.com/articles/s12276-020-0405-1.pdf (accessed June 11, 2021). 
40 Felipe Rodriguez et al., “Recommendations for Post-Euro 6 Standards for Light-Duty Vehicles in the 
EU” (2019), International Council on Clean Transportation, p. 8: 
https://theicct.org/sites/default/files/publications/Post_Euro6_standards_report_20191003.pdf (accessed 
June 11, 2021). 
41 Howard, op. cit., supra note 3, pp. 12-15. 
42 Solomon, op. cit., supra note 38, p. 21. 
43 Annette Peters et al., “Translocation and potential neurological effects of fine and ultrafine particles a 
critical update,” Particle and Fibre Toxicology (2006): 3(13): https://pubmed.ncbi.nlm.nih.gov/16961926/ 
(accessed Feb. 24, 2021).  

https://www.nature.com/articles/s12276-020-0405-1.pdf
https://theicct.org/sites/default/files/publications/Post_Euro6_standards_report_20191003.pdf
https://pubmed.ncbi.nlm.nih.gov/16961926/
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cycle and thereby affects global public health both directly and 
indirectly.44 

vii. In most urban areas, on-road vehicles are the primary source of UFP 
emissions.45 These areas observe a peak in UFPs in the morning during 
rush hour associated with motor vehicle emissions and a second peak 
during the afternoon, enhanced during the summer, associated with 
photochemistry, or one slightly later in the afternoon due to rush hour 
traffic that is enhanced during cooler conditions.46 

viii. An important recent study co-authored by Nobel Prize winner Mario 
Molina found “remarkable formation of UFPs from urban traffic 
emissions”:47  

1. Photooxidation of vehicular exhaust yields abundant UFP 
precursors, and organics dominate formation of UFPs under urban 
conditions. Measurements of gaseous species inside the chamber 
showed high levels of aromatics, including toluene and C8 and C9 
aromatics.48 

2. The authors concluded: “Recognition of this source of UFPs is 
essential to assessing their impacts and developing mitigation 
policies. Our results imply that reduction of primary particles or 
removal of existing particles without simultaneously limiting 
organics from automobile emissions is ineffective and can even 
exacerbate this problem.”49 (emphasis added) 

b. The newest generation of efficient engine technology, gasoline direct injection 
(GDI), increases public exposure to gasoline PM, and thus to UFPs, including 
PAHs.50 Uncontrolled GDI engines have been found to emit 10 times more 
particles (by mass) than previous engines and more than 100 times the number of 
particles.51 

i. Vehicle exhaust, in particular that of gasoline direct injection (GDI) 
engines, contains copious amounts of particles in the size ranges with high 

 
44 Kwon et al., op. cit., supra note 39. 
45 Ibid. 
46 Solomon, op. cit., supra note 38, p. 19. 
47 Guo et al., op. cit., supra note 2. 
48 Ibid. 
49 Ibid. 
50 John M. Storey et al., Oak Ridge National Laboratory, “Novel Characterization of GDI Engine Exhaust 
for Gasoline and Mid-Level Gasoline-Alcohol Blends,” SAE International Journal of Fuels and 
Lubricants (2014): 7(2): pp. 571-79: https://www.eenews.net/assets/2014/10/02/document_cw_01.pdf 
(accessed Feb. 24, 2021). 
51 Transport & Environment, “Gasoline particulate emissions: The next auto scandal?” (2016), p. 2: 
https://www.transportenvironment.org/sites/te/files/publications/2016_10_Gasoline_particulate_emission
s_briefing_0.pdf, citing the European Commission’s Joint Research Centre: A. Mamakos et al., 
“Assessment of particle number limits for petrol vehicles” (2012): 
https://publications.jrc.ec.europa.eu/repository/handle/JRC76849 (accessed Aug. 18, 2021). 

https://www.eenews.net/assets/2014/10/02/document_cw_01.pdf
https://www.transportenvironment.org/sites/te/files/publications/2016_10_Gasoline_particulate_emissions_briefing_0.pdf
https://www.transportenvironment.org/sites/te/files/publications/2016_10_Gasoline_particulate_emissions_briefing_0.pdf
https://publications.jrc.ec.europa.eu/repository/handle/JRC76849
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deposition efficiency.52 GDI engines emit UFPs and PM at levels 
comparable to diesel engines that do not use diesel particulate filters.53 54 

1. Unlike conventional port fuel injection engines, which mix fuel and 
air prior to injection into the engine cylinders, GDI technology 
involves spraying the fuel directly into the cylinders, allowing for 
higher compression ratios – which enable higher combustion 
efficiencies, enhanced fuel economy and reduced CO2 emissions. 
However, similar to diesel engines, the direct injection of fuel in 
GDI engines creates fuel-rich pockets near the injection zone, 
conducive to formation of carbonaceous PM, especially black 
carbon. GDI engines emit larger amounts of black carbon than 
conventional engines, as has been confirmed by several laboratory 
studies.55 

ii. GDI was used in fewer than 3% of vehicles as recently as model year 2008 
but was projected to be used in more than 55% of vehicles in model year 
2020.56 

1. This shift to GDI engines is predicted to nearly double annual 
deaths in the U.S. from gasoline-vehicle particulate emissions – 
according to one estimate, from 855 to 1,599 deaths a year.57 

iii. Emissions from GDI engines can be mitigated by changes in operating 
parameters,58 by the addition of gasoline particulate filters59 (both with 

 
52 Rodriguez et al., op. cit., supra note 40. 
53 Rich Kassel et al., Gladstein, Neandross & Associates, “Ultrafine Particulate Matter and the Benefits of 
Reducing Particle Numbers in the United States,” A Report to the Manufacturers of Emission Controls 
Association (MECA) (2013): p. 8: 
http://www.meca.org/resources/meca_ufp_white_paper_0713_final.pdf (accessed Feb. 24, 2021). 
54 Kwon et al., op. cit., supra note 39. 
55 Soroush E. Neyestani et al., “Direct Radiative Effect and Public Health Implications of Aerosol 
Emissions Associated with Shifting to Gasoline Direct Injection (GDI) Technologies in Light-Duty 
Vehicles in the United States,” Environmental Science & Technology (2020): 54(2): pp. 687-96: 
https://pubs.acs.org/doi/full/10.1021/acs.est.9b04115 (accessed Feb. 24, 2021), quoted in Green Car 
Congress, “UGA study finds black carbon aerosols from GDI engines will worsen public health, climate; 
need for GPFs”: https://www.greencarcongress.com/2020/01/20200125-uga.html (accessed Feb. 24, 
2021). 
56 U.S. Environmental Protection Agency, “Manufacturers continue to adopt a wide array of advanced 
technologies,” in “Highlights of the Automotive Trends Report,” online fact sheet: 
https://www.epa.gov/automotive-trends/highlights-automotive-trends-report#Highlight5 (accessed Feb. 
24, 2021). 
57 Raza et al., op. cit., supra note 25: p. 5. 
58 Xin He et al., “Effects of Gasoline Direct Injection Engine Operating Parameters on Particle Number 
Emissions,” Energy & Fuels (2012): 26(4): pp. 2014-27: https://pubs.acs.org/doi/pdf/10.1021/ef201917p 
(accessed Feb. 24, 2021). 
59 Ray J Minjares and Francisco Posada Sanchez, The International Council on Clean Transportation, 
“Estimated Cost of Gasoline Particulate Filters” (2011): p. 1: 
https://theicct.org/sites/default/files/publications/GFPworkingpaper2011.pdf (accessed Feb. 24, 2021). 

http://www.meca.org/resources/meca_ufp_white_paper_0713_final.pdf
https://pubs.acs.org/doi/full/10.1021/acs.est.9b04115
https://www.greencarcongress.com/2020/01/20200125-uga.html
https://www.epa.gov/automotive-trends/highlights-automotive-trends-report#Highlight5
https://pubs.acs.org/doi/pdf/10.1021/ef201917p
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potential costs to vehicle efficiency), or by a reduction in aromatic 
content.  

c. There is a strong link between PM emissions from GDI engines and the 
composition and properties of the gasoline, chiefly the aromatic content of the 
fuel: High levels of aromatics lead to a higher level of PM emissions.60  

i. Aromatic compounds are harder to evaporate and slower to decompose 
than other hydrocarbons. Aromatics also may decompose into compounds 
such as acetylenes which serve as precursors for the formation of a 
benzene ring.61  

ii. High levels of aromatic components in fuel have been conclusively shown 
to increase PM emissions measured by particle number, an aromatic ring 
being an early stage of the fundamental particulate formation process.62 
 

4. Emissions from aromatics: Secondary organic aerosol (SOA) 
a. Organic aerosol is a major component of fine particle pollution. Primary organic 

aerosol (POA) is directly emitted from fossil fuel combustion and other sources, 
while secondary organic aerosol (SOA) is formed from the oxidation of these 
emissions in the air.63 

i. Tailpipe emissions from on-road gasoline vehicles are an important source 
of SOA in urban environments, where SOA concentrations often exceed 
POA levels. For most vehicles, SOA formation exceeds POA emissions 
after a few hours of atmospheric oxidation. Controlling SOA precursor 
emissions is necessary to reduce human exposure to fine particulate 
matter.64 

ii. A study of SOA formation during a severe photochemical smog event in 
Los Angeles found that exhaust from gasoline engines represented the 
single-largest anthropogenic source of SOA, and SOA in turn has been 
shown to be a large fraction, if not the largest, of gasoline vehicular PM.65 

b. According to EPA’s 2011 National Air Toxics Assessment, secondary formation 
is the largest contributor to cancer risks nationwide, accounting for 47% of the 

 
60 Raza et al., op. cit., supra note 25: p. 13. 
61 Mohammad Fatouraie et al., “Investigation of the Impact of Fuel Properties on Particulate Number 
Emission of a Modern Gasoline Direct Injection Engine,” SAE Technical Paper 2018-01-0358 (2018), p. 
9: https://www.nrel.gov/docs/fy18osti/71483.pdf (accessed Feb. 24, 2021). 
62 Raza et al., op. cit., supra note 25: p. 18. 
63 J. L. Jiminez et al., "Evolution of Organic Aerosols in the Atmosphere,” Science (2009): 326(5959): pp. 
1525-29: https://science.sciencemag.org/content/326/5959/1525 (accessed Feb. 24, 2021). 
64 Yunliang Zhao et al., "Reducing secondary organic aerosol formation from gasoline vehicle exhaust,” 
Proceedings of the National Academy of Sciences of the United States of America (2017): 114(27): pp. 
6984–89: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5502599/ (accessed Feb. 24, 2021). 
65 Michael J. Kleeman et al., "Source apportionment of secondary organic aerosol during a severe 
photochemical smog episode,” Atmospheric Environment (2007): 41(3): pp. 576-91: 
https://www.sciencedirect.com/science/article/abs/pii/S1352231006008582?via%3Dihub (accessed Feb. 
24, 2021). 
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risk. On-road mobile sources contribute the most cancer risk from directly emitted 
pollutants (about 18%) and the most to non-cancer risks (34%).66 

i. A recent study found higher toxicity in combustion aerosols than non-
combustion aerosols, with emissions from vehicle engine exhaust scoring 
higher on overall toxicity than even those from coal combustion.67 

c. EPA said in 2005: “Aromatic compounds … are considered to be the most 
significant anthropogenic SOA precursors and have been estimated to be 
responsible for 50 to 70% of total SOA in some airsheds. … The experimental 
work of Odum and others showed that the secondary organic aerosol formation 
potential of gasoline could be accounted for solely in terms of its aromatic 
fraction.”68 (emphasis added) 

i. The effect of aromatics on SOA does not seem to be linear: Increasing the 
level of aromatics in test fuels by less than 30% (from 28.5% to 36.7%) 
was shown to cause a 3- to 6-fold increase in SOA formation.69 

d. One study estimated that SOA from aromatics in gasoline is responsible for 3,800 
annual premature deaths and annual social costs of $28.2 billion in 2006 dollars.70 

i. Those mortality numbers can be compared to the impact of EPA ozone 
regulation, a major focus of the Clean Air Act – predicted to reduce 
premature mortalities by 4,300-7,100 deaths per year.71  

e. Ozone “forms in the atmosphere through a series of complex, non-linear chemical 
interactions of precursor pollutants.”72 The cost of ozone regulation has been 

 
66 U.S. Environmental Protection Agency, “Overview of EPA’s 2011 National Air Toxics Assessment,” 
online fact sheet (2015): https://www.epa.gov/sites/production/files/2015-12/documents/2011-nata-fact-
sheet.pdf (accessed Feb. 24, 2021). 
67 Minhan Park et al., “Differential toxicities of fine particulate matters from various sources,” Nature, 
Scientific Reports (2018): 8(17007): https://www.nature.com/articles/s41598-018-35398-0 (accessed Feb. 
24, 2021). 
68 Daniel Grosjean and John H. Seinfeld, “Parameterization of the formation potential of secondary 
organic aerosols,” Atmospheric Environment (1967): 23(8): pp. 1733-47: 
https://www.sciencedirect.com/science/article/abs/pii/0004698189900589 (accessed Feb. 24, 2021) and 
J.R. Odum et al., “The atmospheric aerosol-forming potential of whole gasoline vapor,” Science (1997): 
276(5309): pp. 96-9: https://pubmed.ncbi.nlm.nih.gov/9082994/ (accessed Feb. 24, 2021), cited in U.S. 
Environmental Protection Agency, “Proposed Rule To Implement the Fine Particle National Ambient Air 
Quality Standards,” Federal Register (2005): 70(210): p. 65996: 
https://www.govinfo.gov/content/pkg/FR-2005-11-01/pdf/05-20455.pdf (accessed Feb. 24, 2021). 
69 Jianfei Peng et al., “Gasoline aromatics: a critical determinant of urban secondary organic aerosol 
formation,” Atmospheric Chemistry and Physics (2017): 17: pp. 10743-52: https://www.atmos-chem-
phys.net/17/10743/2017/acp-17-10743-2017.pdf (accessed Feb. 24, 2021). 
70 von Stackelberg et al., op. cit., supra note 24: 
https://ehjournal.biomedcentral.com/articles/10.1186/1476-069X-12-19 (accessed Feb. 24, 2021). 
71 U.S. Environmental Protection Agency, “Clean Air Act Overview: Progress Cleaning the Air and 
Improving People's Health,” online fact sheet: https://www.epa.gov/clean-air-act-overview/progress-
cleaning-air-and-improving-peoples-health (accessed Feb. 24, 2021). 
72 U.S. Environmental Protection Agency, “The Benefits and Costs of the Clean Air Act from 1990 to 
2020” (2011): p. 4-2: https://www.epa.gov/sites/production/files/2015-07/documents/fullreport_rev_a.pdf 
(accessed Feb. 24, 2021). 
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estimated to be more than $14 billion annually,73 with benefits of more than $55 
billion per year.74  

i. Many air toxics contribute to ozone formation, especially aromatics, so 
there is a double benefit to reducing them.75 However, an EPA assessment 
of the Clean Air Act found approximately 98% of avoided premature 
mortalities were due to reductions in PM concentrations, not ozone.”76 77  
 

5. Emissions from aromatics: Polycyclic aromatic hydrocarbons (PAHs) 
a. Not all particles are alike – some may be benign, while others are clearly toxic. 

Polycyclic aromatic hydrocarbons (PAHs) are among the worst. EPA has 
classified seven PAHs as probable human carcinogens.78 

i. The Occupational Safety and Health Administration has set a limit of 0.2 
milligrams of PAHs per cubic meter of air (0.2 mg/m3).79 

b. A subset of polycyclic organic matter (POM), PAHs consist of three to seven 
benzene rings. The PAH family includes more than 100 different compounds of a 
similar chemical nature, all products of incomplete combustion of organic 
materials. Among all sources, vehicular exhaust is the major source for PAH air 
pollution in most urban areas.80 81 

c. Complex mixtures of various PAH compounds are spread with the wind in the 
environment, where their presence poses a risk to human health through ingestion 
and inhalation. PAHs do not easily degrade in the environment – they undergo 
long-distance transport and accumulate in aquatic sediment, where some of them 
pose a threat to aquatic life.82 

d. PAHs are commonly divided into two categories based on their size. PAHs with 
two to three fused aromatic rings are considered low molecular weight PAHs, 

 
73 Ibid., p. 3-8. 
74 Ibid., p. 7-5. 
75 Ibid., p. 1-11 
76 Barnes and Becker, op. cit., supra note 19. 
77 U.S. EPA, “The Benefits and Costs of the Clean Air Act,” op. cit., supra note 72, p. 8-12. 
78 U.S. Environmental Protection Agency, “Polycyclic Organic Matter,” online fact sheet: 
https://www.epa.gov/sites/production/files/2016-09/documents/polycyclic-organic-matter.pdf (accessed 
June 17, 2021). 
79 Agency for Toxic Substances and Disease Registry, U.S. Department of Health and Human Services, 
“ToxFAQs for Polycyclic Aromatic Hydrocarbons (PAH)” (1996): 
https://www.atsdr.cdc.gov/toxfaqs/tfacts69.pdf (accessed Feb. 24, 2021). 
80 U.S. EPA, “Polycyclic Organic Matter,” op. cit., supra note 78. 
81 Z. Fan and L. Lin, “PAHs” in “Exposure Science: Contaminant Mixtures,” Encyclopedia of 
Environmental Health (Second Edition) (2011), Elsevier Reference Collection in Earth Systems and 
Environmental Sciences: pp. 805-15: https://www.sciencedirect.com/topics/earth-and-planetary-
sciences/polycyclic-aromatic-hydrocarbon (accessed June 21, 2021). 
82 Popek, op. cit., supra note 8: pp. 58-59. 

https://www.epa.gov/sites/production/files/2016-09/documents/polycyclic-organic-matter.pdf
https://www.atsdr.cdc.gov/toxfaqs/tfacts69.pdf
https://www.sciencedirect.com/science/referenceworks/9780444639523
https://www.sciencedirect.com/science/referenceworks/9780444639523
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polycyclic-aromatic-hydrocarbon
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polycyclic-aromatic-hydrocarbon


 

15 
 

while those with four and more fused rings are high molecular weight PAHs, 
including the most carcinogenic PAH, benzo[a]pyrene (BaP).83 

i. The larger PAHs are of greatest concern for human health due to their 
recalcitrance to degradation, persistence, bioaccumulation, 
carcinogenicity, genotoxicity and mutagenicity.84 Since these high 
molecular weight PAHs exist almost exclusively on fine particles, they 
travel deep into the human respiratory system and pose a serious health 
risk.85 

ii. More than 95% of the lung deposition of PAHs is due to fine particles, and 
ultrafine particles are responsible for 10 times more PAH deposition in the 
alveolar region than their share of PM mass.86 

e. Combustion of vehicle fuels appears to be the principal source of inhalation 
exposure for the larger PAHs, such as BaP, that are associated with particulate 
matter.87 

i. BaP is one of 12 Level 1 priority compounds among the “toxic, persistent 
and bioaccumulative” chemicals targeted for “virtual elimination” by the 
Great Lakes Binational Toxics Strategy signed by the U.S and Canada in 
1997.88 It is almost entirely produced by vehicular emissions.89 

f. Motor vehicles account for as much as 90% of the particle-bound PAH mass in 
the urban air of major metropolitan areas. Roadway tunnel and dynamometer 
studies have shown that diesel vehicle emissions are rich in the lower molecular 

 
83 Stephen Richardson, “Polycyclic Aromatic Hydrocarbons (PAH)”: 
https://www.enviro.wiki/index.php?title=Polycyclic_Aromatic_Hydrocarbons_(PAHs) (accessed Feb. 24, 
2021). 
84 M.N. Igwo-Ezikpe et al., “High Molecular Weight Polycyclic Aromatic Hydrocarbons Biodegradation 
by Bacteria Isolated from Contaminated Soils in Nigeria,” Research Journal of Environmental Sciences 
(2010): 4: pp. 127-37: https://scialert.net/fulltext/?doi=rjes.2010.127.137 (accessed Feb. 24, 2021). 
85 Yan Lv et al., “Size distributions of polycyclic aromatic hydrocarbons in urban atmosphere: sorption 
mechanism and source contributions to respiratory deposition,” Atmospheric Chemistry and Physics 
(2016): 16: p. 2976: https://acp.copernicus.org/articles/16/2971/2016/acp-16-2971-2016.pdf (accessed 
Feb. 24, 2021). 
86 Youhei Kanawaka et al., “Size Distributions of Polycyclic Aromatic Hydrocarbons in the Atmosphere 
and Estimation of the Contribution of Ultrafine Particles to Their Lung Deposition,” Environmental 
Science & Technology (2009): 43(17): p. 6855: https://pubmed.ncbi.nlm.nih.gov/19764259 (accessed 
Feb. 24, 2021). 
87 Health Effects Institute Air Toxics Review Panel, “Polycyclic Organic Matter” in Mobile-Source Air 
Toxics: A Critical Review of the Literature on Exposure and Health Effects, HEI Special Report 16 
(2007): pp. 117-33: https://www.healtheffects.org/system/files/SR16-Polycyclic_Organic_Matter.pdf 
(accessed Feb. 24, 2021). 
88 The Great Lakes Binational Toxics Strategy: Canada - United States Strategy for the Virtual 
Elimination of Persistent Toxic Substances in the Great Lakes: U.S. Environmental Protection Agency 
archive document (1997): https://archive.epa.gov/greatlakes/p2/web/pdf/bnssign.pdf (accessed Feb. 24, 
2021). 
89 Lv et al., op. cit., supra note 85, pp. 2978-79. 
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weight PAHs, whereas the higher molecular weight PAHs (of greatest concern for 
human health) are associated with gasoline vehicle emissions.90 91 

i. In a tunnel study, for example, diesel trucks were the major source of 
lighter PAHs, whereas light-duty gasoline vehicles were the dominant 
source of higher molecular weight PAHs, such as BaP. PAH emissions 
from gasoline were almost entirely ultrafine particles (UFPs).92 

1. Only the high molecular weight aromatics markedly affect particle 
number.93 

2. As the molecular weight of a specific PAH increases, the 
carcinogenicity of PAHs also increases.94  

3. A comparison of PM2.5 with smaller particles attributed about 86% 
of the total carcinogenic potency to the PM1 fraction (particles 
smaller than 1 micrometer in diameter).95 

4. UFPs contain a higher percentage of organic carbon than fine and 
coarse particles, which is relevant to their biologic potency, and the 
enhanced biologic potency of UFPs is correlated with the PAH 
content.96 

ii. Just as with SOA, the effect of aromatics on PAH formation does not seem 
to be linear: Increasing the aromaticity of the fuel by 12% to 46% was 
found to increase PAH emissions by 8 to 74%.97  

 
90 A. Polidori et al., “Real-time characterization of particle-bound polycyclic aromatic hydrocarbons in 
ambient aerosols and from motor-vehicle exhaust,” Atmospheric Chemistry and Physics (2008): 8: pp. 
1277-91: https://www.atmos-chem-phys.net/8/1277/2008/acp-8-1277-2008.pdf (accessed Feb. 24, 2021). 
91 Douglas R. Lawson et al., “DOE’s Gasoline/Diesel PM Split Study” (2004), PowerPoint presentation: 
https://www.energy.gov/sites/prod/files/2014/03/f9/2004_deer_lawson.pdf (accessed Feb. 24, 2021). 
92 Antonio H. Miguel et al., “On-Road Emissions of Particulate Polycyclic Aromatic Hydrocarbons and 
Black Carbon from Gasoline and Diesel Vehicles,” Environmental Science & Technology (1998): 32(4): 
pp. 450-55: https://pubs.acs.org/doi/10.1021/es970566w (accessed Feb. 24, 2021). 
93 Fatouraie et al., op. cit., supra note 61. 
94 Khaiwal Ravindra et al., “Atmospheric polycyclic aromatic hydrocarbons: Source attribution, emission 
factors and regulation,” Atmospheric Environment (2008): 42(13): pp. 2895-2921: 
https://www.sciencedirect.com/science/article/abs/pii/S1352231007011351 (accessed Feb. 24, 2021). 
95 Gordana Pehnec and Ivana Jakovljević, “Carcinogenic Potency of Airborne Polycyclic Aromatic 
Hydrocarbons in Relation to the Particle Fraction Size,” International Journal of Environmental Research 
and Public Health (2018): 15(11), p. 2485: https://www.mdpi.com/1660-4601/15/11/2485/htm (accessed 
Feb. 24, 2021). 
96 Ning Li et al., “Ultrafine Particulate Pollutants Induce Oxidative Stress and Mitochondrial Damage,” 
Environmental Health Perspectives (2003): 111(4): p. 459: 
https://ehp.niehs.nih.gov/doi/pdf/10.1289/ehp.6000 (accessed Feb. 24, 2021). 
97 M.R. Guerin, Oak Ridge National Laboratory, “Energy Sources of Polycyclic Aromatic Hydrocarbons” 
(1977): p. 16: https://www.osti.gov/servlets/purl/7303055 (accessed Feb. 24, 2021), referencing: National 
Research Council, “Particulate Polycyclic Organic Matter” (1972): 
https://www.nap.edu/catalog/20453/particulate-polycyclic-organic-matter (accessed Feb. 24, 2021), citing 
G.P. Gross, “First Annual Report on Gasoline Composition and Vehicle Exhaust Gas Polynuclear 
Aromatic Content,” U.S. Department of Health, Education, and Welfare (1970), and Charles R. Begeman 
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iii. The presence of PAHs has a large effect on SOA formation – increasing 
mass loadings by factors of two to five, and particle number 
concentrations, in some cases, by more than a factor of 100.98 
 

 Note: The effect of aromatics on pollution and human health is thus magnified 
twice over: Aromatics lead disproportionately to PAH formation, and PAHs lead 
disproportionately to SOA formation. Worse yet, PAHs hitch a ride on SOA for 
long distances and weaponize these particles as they travel through the human 
body. 
 

g. Groundbreaking research at Pacific Northwest National Laboratory (PNNL) has 
led to new understanding of the process by which PAHs persist and are 
transported long distances. It was shown that the most carcinogenic PAH, 
benzo[a]pyrene (BaP) – often used as a marker for PAH content generally – is 
efficiently bound to and transported with atmospheric particles: 

i. In the laboratory, particle-bound BaP degrades in a few hours, but field 
observations indicate it persists much longer in the atmosphere and is 
transported far from its sources – increasing its global lung cancer risk as 
much as fourfold. BaP from East Asia, for example, has been shown to 
travel thousands of miles over the Pacific Ocean, reaching the west coast 
of the United States.99 

ii. When SOA particles are formed in the presence of gas-phase PAHs, their 
formation and properties are significantly different from SOA particles 
formed without PAHs: They exhibit slower evaporation kinetics and have 
higher fractions of non-volatile components and higher viscosities, 
assuring their longer atmospheric lifetimes. This increased viscosity and 
decreased volatility act as a shield that protects PAHs from chemical 
degradation and evaporation, allowing for their long-range transport.100 

h. Based on numerous experimental studies, PAHs are also widely accepted to be 
precursors for soot, or black carbon – a major contributor to climate change.101 102 

 
and Joseph M. Colucci, “Polynuclear Aromatic Hydrocarbon Emissions from Automotive Engines,” SAE 
Transactions 79 (1970), p. 1685: www.jstor.org/stable/44716200 (accessed Feb. 24, 2021). 
98 Zelenyuk et al., op. cit., supra note 6.  
99 Manish Shrivastava et al., “Global long-range transport and lung cancer risk from polycyclic aromatic 
hydrocarbons shielded by coatings of organic aerosol,” Proceedings of the National Academy of 
Sciences (2017): 114(6): pp. 1246-51: https://www.pnas.org/content/114/6/1246 (accessed Feb. 24, 2021). 
100 Zelenyuk et al., op. cit., supra note 6.  
101 H. Richter and J.B. Howard, “Formation of polycyclic aromatic hydrocarbons and their growth to soot 
– a review of chemical reaction pathways,” Progress in Energy and Combustion Science (2000): 26(4-6), 
pp. 565-608: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.467.9757&rep=rep1&type=pdf 
(accessed Feb. 24, 2021). 
102 Qian Mao et al., “Formation of incipient soot particles from polycyclic aromatic hydrocarbons,” 
Carbon (2017): 121: pp. 380-88: https://www.sciencedirect.com/science/article/pii/S0008622317305766 
(accessed Feb. 24, 2021). 
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Products of toluene combustion (one of the BTEX aromatics) are known 
precursors of PAHs that are involved in soot formation.103 

i. Black carbon is considered the second most important human emission in 
terms of climate forcing; only carbon dioxide (CO2) has a greater overall 
effect. The short-term (20-year) global warming potential per ton of black 
carbon is 3200 times that of CO2.  

1. Black carbon emissions associated with the shift to GDI engines 
will lead to increased warming over the U.S., especially in urban 
regions.104 

ii. However, black carbon is rapidly removed from the atmosphere by 
deposition, and its atmospheric concentrations respond quickly to 
reductions in emissions. Reductions in black carbon are thus an attractive 
near-term mitigation strategy to slow the rate of climate change.105 

 
6. EPA’s modeling – Part 1 

a. EPA has long acknowledged its modeling shortcomings in this area. Noting that 
“SOA continues to be a significant topic of research and investigation,” it said in 
2005: “Despite significant progress that has been made in understanding the 
origins and properties of SOA, it remains the least understood component of 
PM2.5.”106 

i. Atmospheric models have been found to underestimate SOA emissions by 
an order of magnitude or more when applied in and downwind of urban 
areas/polluted regions.107 108 (emphasis added) 

b. EPA’s summary of a 2015 workshop on UFPs contained this admission, based on 
the PNNL research described above, unpacking the implications of its knowledge 
gap:  

 
103 Gabriel da Silva et al., “Toluene Combustion: Reaction Paths, Thermochemical Properties, and Kinetic 
Analysis for the Methylphenyl Radical + O2 Reaction,” The Journal of Physical Chemistry A (2007): 
111(35): pp. 8663-76: https://pubmed.ncbi.nlm.nih.gov/17696501/ (accessed Feb. 24, 2021). 
104 Raza et al., op. cit., supra note 25: p. 5. 
105 T.C. Bond et al., “Bounding the role of black carbon in the climate system: A scientific assessment,” 
Journal of Geophysical Research Atmospheres (2013): 118(11): pp. 5380-5552: 
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/jgrd.50171 (accessed Feb. 24, 2021). 
106 U.S. Environmental Protection Agency, “Proposed Rule To Implement the Fine Particle National 
Ambient Air Quality Standards,” Federal Register (2005): 70(210): p. 65997: 
https://www.govinfo.gov/content/pkg/FR-2005-11-01/pdf/05-20455.pdf (accessed Feb. 24, 2021). 
107 Q. Zhang et al., "Ubiquity and dominance of oxygenated species in organic aerosols in 
anthropogenically‐influenced Northern Hemisphere midlatitudes,” Geophysical Research Letters (2007): 
34(13), L13801: https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2007GL029979 (accessed Feb. 
24, 2021). 
108 Allen H. Goldstein and Ian E. Galbally, “Known and Unexplored Organic Constituents in the Earth's 
Atmosphere,” Environmental Science & Technology (2007): 41(5): pp. 1515-21: 
https://pubs.acs.org/doi/10.1021/es072476p  
(accessed Feb. 24, 2021). 
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i. “[SOA] particles play an important role in air quality but for many years 
available atmospheric models were not able to predict SOA formation. 
The main issue was the fact that all models relied on the assumptions that 
SOA particles were well-mixed low viscosity solutions and maintained 
equilibrium with the gas-phase by rapid mixing in the condensed phase 
with evaporation and condensation. Recent studies using the 
multidimensional characterization approach demonstrated that these 
assumptions were wrong and that SOA particles must be viscous semi-
solid. These studies showed also that there is a synergetic effect between 
PAHs and SOA since PAHs trapped inside the SOA particles slow down 
SOA evaporation and increase SOA yield and lifetime. This can explain 
the long-range transport of toxic compounds like PAHs and other 
persistent pollutants. In conclusion, a new SOA paradigm has been 
developed.”109 (emphasis added) 
 

 Note: The modeling that EPA has used to assess and regulate SOA emissions was 
thus based on erroneous assumptions and completely missed the scale of the 
problem. The significance of this failure is heightened by the finding in the 2011 
National Air Toxics Assessment that secondary formation is the largest 
contributor of all sources to cancer risks nationwide, accounting for 47% of the 
risk.110 
 

c. EPA sets air standards for PM2.5 based on mass,111 when the more important 
measure of health risk may be the number of extremely lightweight ultrafine 
particles. 

i. This is particularly important because gasoline direct-injection (GDI) 
engines (the new automotive norm) emit a higher level of PM emissions 
measured by particle number than the prior technology, port fuel injection 
engines.112 

d. EPA’s assessment of the health risks of PAHs, as reflected in its modeling 
protocols, is also based on a limited sample of the PAH universe. This approach 
understates the total carcinogenic potency of PAHs by an estimated 85.6%.113 

 
 

109 Richard W. Baldauf et al., “Ultrafine Particle Metrics and Research Considerations: Review of the 
2015 UFP Workshop,” International Journal of Environmental Research and Public Health (2016): 
13(11): p. 13: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5129264/pdf/ijerph-13-01054.pdf 
(accessed Feb. 24, 2021). 
110 U.S. EPA, “Overview of EPA’s 2011 National Air Toxics Assessment,” op. cit., supra note 66. 
111 U.S. Environmental Protection Agency, “National Ambient Air Quality Standards (NAAQS) for PM,” 
online fact sheet: https://www.epa.gov/pm-pollution/national-ambient-air-quality-standards-naaqs-pm 
(accessed Feb. 24, 2021). 
112 Raza et al., op. cit., supra note 25: p. 1. 
113 Vera Samburova et al., "Do 16 Polycyclic Aromatic Hydrocarbons Represent PAH Air Toxicity?”, 
Toxics (2017): 5(3): 17: https://www.mdpi.com/2305-6304/5/3/17/htm (accessed Feb. 24, 2021). 
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7. Health effects of PAH exposure 
a. Toxic air pollutants can affect health and functioning over the course of life by 

launching a trajectory of adverse effects related to the initial physical or 
developmental impairment, and/or by “seeding” latent disease that becomes 
evident only in later life.114 

b. In cells UFPs have been found to induce heme oxygenase-1 (HO-1) expression, a 
sensitive marker for oxidative stress, directly correlated with the high organic 
carbon and PAH content of UFPs. Oxidative stress is associated with numerous 
diseases, including cardiovascular disease, hypertension, and diabetes.115 

c. Fetal exposure to PAHs, as measured by prenatal air monitoring for the marker 
PAH benzo[a]pyrene during the third trimester of pregnancy, was assessed in a 
long-term observational epidemiological study in New York. Exposure levels 
were characterized relative to a median of 2.66 nanograms per cubic meter 
(ng/m3) – that is, 100,000 times less than the OSHA air standard of 0.2 mg/m3.116  
(A nanogram is one-millionth of a milligram.)  

i. Fetal exposure above the median was associated with developmental delay 
at age 3 years and reduced IQ at age 5 years, as well as increased anxiety 
and depression, possibly by interfering with knowledge acquisition or 
slowing cognitive processing.117 The observed decrease in full-scale IQ is 
similar to that reported for children with elevated concentrations of lead in 
their blood.118 

1. The effects of lead exposure include neurological effects in 
children and cardiovascular effects (e.g., high blood pressure and 
heart disease) in adults. Infants and young children are especially 
sensitive to even low levels of lead, which may contribute to 
behavioral problems, learning deficits, and lowered IQ.119 

ii. DNA adducts are a form of DNA damage caused by attachment of a 
chemical entity to DNA. Adducts that are not removed by the cell can 

 
114 Frederica P. Perera, “Multiple Threats to Child Health from Fossil Fuel Combustion: Impacts of Air 
Pollution and Climate Change,” Environmental Health Perspectives (2017): 125(2): p. 145: 
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115 Li et al., op. cit., supra note 96: p. 455. 
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Outcomes in a Multiethnic Population,” Environmental Health Perspectives (2003): 111(2): p. 203: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1241351/pdf/ehp0111-000201.pdf (accessed Feb. 24, 
2021). 
117 Frederica P. Perera et al., “Prenatal Polycyclic Aromatic Hydrocarbon (PAH) Exposure and Child 
Behavior at Age 6–7 Years,” Environmental Health Perspectives (2012): 120(6): pp. 921-26: 
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118 Perera et al., “Prenatal Airborne Polycyclic Aromatic Hydrocarbon Exposure and Child IQ at Age 5 
Years,” op. cit., supra note 7. 
119 Texas Commission on Environmental Quality, “Air Pollution from Lead,” online fact sheet: 
https://www.tceq.texas.gov/airquality/sip/criteria-pollutants/sip-lead (accessed Feb. 24, 2021). 
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cause mutations that may give rise to cancer.120 The formation of PAH-
DNA adducts has been widely studied in experimental models and has 
been documented in human tissues.121 Higher levels of PAH-DNA adducts 
found in umbilical cord blood were associated with reduced scores on 
neurocognitive tests.122 

d. A long-term study in California also found an association between exposure to 
airborne PAHs during the last 6 weeks of pregnancy and early preterm birth – 
with median exposure at the extremely low level of 3.6 ng/m3.123  

i. Preterm birth is a predictor of infant mortality and later-life morbidity. 
Despite recent declines, the rate of preterm birth remains high in the U.S. 
Research increasingly suggests a possible relationship between a mother's 
exposure to common air pollutants, including PM2.5 and preterm birth of 
her baby. 124 

 
II. Thirty years ago Congress required EPA to control these hazardous air pollutants to 

the greatest degree achievable, yet aromatics still comprise a fifth of the nation’s 
gasoline supply, amounting to more than 25 billion gallons a year.  

 
1. EPA’s response to a legislative mandate 

a. The Clean Air Act Amendments of 1990 contained the following requirement, 
codified as Section 202(l)(2) of the Clean Air Act, Mobile source-related air 
toxics - Standards:  
“Within 54 months after November 15, 1990, the [EPA] Administrator shall … 
promulgate (and from time to time revise) regulations … containing reasonable 
requirements to control hazardous air pollutants from motor vehicles and motor 
vehicle fuels. The regulations shall contain standards for such fuels or vehicles, or 
both, which the Administrator determines reflect the greatest degree of emission 
reduction achievable through the application of technology which will be 
available, taking into consideration the standards established under subsection (a), 

 
120 “DNA adducts,” Nature.com: https://www.nature.com/subjects/dna-adducts (accessed Feb. 24, 2021). 
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the availability and costs of the technology, and noise, energy, and safety factors, 
and lead time.”125 (emphasis added) 

i. Congress made its intent clear by specifically naming the BTEX aromatics 
(benzene, toluene, ethylbenzene, and xylenes), along with polycyclic 
organic matter, as hazardous air pollutants.126 

ii. Additionally, in the section requiring reformulated gasoline in areas with 
high summertime ozone levels, the statute requires “the greatest reduction 
in … emissions of toxic air pollutants (during the entire year) achievable 
through the reformulation of conventional gasoline” – with the term “toxic 
air pollutants” specifically defined as including polycyclic organic matter 
(POM).127 

iii. As EPA recently noted in its proposed rule setting new GHG standards for 
light-duty vehicles, the agency’s obligation to act under this section is 
mandatory.128  

b. In the 30 years since the law was enacted, EPA has issued specific regulations on 
the subject of mobile source air toxics (MSATs) only twice – putting modest 
limits on benzene emissions in 2001 and on the benzene content of gasoline in 
2007, but largely deferring action on the others. 

i. The 2001 rule did list the BTEX aromatics as mobile source air toxics and 
noted that mobile sources accounted for more than 75% of total national 
emissions in each instance. Also listed was polycyclic organic matter: A 
group of seven PAHs, “which have been identified by EPA as probable 
human carcinogens” – including BaP – were used as surrogates for the 
larger group of POM compounds. Mobile sources were said to account for 
only 6% of total national emissions – but as measured by mass, not 
particle number.129 

c. Congress reiterated its 1990 mandate in the Energy Policy Act of 2005: "Not later 
than July 1, 2007, the [EPA] Administrator shall promulgate final regulations to 
control hazardous air pollutants from motor vehicles and motor vehicles fuels ... 
as authorized under section 202(l) of the Clean Air Act.”130 
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https://www.law.cornell.edu/uscode/text/42/7412 (accessed Feb. 24, 2021). 
127 42 U.S. Code, sec. 7545, “Regulation of fuels,” at (k)(1)(A) and (k)(10)(c): P.L. 101-549, sec. 219, 
enacted Nov. 15, 1990: https://www.law.cornell.edu/uscode/text/42/7545 (accessed June 17, 2021). 
128 U.S. Environmental Protection Agency, “Revised 2023 and Later Model Year Light-Duty Vehicle 
Greenhouse Gas Emissions Standards,” Federal Register (2021): 86(151): p. 43751: 
https://www.govinfo.gov/content/pkg/FR-2021-08-10/pdf/2021-16582.pdf (accessed Aug. 18, 2021). 
129 U.S. EPA, “Control of Emissions of Hazardous Air Pollutants from Mobile Sources” (2001), op. cit., 
supra note 22. 
130 Energy Policy Act of 2005, P.L. 109-58, “Elimination Of Oxygen Content Requirement For 
Reformulated Gasoline,” sec. 1504(b)(1)(vi): https://www.congress.gov/109/plaws/publ58/PLAW-
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i. EPA issued its 2007 mobile-source rule in response to this congressional 
directive. It acknowledged that “Recent studies have found that maternal 
exposures to PAHs in a population of pregnant women were associated 
with several adverse birth outcomes, including low birth weight and 
reduced length at birth, as well as impaired cognitive development at age 
three.”131  

1. But EPA took no action, saying that, according to its model, 
emissions of polycyclic organic matter “correlate directly with VOC 
emissions” and thus would decline as VOC emissions decline132 – 
failing to anticipate the contrary effect of new GDI engine 
technology, noted above. 

ii. In proposing the rule, the agency also acknowledged “limited data that 
suggest that aromatic compounds (toluene, xylene, and benzene) react 
photochemically in the atmosphere to form secondary particulate matter 
(in the form of secondary organic aerosol (SOA)), although our current 
modeling tools do not fully reflect this.”133 (emphasis added)  

1. The rule’s Regulatory Impact Analysis said: “The issue of SOA 
formation from aromatic precursors is an important one to which 
EPA and others are paying significant attention. Due to the large 
contribution of mobile source emissions to overall aromatic levels 
in the atmosphere, this issue is a crucial one for assessing what 
further reductions are possible in mobile source PM.”134 (emphasis 
added) 

iii. In the final rule, EPA said: “There may be compelling reasons to consider 
aromatics control in the future, especially regarding reduction in 
secondary PM2.5 emissions, to the extent that evidence supports a role for 
aromatics in secondary PM2.5 formation. Unfortunately, there are 
limitations in both primary and secondary PM science and modeling tools 
that limit our present ability to quantitatively predict what would happen 
for a given fuel control. … [M]ore work is underway on how fuel 
aromatics, including toluene, affect secondary PM formation, and how 
aromatics control should be incorporated into air quality predictive 

 
109publ58.pdf (accessed Feb. 24, 2021). Codified at 42 U.S. Code, sec. 7545(k)(1)(B)(vi), “Regulation of 
fuels”: https://www.law.cornell.edu/uscode/text/42/7545 (accessed Feb. 24, 2021). 
131 U.S. Environmental Protection Agency, “Control of Hazardous Air Pollutants From Mobile Sources; 
Final Rule,” Federal Register (2007): 72(37): p. 8439: https://www.govinfo.gov/content/pkg/FR-2007-
02-26/pdf/E7-2667.pdf (accessed Feb. 24, 2021). 
132 Ibid., p. 8478. 
133 U.S. Environmental Protection Agency, “Control of Hazardous Air Pollutants From Mobile Sources; 
Proposed Rule,” Federal Register (2006): 71(60): p. 15864: https://www.govinfo.gov/content/pkg/FR-
2006-03-29/pdf/06-2315.pdf#page=62 (accessed Feb. 24, 2021). 
134 U.S. Environmental Protection Agency, “Control of Hazardous Air Pollutants from Mobile Sources: 
Regulatory Impact Analysis” (2007): p. I-29: 
https://nepis.epa.gov/Exe/ZyPdf.cgi?Dockey=P1004LNN.PDF (accessed Feb. 24, 2021). 
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models. … Thus, we have concluded that additional aromatics control for 
MSAT purposes is not warranted at this time.”135 (emphasis added) 

1. The final rule stated, in summary: “EPA believes that the emission 
reductions from the standards finalized today for motor vehicles 
and their fuels, combined with the standards currently in place, 
represent the maximum achievable reductions of emissions from 
motor vehicles through the application of technology that will be 
available, considering costs and the other factors listed in section 
202(l)(2).”136 (emphasis added) 

 
 Note: EPA’s conclusion that it had required “the maximum achievable 

reductions” was wrong then and is even more clearly wrong today, as shown in 
Section III, below. Additionally, more than 13 years after issuing the 2007 rule, 
EPA has still not taken action on “assessing what further reductions are possible 
in mobile source PM” or on “how aromatics control should be incorporated into 
air quality predictive models.” 
 

d. EPA missed another opportunity to act in 2014, in its rule on Tier 3 Motor 
Vehicle Emission and Fuel Standards, which it said would result in “significant 
reductions in pollutants such as ozone, particulate matter, and air toxics.”137  

i. EPA acknowledged that “the majority of Americans continue to be 
exposed to ambient concentrations of air toxics at levels which have the 
potential to cause adverse health effects. … According to the National Air 
Toxics Assessment (NATA) for 2005, mobile sources were responsible for 
43% of outdoor toxic emissions and over 50% of the cancer risk and 
noncancer hazard associated with primary emissions. Mobile sources are 
also large contributors to precursor emissions which react to form 
secondary concentrations of air toxics.”138  

ii. Yet the agency took no direct action to reduce air toxics or even to 
estimate the benefits of the action it did take: “While there would be 
impacts associated with reductions in air toxic pollutant emissions that 
result from the final standards, we do not attempt to quantify and monetize 
those impacts…. This is primarily because currently available tools and 
methods to assess air toxics risk from mobile sources at the national scale 

 
135 U.S. EPA, “Control of Hazardous Air Pollutants From Mobile Sources” (2007), op. cit., supra note 
131: p. 8479. 
136 Ibid., p. 8460. 
137 U.S. Environmental Protection Agency, “Control of Air Pollution From Motor Vehicles: Tier 3 Motor 
Vehicle Emission and Fuel Standards,” Federal Register (2014): 79(81): p. 23414: 
https://www.govinfo.gov/content/pkg/FR-2014-04-28/pdf/2014-06954.pdf (accessed Feb. 24, 2021). 
138 Ibid., p. 23437. 
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are not adequate for extrapolation to incidence estimations or benefits 
assessment.”139 (emphasis added) 

iii. The Tier 3 rule lowered the maximum sulfur content in gasoline to avoid 
the poisoning of emissions catalysts and make emission control systems 
more effective,140 but the sulfur reduction produced no benefit for PM 
emissions: “Unlike the gaseous pollutants, there was no effect of sulfur 
level found for PM. … As a result, sulfur would not be expected to have a 
significant effect on directly-emitted PM (other than very small amounts 
of sulfate).”141 

1. In fact, the rule may have had a contrary consequence: For many 
refiners, operating strategies that reduce sulfur also reduce octane.  
According to one analysis, “the majority of refiners are meeting 
the regulations by increasing hydrotreating severity,” which 
negatively impacts octane – potentially leading to increased use of 
aromatics to compensate.142 

e. In December 2020 EPA issued a “Fuels Regulatory Streamlining” rule that 
relieved refineries of their responsibility to report regularly on the aromatics 
levels in reformulated gasoline (approximately 30% of the national gasoline 
pool). An industry-led annual sampling program will be used instead. Refineries 
also are no longer required to estimate emissions of air toxics, including 
polycyclic organic matter.143 

f. In August 2021, EPA proposed revised greenhouse gas emissions standards for 
new cars that again failed to address the importance of vehicle fuels. EPA noted 
only that “in addition to substantially reducing GHG emissions, a longer-term 
rulemaking could also address criteria pollutant and air toxics emissions from the 
new light-duty vehicle fleet – especially important considerations during the 
transition to zero-emission vehicles.”144 

i. Indeed, the very basis on which EPA proceeded, according to the 
Proposed Rule, was the requirement in Section 202(a) “to establish 
standards for emissions of air pollutants from new motor vehicles which, 

 
139 Ibid., p. 23608. 
140 Ibid., pp. 23420, 23441. 
141 U.S. Environmental Protection Agency, “Fuel Effects on Exhaust Emissions from On-road Vehicles in 
MOVES2014: Final Report” (2016): p. 47: 
https://nepis.epa.gov/Exe/ZyPDF.cgi/P100O5W2.PDF?Dockey=P100O5W2.PDF (accessed Feb. 24, 
2021). 
142 Andy Huang et al., Grace Catalysts Technologies, “Driving Octane in an Ultra‐Low Sulfur Gasoline 
Market,” AFPM 17‐75 (2017), summarized at https://www.catalystgrp.com/driving-octane-
ultra%E2%80%90low-sulfur-gasoline-market/  (accessed Aug. 23, 2021). 
143 U.S. Environmental Protection Agency, “Fuels Regulatory Streamlining,” Federal Register (2020): 
85(234), “Program Design,” p. 78414, and “Key Differences Between Part 1090 and Part 80,” p. 78436: 
https://www.govinfo.gov/content/pkg/FR-2020-12-04/pdf/2020-23164.pdf (accessed June 17, 2021). 
144 U.S. EPA, “Revised 2023 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions 
Standards,” op. cit., supra note 128: p. 43730. 
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in the Administrator’s judgment, cause or contribute to air pollution which 
may reasonably be anticipated to endanger public health or welfare.”145 
The requirements of Section 202(l)(2), cited above, were enacted 
concurrently and explicitly based on that same provision of Section 
202(a).146 

 
2. EPA’s modeling – Part 2 

a. EPA's MOtor Vehicle Emission Simulator (MOVES) is a modeling system that 
estimates emissions for mobile sources at the national, county, and project level 
for criteria air pollutants, greenhouse gases, and air toxics. Its use is required for 
the development of State Implementation Plans to reduce air pollution in areas 
that do not meet National Ambient Air Quality Standards.147 

i. In 2014 EPA updated the MOVES model to incorporate new emissions 
factors for ethanol blends. These changes were based on a laboratory 
analysis that used “match blending” to simulate the performance of 
various fuel formulas. This approach was fundamentally flawed, as a 
published paper by industry engineers observed:  

1. Aromatics were added (above the 25% legal limit for reformulated 
gasoline) to match certain parameters of fuels that had less ethanol. 
The resulting degradation of emissions was primarily caused by 
the added aromatics but was incorrectly blamed on the ethanol.148 

2. This mistake causes the MOVES model to predict incorrectly 
elevated emissions factors for ethanol blends. For example, smog-
forming nitrogen oxides (NOx) have been shown in the real world 
to decrease as the percentage of ethanol increases, but the MOVES 
model predicts higher NOx emissions for ethanol blends.149 

3. In fact, EPA’s Phase I testing results showed that NOx and PM 
“have significant decreases in emissions as ethanol levels increase 

 
145 Ibid., p. 43728. 
146 42 U.S. Code, sec. 7521, op. cit., supra note 125. 
147 U.S. Environmental Protection Agency, “Latest Version of MOtor Vehicle Emission Simulator 
(MOVES),” online fact sheet: https://www.epa.gov/moves/latest-version-motor-vehicle-emission-
simulator-moves (accessed Feb. 24, 2021). 
148 James E. Anderson et al., "Issues with T50 and T90 as Match Criteria for Ethanol-Gasoline Blends,” 
SAE International Journal of Fuels and Lubricants (2014): 7(3): pp. 1027-40: 
https://saemobilus.sae.org/content/2014-01-9080/ (accessed Feb. 24, 2021). 
149 Ioannis Gravalos et al., "Performance and Emission Characteristics of Spark Ignition Engine Fuelled 
with Ethanol and Methanol Gasoline Blended Fuels,” chapter 7, Alternative Fuel, Maximino Manzanera 
(ed.) (2011): p. 170: 
https://www.researchgate.net/publication/221914443_Performance_and_Emission_Characteristics_of_Sp
ark_Ignition_Engine_Fuelled_with_Ethanol_and_Methanol_Gasoline_Blended_Fuels (accessed Feb. 24, 
2021). 
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from E0 to E10” – and EPA then “decided to drop the Phase 1 test 
fuels … from the Phase 3 fuel matrix.”150 

4. At a meeting in June 2015 with the Energy Future Coalition, EPA 
Administrator Gina McCarthy erroneously asserted that her hands 
were tied on mid-level ethanol blends because they would increase 
NOx – a comment probably based on the flawed tests and the 
MOVES model.151 

ii. Emissions tests by the U.S. Department of Energy have confirmed that 
“even though ethanol is more catalytically reactive than other gasoline 
components, ethanol will likely neither help nor hinder compliance with 
NOx, non-methane organic gases (NMOG), and CO regulations in 
realistic fuel blends.”152 

iii. Despite repeated calls to fix this clear error, EPA has not done so.  

 
III.  Cleaner burning substitutes are readily available and affordable and should be phased 

in as quickly as practicable. 
 

1. Ethanol and vehicle performance 
a. Like aromatics, alcohols such as ethanol have a much higher octane rating than 

base refinery gasoline. Increasing ethanol levels raises the octane rating of 
finished gasoline. In effect, aromatics and ethanol compete for the octane 
enhancement market. 

b. Higher octane enables greater engine efficiency and improved vehicle 
performance through higher compression ratios and/or more aggressive 
turbocharging and downsizing – also facilitated by ethanol’s cylinder “charge 
cooling” effect due to its high heat of vaporization.153 Raising the engine’s 

 
150 Adam R.F. Gustafson, Boyden Gray & Associates, “EPA Emails Show the Agency Relied on the Oil 
Industry to Design Anti-Ethanol Fuel Effects Study,” memo to Urban Air Initiative, Nov. 4, 2016: pp. 15, 
17: http://cleanfuelsdc.org/wp-content/uploads/2019/04/BGA-FOIA-EPA-EPact-Emails-Nov-4-2016.pdf 
(accessed Sept. 14, 2021) 
151 Reid Detchon, Energy Future Coalition, personal recollection. 
152 Daniel Gaspar, Pacific Northwest National Laboratory, “Top Ten Blendstocks For Turbocharged 
Gasoline Engines: Bioblendstocks With Potential to Deliver the Highest Engine Efficiency.” PNNL-
28713 (2019): p. 34: https://www.osti.gov/servlets/purl/1567705 (accessed June 22, 2021). 
153 J.E. Anderson et al., "High octane number ethanol-gasoline blends: Quantifying the potential benefits 
in the United States,” Fuel (2012): 97: pp. 585-94: 
https://www.sciencedirect.com/science/article/pii/S0016236112002268 (accessed Feb. 24, 2021). 
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compression ratio from 10:1 to 12:1 could increase vehicle efficiency by 5-7%.154 
155 

i. To increase octane enough to achieve these efficiency gains (i.e., to a 
“premium” rating of 94 AKI (anti-knock index) at the gas pump), there are 
two principal options – aromatics or alcohols.156 

ii. Since 2016, researchers at nine national laboratories participating in the 
U.S. Department of Energy’s Co-Optimization of Fuels & Engines 
initiative (known as Co-Optima) have explored how simultaneous 
innovations in fuels and engines can boost fuel economy and vehicle 
performance, while reducing emissions.157  

1. The initiative identified 10 candidate fuels from four chemical 
families – alcohols, olefins, furans, and ketones – with the greatest 
potential to increase vehicle efficiency. Seven of them were 
alcohols.158 

2. A team at Oak Ridge National Laboratory found that intermediate 
alcohol-gasoline blends (particularly a 30% ethanol blend, or E30) 
“exhibit exceptional antiknock properties and performance beyond 
that indicated by the octane number tests,”159 and that engine and 
vehicle optimization could offset the reduced fuel energy content 

 
154 David S. Hirshfeld et al., "Refining Economics of U.S. Gasoline: Octane Ratings and Ethanol 
Content,” Environmental Science & Technology (2014): 48(19): p. 11064-71: 
https://pubs.acs.org/doi/pdf/10.1021/es5021668 (accessed Feb. 24, 2021). 
155 Thomas G. Leone et al., "The Effect of Compression Ratio, Fuel Octane Rating, and Ethanol Content 
on Spark-Ignition Engine Efficiency,” Environmental Science & Technology (2015): 49(18): pp. 10778-
89: https://pubs.acs.org/doi/abs/10.1021/acs.est.5b01420 (accessed June 17, 2021). 
156 Petroleum Equipment Institute, “Octane Number,” https://www.pei.org/wiki/octane-number (accessed 
Aug. 23, 2021). The AKI rating is used on U.S. gas pumps, while the Research Octane Number (RON) is 
used in Europe. A U.S. octane rating of 94 is roughly equivalent to 98 RON: 
http://www.pencilgeek.org/2009/05/octane-rating-conversions.html (accessed Aug. 23, 2021). 
157 Magnus Sjöberg, Sandia National Laboratories, “An Introduction to DOE’s Co-Optima Initiative,” 
presentation at International Workshop on Fuel & Engine Interactions, Aug. 23, 2017: 
https://www.osti.gov/servlets/purl/1466483 (accessed Feb. 24, 2021). 
158 U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, “Co-Optimization of 
Fuels & Engines: Scientific Innovation For Efficient, Clean, And Affordable Transportation” (2019): 
https://www.energy.gov/sites/prod/files/2019/04/f61/CoOptimization_FactSheet_2019%20PRESS%20Q
UALITY_0.pdf (accessed Feb. 24, 2021). 
159 Derek A. Splitter and James P. Szybist, “Experimental Investigation of Spark-Ignited Combustion with 
High-Octane Biofuels and EGR. 2. Fuel and EGR Effects on Knock-Limited Load and Speed,” Energy 
Fuels (2014): 28(2): pp. 1432-45: https://pubs.acs.org/doi/pdf/10.1021/ef401575e (accessed Feb. 24, 
2021). 
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of such blends and likely reduce vehicle fuel consumption and 
tailpipe CO2 emissions.160 161 

3. The use of E30 in one test vehicle enabled a 13:1 compression 
ratio, reducing CO2 emissions by 6-9%.162 

4. Enabling use of a high-octane mid-level ethanol blend would 
significantly reduce the cost of stronger fuel economy standards, a 
2016 analysis by AIR, Inc., found.163 

c. A shift from E10 to E30 would displace an estimated 40% of the BTEX 
aromatics164 – the most carbon-intensive fraction of gasoline.165 

i. The addition of ethanol also hinders the formation of soot precursors, 
including PAHs, in turn reducing PM emissions.166 

ii. Ethanol does not contribute to SOA or PAH formation.167 
d. A 2012 study by Ford engineers examined the influence of ethanol on PM 

emissions from vehicles with GDI engines. It found a very strong reduction in 
particle emissions by mid-level ethanol blends above E20. In other words, there 
was a modest benefit from lower-level blends and a dramatic improvement from 
mid-level blends: ”When the ethanol content increases to >30%, there is a 
statistically significant 30%-45% reduction in PM mass and number emissions.168 

 

 
160 Derek A. Splitter and James P. Szybist, “Experimental Investigation of Spark-Ignited Combustion with 
High-Octane Biofuels and EGR. 1. Engine Load Range and Downsize Downspeed Opportunity,” Energy 
Fuels (2014): 28(2): pp. 1418-31: https://pubs.acs.org/doi/10.1021/ef401574p (accessed Feb. 24, 2021). 
161 Tim Theiss et al., "Summary of High-Octane, Mid-Level Ethanol Blends Study” (2016): ORNL/TM-
2016/42: https://info.ornl.gov/sites/publications/Files/Pub61169.pdf (accessed Feb. 24, 2021). 
162 Thomas Leone et al., "Effects of Fuel Octane Rating and Ethanol Content on Knock, Fuel Economy, 
and CO2 for a Turbocharged DI Engine," SAE International Journal of Fuels and 
Lubricants (2014): 7(1): pp. 9-28: https://www.sae.org/publications/technical-papers/content/2014-01-
1228/ (accessed Feb. 24, 2021). 
163 Air Improvement Resource, “Evaluation of Costs of EPA’s 2022-2025 GHG Standards With High 
Octane Fuels and Optimized High Efficiency Engines” (2016): http://www.mncorn.org/wp-
content/uploads/2016/09/1079-16EU-Final-Report-091616.pdf (accessed Aug. 18, 2021). 
164 Hirshfeld et al., op. cit., supra note 154: Supporting Information, Table S15: Summary of Refinery 
Modeling Results: E10/E85 Cases with 20 vol% and 30 vol% Ethanol in the Gasoline Pool: p. SI-34: 
https://pubs.acs.org/doi/suppl/10.1021/es5021668/suppl_file/es5021668_si_001.pdf (accessed Feb. 24, 
2021). 
165 M.A. DeLuchi, “Emissions of Greenhouse Gases from the Use of Transportation Fuels and Electricity” 
(1993), Argonne National Laboratory, ANL/ESD/TM-22, Vol. 2, Table C.2: Analysis of Petroleum 
Products: p. C-6: https://www.osti.gov/servlets/purl/10119540 (accessed Feb. 24, 2021). 
166 Raza et al., op. cit., supra note 25: p. 15. 
167 U.S. Environmental Protection Agency, “Renewable Fuel Standard Program (RFS2) Regulatory 
Impact Analysis” (2010): p. 579: 
https://nepis.epa.gov/Exe/ZyPDF.cgi/P1006DXP.PDF?Dockey=P1006DXP.PDF (accessed Feb. 24, 
2021). 
168 M. Matti Maricq et al., “The Impact of Ethanol Fuel Blends on PM Emissions from a Light-Duty GDI 
Vehicle,” Aerosol Science and Technology (2012): 46(5), pp. 576-83: 
https://www.tandfonline.com/doi/pdf/10.1080/02786826.2011.648780# (accessed June 11, 2021). 
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 Note: Automakers could quickly adapt to higher-level blends and meet consumer 
preference for increased engine power and efficiency with a cleaner, often 
cheaper fuel. In a recent letter, the Alliance for Automotive Innovation, a group of 
automakers that produce nearly 99% of the new light-duty vehicles sold in the 
U.S., said:169 

[A]s automakers invest significantly in the transition to expanded vehicle 
electrification, the auto industry is also continuing to invest in vehicle 
improvements that increase fuel economy and reduce greenhouse gases in 
internal combustion engine vehicles. Many of the technologies being used 
to make these improvements can be enhanced or complemented with the 
use of high octane, low carbon liquid fuels. These fuels would 
simultaneously support vehicle performance, including fuel economy, and 
further reduce greenhouse gas emissions during vehicle use. Such benefits 
would be realized by new and existing internal combustion engines and 
therefore should be encouraged as additional solutions as soon as possible 
to maximize environmental benefits across the fleet. Given the timespan 
over which combustion technology will continue to be sought by new car 
shoppers, and the timespan that those vehicles will remain in the field, low 
carbon liquid fuels are an increasingly important technology pathway to 
help achieve carbon reductions while the electric vehicle market continues 
to grow. (emphasis added) 

 
e. Ethanol has a long history as a transportation fuel. Henry Ford built his very first 

car to run on what he called farm alcohol. In 1921 Thomas Midgley, the same 
engineer who later developed tetraethyl lead for a General Motors subsidiary, 
drove to a meeting of the Society of Automotive Engineers using a gasoline blend 
with 30% ethanol. The benefits, he said, included “clean burning and freedom 
from any carbon deposit … [and] tremendously high compression under which 
alcohol will operate without knocking. … Because of the possible high 
compression, the available horsepower is much greater with alcohol than with 
gasoline.”170 

f. The proven technology used by today’s ethanol industry enables rapid scale-up. 
The industry tripled its production capacity in just four years – from 4.4 billion 
gallons a year in 2005 to 14.5 billion in 2009.171 U.S. ethanol production capacity 
today is 17.4 billion gallons.172 

 
169 Julia M. Rege, Alliance for Automotive Innovation, letter to Senator Tom Daschle, Chairman, High-
Octane Low-Carbon Alliance, June 11, 2021. 
170 Jamie Lincoln Kitman, “The Secret History of Lead,” The Nation (2000): 
https://www.thenation.com/article/archive/secret-history-lead/ (accessed Feb. 24, 2021). 
171 U.S. Department of Energy, Alternative Fuels Data Center, “U.S. Ethanol Plant Count, Capacity, and 
Production” (2020): https://afdc.energy.gov/data/10342 (accessed Feb. 24, 2021). 
172 Renewable Fuels Association, “Essential Energy" (2021): p. 3: https://ethanolrfa.org/wp-
content/uploads/2021/02/2021-Pocket-Guide.pdf (accessed Feb. 24, 2021). 
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i. The transportation fuel infrastructure has also adapted to the increased use 
of ethanol in cars and light trucks. As 10% ethanol blends became the 
market’s dominant fuel, refiners reduced their use of aromatics and 
lowered the octane content of their blendstocks.173 174  

ii. New gas pumps are now certified for mid-level ethanol blends.175 
iii. U.S. ethanol production in recent years has averaged more than 1 million 

barrels per day. Increasing that level to support an E30 market would 
displace more oil than the Biden administration’s proposed Corporate 
Average Fuel Economy Standards would save – bringing an oil security 
premium valued at more than $1 billion per year.176 177 

g. EPA has determined that, for vehicles from model year 2001 on, “E15 will not 
cause or contribute to a failure to achieve compliance with the emissions 
standards to which these vehicles were certified over their useful lives.”178 

i. Real-world experience indicates that higher-level blends such as E30 are, 
like E15, also harmless to existing vehicles. In Watertown, SD, 
dynamometer testing and on-road driving experience showed that 
conventional vehicles using E30 benefit from greater horsepower and 
torque, providing better vehicle performance, drivability, and increased 
power. They also experience no loss in fuel economy (despite ethanol’s 
lower energy content) due to engine sensors that can recognize the higher 
octane and adjust spark ignition timing for greater efficiency.179 

 
173 U.S. Environmental Protection Agency, “Modifications to Fuel Regulations To Provide Flexibility for 
E15,” Federal Register (2019): 84(111): p. 26986: https://www.govinfo.gov/content/pkg/FR-2019-06-
10/pdf/2019-11653.pdf (accessed Feb. 24, 2021). 
174 U.S. EPA, “Fuel Trends Report,” op. cit., supra note 14. 
175 “UL Announces Midlevel Certification for Ethanol Fuel Dispensers,” CSP (2009): 
https://www.cspdailynews.com/fuels/ul-announces-midlevel-certification-ethanol-fuel-dispensers 
(accessed Feb. 24, 2021). 
176 U.S. Energy Information Administration, “U.S. fuel ethanol production capacity increased by 3% in 
2019,” Today in Energy, Sept. 29, 2020: https://www.eia.gov/todayinenergy/detail.php?id=45316 
(accessed Aug. 18, 2021); National Highway Traffic Safety Administration, U.S. Department of 
Transportation, “Corporate Average Fuel Economy Standards for Model Years 2024-2026 Passenger Cars 
and Light Trucks,” proposed rule (Aug. 5, 2021): https://www.nhtsa.gov/sites/nhtsa.gov/files/2021-
08/CAFE-NHTSA-2127-AM34-Preamble-Complete-web-tag.pdf (accessed Aug. 18, 2021). 
177 U.S. EPA, “Revised 2023 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions 
Standards,” op. cit., supra note 128: Table 49, p. 43792. 
178 U.S. EPA, “Modifications to Fuel Regulations To Provide Flexibility for E15,” op. cit., supra note 
173: pp. 26989-90. 
179 Brad Brunner and Andy Wicks, “Fuel Economy and Power Generation of 30% Ethanol (E30) Splash 
Blended Fuel in Fuel injected Non-FFV Gasoline Engines,” Glacier Lakes Energy white paper (2017), 
gle-e30-challenge-white-paper-1-19-17final.pdf: link at item #12: 
https://www.forestriverforums.com/forums/f12/towing-with-e30-or-e85-190278.html (accessed Feb. 24, 
2021). 
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1. The State of Nebraska recently conducted similar tests with 50 
conventional vehicles and found that “overall performance and 
adaptability are not compromised by consumption of E30.”180 

h. Brazil has been the largest laboratory in the world for ethanol as an automotive 
fuel, dating back to the launch of the National Alcohol Program in 1975. Ethanol 
has made up at least 20% of the standard gasoline blend in Brazil almost 
continuously since 1984.181 Currently the standard national blend is set at 27%, 
and one third of the fleet is capable of operating on ethanol alone.182  

i. The city of São Paulo, which had a traditional problem with smog 
and toxic emissions from automobiles, saw significant improvements in air 
quality due to ethanol use.183 São Paulo is among the top 10 urban 
concentrations in the world, but in 2019 it fared better than 1200 other 
cities globally in terms of particulate air pollution.184 

1. The use of high levels of ethanol in gasoline made it unnecessary 
to produce gasoline with high aromatics content. Nor did it result 
in ambient aldehyde levels that might bring significant risks to the 
population.185 (Aldehydes such as acetaldehyde and formaldehyde 
are byproducts of ethanol combustion but, as noted below, can be 
easily controlled by conventional emissions technology.) 
 

2. Ethanol and climate change 
a. A 2017 assessment by the consulting firm ICF concluded that life-cycle 

greenhouse gas (GHG) emissions associated with producing corn-based ethanol in 
the United States, using today’s practices in a typical natural gas-powered 

 
180 Adil Alsiyabi et al., “Investigating the effect of E30 fuel on long term vehicle performance, 
adaptability and economic feasibility,” Fuel (2021): 306(121629): 
https://www.sciencedirect.com/science/article/pii/S0016236121015106 (accessed Aug. 18, 2021). 
181 Julieta Andrea Puerto Rico, “Programa de Biocombustíveis no Brasil e na Colômbia: Uma Análise da 
Implantação, Resultados e Perspectivas” (2007): Tabela 3.8 Misturas de álcool anidro com gasolina 
durante o PROALCOOL: pp. 81-82: https://teses.usp.br/teses/disponiveis/86/86131/tde-07052008-
115336/publico/ultimaju.pdf (accessed Feb. 24, 2021). 
182 Wikipedia, “History of ethanol fuel in Brazil”: 
https://en.wikipedia.org/wiki/History_of_ethanol_fuel_in_Brazil (accessed Feb. 24, 2021). 
183 Clovis Zapata and Paul Nieuwenhuis, “Driving on Liquid Sunshine – the Brazilian Biofuel 
Experience,” Business Strategy and the Environment (2009): 18: pp. 536-37: 
https://www.academia.edu/27002759/Driving_on_liquid_sunshine_%C3%A2_the_Brazilian_biofuel_exp
erience_a_policy_driven_analysis (accessed Feb. 24, 2021). 
184 IQAir, “World's most polluted cities 2019 (PM2.5),” online fact sheet: 
https://www.iqair.com/us/world-most-polluted-cities (accessed Feb. 24, 2021). 
185 Alfred Szwarc, “Impacts of the use of ethanol on vehicle emissions in urban areas,” in Isaias de 
Carvalho Macedo (ed.), Sugar Cane’s Energy: Twelve studies on Brazilian sugar cane agribusiness and 
its sustainability, UNICA (second edition) (2007): pp. 84-85: 
https://www.researchgate.net/publication/281397642_Sugar_cane's_energy_-
_Twelve_studies_on_Brazilian_sugar_cane_agribusiness_and_its_sustainability (accessed Feb. 24, 2021). 
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refinery, are almost 43% lower than those of gasoline on an energy-equivalent 
basis.186 187 

i. This estimate is consistent with more than 15 years of life-cycle analysis at 
Argonne National Laboratory, recently reaffirmed in a retrospective 
analysis.188 189 It is also more than twice as large as the 21% reduction 
predicted by EPA in its 2010 life-cycle analysis for ethanol produced by 
an average natural gas-fired plant in 2022.190  

1. Argonne senior scientist Michael Wang estimates that corn ethanol 
has resulted in a total GHG reduction in the U.S. of more than 500 
million metric tons between 2005 and 2019.191 

ii. A recent “state-of-the-science review” by the consulting firm 
Environmental Health & Engineering yielded a “central best estimate of 
carbon intensity for corn ethanol” that was 46% lower than for gasoline.192 

iii. In contrast, for electric and plug-in hybrid vehicles EPA used “tailpipe-
only values to determine vehicle GHG emissions, without accounting for 
upstream emissions” in its proposed rule setting new GHG standards for 
2023 and later model years.193 

1. As EPA notes on its web site, the power used to charge electric 
vehicles may create carbon pollution, and EPA and 
DOE’s “Beyond Tailpipe Emissions Calculator” is offered to “help 

 
186 M. Flugge et al., “A Life-Cycle Analysis of the Greenhouse Gas Emissions from Corn-Based 
Ethanol,” Report prepared by ICF for the U.S. Department of Agriculture (2017): p. 166: 
https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=2623&context=usdaarsfacpub (accessed Feb. 
24, 2021). Similarly: J. Rosenfeld et al. (2018), p. 99: 
https://www.usda.gov/sites/default/files/documents/LCA_of_Corn_Ethanol_2018_Report.pdf (accessed 
Feb. 24, 2021). 
187 Jan Lewandrowski et al., “The greenhouse gas benefits of corn ethanol – assessing recent evidence,” 
Biofuels (2018): 11(3): pp. 361-75: 
https://www.tandfonline.com/doi/full/10.1080/17597269.2018.1546488 (accessed Feb. 24, 2021). 
188 Argonne National Laboratory, “More about GREET” (The greenhouse gases, regulated emissions, and 
energy use in transportation (GREET) model), online fact sheet: https://greet.es.anl.gov/homepage2 
(accessed Feb. 24, 2021). 
189 Uisung Lee et al., “Retrospective analysis of the U.S. corn ethanol industry for 2005–2019: 
implications for greenhouse gas emission reductions,” Biofuels, Bioproducts and Biorefining (2021): 
https://onlinelibrary.wiley.com/doi/10.1002/bbb.2225 (accessed June 11, 2021). 
190 U.S. EPA, “RFS2 Regulatory Impact Analysis,” op. cit., supra note 167: pp. 468-70. 
191 Kathryn Jandeska, Argonne National Laboratory, “Corn ethanol reduces carbon footprint, greenhouse 
gases,” Science X, May 24, 2021: https://phys.org/news/2021-05-corn-ethanol-carbon-footprint-
greenhouse.html (accessed Aug. 18, 2021). 
192 Melissa J. Scully et al., “Carbon intensity of corn ethanol in the United States: state of the science,” 
Environmental Research Letters (2021): https://iopscience.iop.org/article/10.1088/1748-9326/abde08 
(accessed Feb. 24, 2021). 
193 U.S. EPA, “Revised 2023 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions 
Standards,” op. cit., supra note 128: p. 43746. 
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you estimate the greenhouse gas emissions associated with 
charging and driving an EV or a plug-in hybrid electric vehicle.”194 

iv. Another way to assess the value of ethanol is to calculate its net gain in 
energy content. On that point, a recent USDA report concluded that a corn 
ethanol plant using conventional fossil fuel power and electricity 
“produces slightly more than twice the energy in the form of ethanol 
delivered to customers than it uses for corn, processing, and 
transportation.”195 

v. California’s Low Carbon Fuel Standard (LCFS) has demonstrated the 
impact of market-based price incentives for environmental performance. 
To gain credits under the LCFS, ethanol refineries have steadily reduced 
their carbon scores through increased production efficiencies, most 
notably by shifting from coal to natural gas as a process fuel. 

1. For the purpose of credits under the LCFS, corn ethanol on average 
is currently rated as 30% better than its gasoline blendstock.196 

2. LCFS credits have led to an annual average gain in E85 sales of 
nearly 39% over the last 10 years.197  

3. Providing credit for soil carbon sequestration under the LCFS 
would incentivize farmers to employ improved conservation 
practices. Such practices would reduce ethanol’s carbon footprint 
further – to as much as 70% lower than gasoline, the ICF report 
found.198  

4. In 2020 the House Select Committee on the Climate Crisis 
recommended that Congress develop a national LCFS reflecting 
“the best-available science about the carbon intensity of fuel 
production, farming practices, land use changes, and crop 
productivity.” Such a standard, the report said, should reward 
producers that use “climate-smart practices that reduce carbon 
emissions, store soil carbon, and reduce nitrous oxide 
emissions.”199 

 
194 U.S. Environmental Protection Agency, “Electric Vehicle Myths” in “Green Vehicle Guide,” online 
fact sheet: https://www.epa.gov/greenvehicles/electric-vehicle-myths (accessed Aug. 18, 2021). 
195 Paul W. Gallagher et al., “2015 Energy Balance for the Corn-Ethanol Industry” (2016), report for U.S. 
Department of Agriculture, Office of the Chief Economist, Office of Energy Policy and New Uses: p. 18: 
https://www.usda.gov/sites/default/files/documents/2015EnergyBalanceCornEthanol.pdf (accessed Feb. 
24, 2021). 
196 California Air Resources Board, “Low Carbon Fuel Standard – Life Cycle Analysis,” online fact sheet: 
pp. 16-18: https://ww2.arb.ca.gov/sites/default/files/2020-06/basics-notes_1.pdf (accessed Feb. 24, 2021). 
197 California Air Resources Board, “Alternative Fuels: Annual E85 Volumes,” online chart (2020): 
https://ww2.arb.ca.gov/resources/documents/alternative-fuels-annual-e85-volumes (accessed Feb. 24, 
2021). 
198 Flugge et al., op. cit., supra note 186: p. 166. Also Rosenfeld et al., p. 99. 
199 U.S. Select Committee on the Climate Crisis, Majority Staff Report: “Solving the Climate Crisis: The 
Congressional Action Plan for a Clean Energy Economy and a Healthy, Resilient, and Just America” 
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vi. The carbon dioxide produced by the ethanol process is extremely pure – 
making it easier to capture and reuse than CO2 from a power plant. 
Ethanol giant Archer Daniels Midland is capturing CO2 from its 
processing facility in Decatur, IL, and storing it permanently underground 
– another step that could lower ethanol’s carbon footprint.200 However, 
this process was made possible by a $141 million federal grant and is not 
yet justified economically.201 

1. A recently announced project will capture CO2 from several 
biorefineries in the Midwest for geologic storage of up to 10 
million tons annually in underground saline aquifers in North 
Dakota.202  

2. Recently scientists at Argonne National Laboratory reported 
discovery of a new electrocatalyst that converts CO2 and water into 
ethanol with very high energy efficiency, high selectivity, and low 
cost. If proven at scale, this could enable the production of ethanol 
from CO2 emitted by industrial processes of all kinds.203 

b. U.S. consumption of gasoline adds roughly 1 billion metric tons of the most 
significant greenhouse gas, carbon dioxide (CO2), to the atmosphere per year.204 

i. Based on current consumption rates of gasoline, increasing vehicle fuel 
economy by 7% with the higher octane of an E30 blend would reduce 
annual U.S. emissions by 70 million metric tons per year.205 

 
(2020): pp. 101-02: 
https://climatecrisis.house.gov/sites/climatecrisis.house.gov/files/Climate%20Crisis%20Action%20Plan.p
df (accessed Feb. 24, 2021). 
200 Archer Daniels Midland Company news release, “ADM Begins Operations for Second Carbon 
Capture and Storage Project” (2017): https://www.adm.com/news/news-releases/adm-begins-operations-
for-second-carbon-capture-and-storage-project-1 (accessed Feb. 24, 2021). 
201 U.S. Department of Energy, Office of Fossil Energy, “DOE Announces Major Milestone Reached for 
Illinois Industrial CCS Project” (2017), news release: https://www.energy.gov/fe/articles/doe-announces-
major-milestone-reached-illinois-industrial-ccs-project (accessed Feb. 24, 2021). 
202 Erin Voegele, “Large-scale CCS project will sequester CO2 from ethanol plants,” Ethanol Producer 
Magazine (2021): http://www.ethanolproducer.com/articles/18001/large-scale-ccs-project-will-sequester-
co2-from-ethanol-plants (accessed Feb. 24, 2021). 
203 Argonne National Laboratory, "New Electrocatalyst Turns Carbon Dioxide Into Liquid Fuel,” 
SciTechDaily (2020): https://scitechdaily.com/new-electrocatalyst-turns-carbon-dioxide-into-liquid-fuel/ 
(accessed Feb. 24, 2021). 
204 U.S. Energy Information Administration, “Monthly Energy Review” May 2020, Table 11.5, Carbon 
Dioxide Emissions From Energy Consumption: Transportation Sector: 
https://www.eia.gov/totalenergy/data/monthly/pdf/sec11_8.pdf (accessed Feb. 24, 2021). 
205 CO2 emissions from U.S. light-duty vehicles in 2018 totaled 1050 million metric tons (MMT). A 7% 
reduction would be 70 MMT per year. U.S. Environmental Protection Agency, “Fast Facts: U.S. 
Transportation Sector Greenhouse Gas Emissions, 1990-2018,” online fact sheet: 
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100ZK4P.pdf (accessed Feb. 24, 2021). 

https://climatecrisis.house.gov/sites/climatecrisis.house.gov/files/Climate%20Crisis%20Action%20Plan.pdf
https://climatecrisis.house.gov/sites/climatecrisis.house.gov/files/Climate%20Crisis%20Action%20Plan.pdf
https://www.adm.com/news/news-releases/adm-begins-operations-for-second-carbon-capture-and-storage-project-1
https://www.adm.com/news/news-releases/adm-begins-operations-for-second-carbon-capture-and-storage-project-1
https://www.energy.gov/fe/articles/doe-announces-major-milestone-reached-illinois-industrial-ccs-project
https://www.energy.gov/fe/articles/doe-announces-major-milestone-reached-illinois-industrial-ccs-project
http://www.ethanolproducer.com/articles/18001/large-scale-ccs-project-will-sequester-co2-from-ethanol-plants
http://www.ethanolproducer.com/articles/18001/large-scale-ccs-project-will-sequester-co2-from-ethanol-plants
https://scitechdaily.com/new-electrocatalyst-turns-carbon-dioxide-into-liquid-fuel/
https://www.eia.gov/totalenergy/data/monthly/pdf/sec11_8.pdf
https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100ZK4P.pdf


 

36 
 

ii. Reducing the share of aromatics in gasoline by 40% – with E30 fuel that is 
40% less emitting – would reduce U.S. emissions by another 32 million 
metric tons per year.206 

iii. GHG emissions from oil refineries would also fall, due to reduced demand 
for their most intensively refined products. Oil refiners could produce 
blendstocks for E30 gasoline at a modest additional cost of 1-2 cents per 
gallon. Reduced refinery throughput and intensity would reduce refinery 
CO2 emissions and crude oil consumption.207 

1. One assessment found that refinery GHG emissions would decline 
by 12% to 27% for various E30 cases, due to both lower crude oil 
throughput and differences in the severity of refining operations.208 
Since the refinery sector emits 180 million metric tons per year,209 
that would mean a further reduction in U.S. GHG emissions of at 
least 21 million metric tons per year. 

iv. Thus, the total reduction in U.S. GHG emissions from adoption of E30 
blends – combining fuel economy gains, the replacement of aromatics 
with a lower-carbon substitute, and the change in refinery operations – 
would total 123 million metric tons per year. That would be a cut of more 
than 12% in emissions from light-duty vehicles, which comprise 58% of 
the emissions from the transportation sector (the source of more GHG 
emissions than any other sector).210 It would also exceed the GHG 
reductions from EPA’s strengthened emissions standards for new cars, 
which reach only 117 million tons in 2050.211 

1. Valuing the social cost of those avoided emissions at $25 per ton 
would imply a benefit of more than $3 billion per year. Using the 
“interim” rate of $51 per ton put forward by the Biden 
administration in 2021, the benefits would come to more than $6 
billion per year.212 At the rate of $76 per ton used in the 
 

206 Aromatics comprise 20% of U.S. gasoline consumption by light-duty vehicles [U.S. EPA, “Fuel 
Trends Report,” op. cit., supra note 14], producing 200 MMT of CO2 annually. Replacing 40% of the 
aromatics, or 80 MMT, with fuel that produces 40% less CO2 per gallon would reduce total U.S. 
CO2 emissions by 32 MMT per year. 
207 Hirshfeld et al., op. cit., supra note 154: p. 11070. 
208 Vincent Kwasniewski et al., "Petroleum refinery greenhouse gas emission variations related to higher 
ethanol blends at different gasoline octane rating and pool volume levels,” Biofuels, Bioproducts & 
Biorefining (2016): (10)1: pp. 36-46: https://onlinelibrary.wiley.com/doi/full/10.1002/bbb.1612 (accessed 
Feb. 24, 2021). 
209 U.S. Environmental Protection Agency, “GHGRP Refineries” in “Greenhouse Gas Reporting 
Program,” online fact sheet: https://www.epa.gov/ghgreporting/ghgrp-refineries (accessed Feb. 24, 2021). 
210 U.S. EPA, “Revised 2023 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions 
Standards,” op. cit., supra note 128: p. 43779. 
211 Ibid., Table 43, p. 43778. 
212 Interagency Working Group on Social Cost of Greenhouse Gases, United States Government, 
“Technical Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide Interim Estimates 
under Executive Order 13990” (2021): Figure ES-1: Frequency Distribution of SC-CO2 Estimates for 
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administration’s proposed Corporate Average Fuel Economy 
Standards, the benefits exceed $9 billion per year.213 

v. An aggressive program to increase adoption of electric vehicles is urgently 
needed to phase out fossil fuels altogether, but even optimistic forecasts 
recognize that it will take a long time to turn over the U.S. fleet of 250 
million light-duty vehicles.214 (The average age of such vehicles in 
operation in the U.S. has risen to 12.1 years this year.)215 Internal 
combustion engines will still be used in hundreds of millions of vehicles 
between now and 2050. 

1. California is in the vanguard of the transition to electric vehicles in 
the U.S., with a newly announced goal of limiting new-car sales in 
2035 to zero-emission vehicles.216 But under the state’s LCFS 
program to date (since 2011), ethanol has reduced GHG emissions 
nearly three times more than electricity. As more electric vehicles 
enter the market, that ratio is dropping sharply, but even for the last 
12 months reported (through December 2020), ethanol reduced 
GHG emissions by one third more than electricity – despite being 
limited almost entirely to E10 blends.217 

 
3. The use of corn for ethanol 

a. Almost any plant-based material can made into ethanol. All plants contain sugars, 
and those sugars can be fermented to make ethanol. Plant material also can be 
converted to ethanol using heat and chemicals.  

b. Today, nearly all ethanol produced in the world is derived from starch- and sugar-
based feedstocks. Corn serves as the feedstock for most U.S. ethanol 
production.218 Its C4 carbon fixation process (also found in sugarcane) is 

 
2020, p. 5: https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf 
(accessed Mar. 1, 2021) 
213 National Highway Traffic Safety Administration, op. cit., supra note 176. 
214 See, for example, U.S. DRIVE, “Summary Report on EVs at Scale and the U.S. Electric Power 
System” (2019): U.S. EV Market Penetration Scenarios: pp. 1-2: 
https://www.energy.gov/sites/prod/files/2019/12/f69/GITT%20ISATT%20EVs%20at%20Scale%20Grid
%20Summary%20Report%20FINAL%20Nov2019.pdf (accessed Feb. 24, 2021). 
215 IHS Markit, “Average age of cars and light trucks in the US rises to 12.1 years, accelerated by 
COVID-19,” press release, June 14, 2021: https://news.ihsmarkit.com/prviewer/release_only/id/4759502/ 
(accessed June 21, 2021). 
216 Governor of California, Executive Order N-79-20 (2020): https://www.gov.ca.gov/wp-
content/uploads/2020/09/9.23.20-EO-N-79-20-text.pdf (accessed Feb. 24, 2021). 
217 California Air Resources Board, “2020 LCFS Reporting Tool (LRT) Quarterly Data Summary: Report 
No. 4” (2021): 
https://ww2.arb.ca.gov/sites/default/files/classic//fuels/lcfs/dashboard/quarterlysummary/20210430_q4dat
asummary.pdf  (accessed June 21, 2021). 
218 U.S. Department of Energy, Alternative Fuels Data Center, “Ethanol Feedstocks,” online fact sheet: 
https://afdc.energy.gov/fuels/ethanol_feedstocks.html (accessed Feb. 24, 2021). 

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.energy.gov/sites/prod/files/2019/12/f69/GITT%20ISATT%20EVs%20at%20Scale%20Grid%20Summary%20Report%20FINAL%20Nov2019.pdf
https://www.energy.gov/sites/prod/files/2019/12/f69/GITT%20ISATT%20EVs%20at%20Scale%20Grid%20Summary%20Report%20FINAL%20Nov2019.pdf
https://news.ihsmarkit.com/prviewer/release_only/id/4759502/
https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-text.pdf
https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-text.pdf
https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/dashboard/quarterlysummary/20210430_q4datasummary.pdf
https://ww2.arb.ca.gov/sites/default/files/classic/fuels/lcfs/dashboard/quarterlysummary/20210430_q4datasummary.pdf
https://afdc.energy.gov/fuels/ethanol_feedstocks.html


 

38 
 

uncommon among plants and unusually efficient – producing four-carbon 
compounds instead of the usual three.219  

i. Only about 3% of flowering plant species use the C4 pathway, but this 
relative handful accounts for 23% of all terrestrial carbon fixation.220 

c. Cellulose (plant fiber) also offers several advantages as a biofuel feedstock: It is 
abundant and can be derived from either agricultural waste or non-food crops 
such as switchgrass and miscanthus. However, it is challenging to access the 
sugars in these feedstocks for conversion,221 and cellulosic ethanol remains more 
expensive than corn ethanol, which traded for $1.60 a gallon or less for most of 
the last five years – albeit with a recent spike in 2021.222 That is roughly half the 
cost of cellulosic ethanol, which is burdened by the high capital costs of pioneer 
facilities.223 

d. The effect of increased corn production to meet ethanol demand has been a 
subject of long-standing contention in U.S. agricultural and environmental policy. 

i. The amount of land planted in corn rose from 60 million acres in 1983 to 
roughly 90 million since 2010, much of that due to expanding ethanol 
production, which now accounts for nearly 40% of total corn use.224 Yet 
that represents a shift in cropland more than an increase: The overall 
amount of U.S. cropland in production has changed little over the last 30 
years, varying between 300 and 330 million acres+.225 226 

ii. Corn yields have increased at a remarkably steady rate of about 1.9 
bushels per acre per year since the mid-1950s – quadrupling in that time 
from 40 to 170 bushels per acre.227 Between 2002 and 2017 U.S. 

 
219 Realizing Increased Photosynthetic Efficiency (RIPE), “The difference between C3 and C4 plants,” 
online fact sheet (2020): https://ripe.illinois.edu/blog/difference-between-c3-and-c4-plants (accessed Feb. 
24, 2021). 
220 Elizabeth A. Kellogg, “C4 Photosynthesis,” Current Biology (2013): 23(14): p. R594: 
https://www.cell.com/current-biology/fulltext/S0960-9822(13)00507-1 (accessed Feb. 24, 2021). 
221 RIPE, op. cit., supra note 219. 
222 Trading Economics, “Ethanol 2005-2020 Data”: https://tradingeconomics.com/commodity/ethanol 
(accessed Feb. 24, 2021). 
223 Lee R. Lynd et al., “Cellulosic Ethanol: Status and Innovation” (2017): 
https://www.osti.gov/servlets/purl/1364156 (accessed Feb. 24, 2021). 
224 U.S. Department of Agriculture, Economic Research Service, “Feedgrains Sector at a Glance,” online 
fact sheet: https://www.ers.usda.gov/topics/crops/corn-and-other-feedgrains/feedgrains-sector-at-a-
glance/ (accessed Feb. 24, 2021). 
225 U.S. Department of Agriculture, National Agricultural Statistics Service, “2012 Census of Agriculture 
Highlights: Farms and Farmland” (2014): ACH12-13: 
https://www.nass.usda.gov/Publications/Highlights/2014/Highlights_Farms_and_Farmland.pdf (accessed 
Feb. 24, 2021). 
226 U.S. Department of Agriculture, National Agricultural Statistics Service, “Crop Production Historical 
Track Records” (2020): Principal Crops Area Planted and Harvested – United States: 1983-2019: 
https://downloads.usda.library.cornell.edu/usda-
esmis/files/c534fn92g/r781x160h/8w32rq739/croptr20.pdf (accessed Feb. 24, 2021). 
227 R.L. Nielsen, Purdue University, “Historical Corn Grain Yields in the U.S.” (2020): 
https://www.agry.purdue.edu/ext/corn/news/timeless/YieldTrends.html (accessed Feb. 24, 2021). 
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agriculture gained about 669 million metric tons of corn due to yield 
improvement. That is equivalent to about 71 billion gallons of ethanol 
(45% of the ethanol produced during that period) plus 223 million metric 
tons of byproducts for animal feed.228 

iii. Modern farming uses low-impact, “precision” techniques that require less 
land, less energy and fewer chemicals for every bushel produced. Since 
1980, irrigation water use per bushel has fallen by 46%, energy use by 
41%, and greenhouse-gas emissions by 31%.229  

iv. With increased acreage and yields meeting the demand for ethanol, the 
price of corn (apart from a sudden spike in the first half of 2021) traded in 
a narrow range for the past six years, about half its peak in 2012230 and 
lower than the average inflation-adjusted price from 1981 to the 
present.231 232 

v. Concerns about the impact of ethanol production on food prices have 
largely abated over that time. A study of eight Asian economies found that 
64% of the variance in food prices during the 2000-2016 time period was 
explained by oil price movement, and only 2% by biofuel prices.233 

vi. Controversial claims about large negative “indirect land use” effects of 
increased corn production have not been borne out by data, as shown in a 
recent review of the research.234 Life-cycle analyses by ICF and Argonne 
both reflect modest assessments of indirect land use effects.235 236 EPA 

 
228 F.Taheripour et al., “Response to ‘how robust are reductions in modeled estimates from GTAP-BIO of 
the indirect land use change induced by conventional biofuels?’” Journal of Cleaner Production (2021), 
letter to the editor: 310(127431): 
https://www.sciencedirect.com/science/article/abs/pii/S0959652621016504 (accessed June 17, 2021). 
229 Robert Paarlberg, “The Environmental Upside of Modern Farming,” The Wall Street Journal (2021): 
https://www.wsj.com/articles/the-environmental-upside-of-modern-farming-11612534962 (accessed Feb. 
24, 2021), citing: Field to Market: The Alliance for Sustainable Agriculture, “Environmental and 
Socioeconomic Indicators for Measuring Outcomes of On Farm Agricultural Production in the United 
States” (Third Edition) (2016): https://fieldtomarket.org/national-indicators-report-2016/ (accessed Feb. 
24, 2021). 
230 Macrotrends, “Corn Prices - 59 Year Historical Chart”: https://www.macrotrends.net/2532/corn-
prices-historical-chart-data (accessed Feb. 24, 2021). 
231 InflationData.com, “What Is the Inflation Adjusted Price of Corn?”: 
https://inflationdata.com/Inflation/Inflation_Articles/Corn_Inflation.asp (accessed Feb. 24, 2021). 
232 Madhu Khanna et al., “Lessons Learned from US Experience with Biofuels: Comparing the Hype with 
the Evidence,” Review of Environmental Economics and Policy (2021): (15)1: pp. 67-86: 
https://www.journals.uchicago.edu/doi/abs/10.1086/713026 (accessed Apr. 27, 2021). 
233 Farhad Taghizadeh-Hesary et al., “Energy and Food Security: Linkages through Price Volatility,” 
Energy Policy (2019): 128: pp. 796-806: 
https://www.sciencedirect.com/science/article/pii/S0301421518308486 (accessed Apr. 27, 2021). 
234 Khanna et al., op. cit., supra note 232. 
235 Flugge et al., op. cit., supra note 186, p. 167. Also Rosenfeld et al., p. 97. 
236 Zhangcai Qin et al., “Estimating soil carbon change and biofuel life-cycle greenhouse gas emissions 
with economic, ecosystem and life-cycle models,” conference paper (2015): 
https://www.researchgate.net/publication/287330899_Estimating_soil_carbon_change_and_biofuel_life-
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and California regulators include land-use factors in their evaluations of 
ethanol’s GHG emissions,237 and California’s figure, for example, is only 
19% of the very high estimate that kicked off the debate.238 Argonne’s 
recent retrospective analysis found that the initial estimate was at least five 
times overstated – indeed, by Argonne’s estimate, nearly 15 times.239 

vii. The Energy Information Administration projects that demand for gasoline 
will decline from 137.5 billion gallons per year in 2021 to 127 billion 
gallons in 2050, due to increased vehicle efficiency and greater use of 
electric vehicles.240 Fueling the 2050 fleet with higher-level blends such as 
E30 thus would require little more than a doubling of today’s ethanol 
capacity. Demand will fall further if electric vehicles are adopted more 
rapidly than currently envisioned. 
 

 Note: The recurrent affliction of American farmers is overproduction and low 
prices. Increased demand for ethanol in higher-level blends could be met within 
today’s cropland footprint, absorbing that overproduction and helping to restore 
farm income. A more robust future market for ethanol would also attract 
additional investment to the production of next-generation biofuels from 
cellulosic feedstocks – investment that has been lacking in the face of a saturated 
market for E10. 
 

e. Environmental concerns about the effects of increased agricultural production on 
water quality (due to nitrogen fertilizer runoff) can be addressed directly with 
incentives (e.g., from a low-carbon fuel standard) for improved conservation 
practices that would increase the amount of carbon sequestered in the soil. 

 
cycle_greenhouse_gas_emissions_with_economic_ecosystem_and_life-cycle_models (accessed Feb. 24, 
2021). 
237 U.S. Environmental Protection Agency, “Lifecycle Greenhouse Gas Emissions for Select Pathways” 
(2016): https://www.epa.gov/sites/production/files/2016-07/documents/select-ghg-results-table-v1.pdf 
(accessed Feb. 24, 2021). 
238 Cf. the value of 19.8 grams of CO2 per megajoule in California Air Resources Board, “Detailed 
Analysis for Indirect Land Use Change” (2015), Table H-5, Summary of ILUC Values: p. I-25: 
https://ww2.arb.ca.gov/sites/default/files/classic//fuels/lcfs/iluc_assessment/iluc_analysis.pdf (accessed 
Feb. 24, 2021) vs. the estimate of 104 gCO2/MJ in Timothy Searchinger et al., “Use of U.S. Croplands for 
Biofuels Increases Greenhouse Gases Through Emissions from Land-Use Change,” Science (2008), Table 
1: 319(5867), pp. 1238-40: 
https://www.researchgate.net/publication/326450544_Use_of_US_Croplands_for_Biofuels_Increases_Gr
eenhouse_Gases_Through_Emissions_from_Land-Use_Change (accessed Feb. 24, 2021). 
239 Lee et al., op. cit., supra note 189, Figure 5. 
240 U.S. Energy Information Administration, “Annual Energy Outlook 2021,” Table 11. Petroleum and 
Other Liquids Supply and Disposition (Reference case): 
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=11-AEO2021&region=0-
0&cases=ref2021&start=2019&end=2050&f=A&linechart=ref2021-d113020a.3-11-
AEO2021&chartindexed=0&sourcekey=0 (accessed Feb. 24, 2021). 
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i. Corn may be a particular beneficiary of carbon sequestration incentives, 
according to studies that looked at carbon stored below the 30-centimeter 
depth usually measured (12 inches). A long-term study by USDA in 
eastern Nebraska found that corn grown with best management practices 
had average annual increases in soil organic carbon of one ton per acre, 
more than half of it below the 30 cm depth.241  
 

 Note: A combination of best practices – the use of renewable natural gas in 
processing and carbon-sequestering techniques on the farm – would bring corn 
ethanol’s carbon footprint almost to zero, and carbon capture and storage after 
processing would make it a carbon-negative fuel. 

 
4. EPA regulation of ethanol blends 

a. The Clean Air Act prohibits fuel manufacturers from introducing into commerce, 
or increasing the concentration of, new fuels and fuel additives unless they are 
“substantially similar” to fuels or fuel additives used in the certification of motor 
vehicles.242  

i. Since EPA now uses ethanol (in E10) as its certification fuel for new vehicles, 
increasing the concentration of ethanol in gasoline is not prohibited.  

b. The law separately limits Reid vapor pressure (RVP) – a measure of the fuel’s 
propensity to give off evaporative emissions – for fuel blends containing gasoline 
and 10% ethanol (E10).243 EPA granted RVP waivers in 2010 and 2011 to enable 
the use of E15 in late-model vehicles – those produced from model year 2001 on.  

c. In 2019 EPA issued an interpretive rulemaking defining gasoline blended with up 
to 15% ethanol as “substantially similar” to the E10 fuel it has used since 2014 to 
certify all new motor vehicles.244 Referring to the RVP limit, EPA said, “We are 
interpreting this language as establishing a lower limit, or floor, on the minimum 
ethanol content … rather than an upper limit on the ethanol content.”245 However, 
a federal appeals court struck down that action in 2021.246 

 
241 Ronald F. Follett et al., “Soil Carbon Sequestration by Switchgrass and No-Till Maize Grown for 
Bioenergy,” BioEnergy Research (2012): 5: pp. 866-75: 
https://www.researchgate.net/publication/256147354_Soil_Carbon_Sequestration_by_Switchgrass_and_
No-Till_Maize_Grown_for_Bioenergy (accessed Feb. 24, 2021). 
242 42 U.S. Code, sec. 7545, “Regulation of fuels”, subsection (f), “New fuels and fuel additives”: 
https://www.law.cornell.edu/uscode/text/42/7545 (accessed Feb. 24, 2021). 
243 Ibid., subsection (h)(4), “Ethanol waiver.” 
244 U.S. EPA, “Modifications to Fuel Regulations To Provide Flexibility for E15,” op. cit., supra note 
173: pp. 26980-27025. 
245 Ibid., p. 26992. 
246 American Fuel & Petrochemical Manufacturer v. Environmental Protection Agency, Opinion 19-1124, 
U.S. Court of Appeals for the D.C. Circuit, July 2, 2021: 
https://www.cadc.uscourts.gov/internet/opinions.nsf/D33AF132E64A3D1E85258706005062EC/$file/19-
1124-1904888.pdf (accessed July 7, 2021). 
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i. EPA said in its rulemaking, “We are confident that relative evaporative 
emissions effects for E15 would largely be similar or slightly less than those 
for E10.”247 Since the RVP of ethanol blends reaches its maximum level at 
E10 and then declines as more ethanol is added, this conclusion would be 
equally true of higher-level blends.248 249 In fact, the RVP of E30 is similar to 
that of E0.250 
 

 Note: EPA could either certify E30 fuel based on an application from an 
automaker or simply define E30 as “substantially similar” to E10. The benefits 
derived from adding ethanol to gasoline – in terms of reduced emissions and 
improved performance that offsets the lower energy content of ethanol – appear to 
be optimized around the 30% blend level – as Thomas Midgley found a century 
ago. 
 

d. Citing the need for “the development of infrastructure and promotion of fuels, 
including biofuels, which will enable the development and widespread 
deployment of advanced technologies,” in May 2010 President Obama issued an 
Executive Memorandum requesting that EPA “review for adequacy the current 
non-greenhouse gas emissions regulations for new motor vehicles, new motor 
vehicle engines, and motor vehicle fuels, including tailpipe emissions standards 
for nitrogen oxides and air toxics, and sulfur standards for gasoline.” Yet no 
action addressing fuels or mobile source air toxics resulted.251 

e. Regarding other air pollutants, a 2008 study by the National Renewable Energy 
Laboratory found that increasing ethanol content (to E20) reduced hydrocarbon 
emissions while increasing emissions of ethanol and aldehydes. Vehicles that 
used a power enrichment strategy called long-term fuel trim (LTFT) to adjust the 
engine’s air-fuel ratio showed no statistically significant fuel effect on emissions, 
including NOx.252 

 
247 U.S. EPA, “Modifications to Fuel Regulations To Provide Flexibility for E15,” op. cit., supra note 
173: p. 26993. 
248 Wei-Dong Hsieh et al., “Engine performance and pollutant emission of an SI engine using ethanol–
gasoline blended fuel,” Atmospheric Environment (2002): 36(3), p. 403: 
https://www.sciencedirect.com/science/article/abs/pii/S1352231001005088 (accessed Feb. 24, 2021). 
249 V.F. Andersen et al., “Vapor Pressures of Alcohol−Gasoline Blends,” Energy Fuels (2010): 24(6): pp. 
3647-54, Table S-2: https://pubs.acs.org/doi/full/10.1021/ef100254w (accessed June 11, 2021). 
250 C. Hammel-Smith et al., “Issues Associated with the Use of Higher Ethanol Blends (E17-E24)” 
(2002), Technical Report, National Renewable Energy Laboratory: NREL/TP-510-32206, Table 3-1, p. 
13: http://www.nmma.org/lib/docs/nmma/gr/environmental/32206.pdf (accessed July 6, 2021). 
251 The White House, “Presidential Memorandum Regarding Fuel Efficiency Standards” (2010): 
https://obamawhitehouse.archives.gov/the-press-office/presidential-memorandum-regarding-fuel-
efficiency-standards (accessed July 7, 2021). 
252 Keith Knoll et al., “Effects of Mid-Level Ethanol Blends on Conventional Vehicle Emissions,” 
NREL/CP-540-46570 (2009): 2009-01-2723: pp. 1-16: https://www.nrel.gov/docs/fy10osti/46570.pdf 
(accessed Feb. 24, 2021). 
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i. Automakers can readily adjust the engine’s air-fuel ratio to keep NOx 
emissions within permissible levels: A 2014 Ford study of a flexible fuel 
vehicle found that NOx emissions decreased by approximately 50% as the 
ethanol content increased from zero to E30-E40. The study pointed to the 
importance of engine calibration: “Upon sensing greater ethanol content in 
the fuel, the calibration prescribed different engine operating 
conditions.”253 

ii. Aldehyde emissions can be controlled with a conventional oxidation 
catalyst.254 

 
IV.  The urgency of action 

Dr. Frederica P. Perera is Professor of Environmental Health Sciences and Founding Director 
of the Columbia Center for Children's Environmental Health, currently serving as Director of 
Translational Research. She is internationally recognized for pioneering the field of molecular 
epidemiology, utilizing biomarkers to understand links between environmental exposures and 
disease. Her research, cited above, addresses the multiple impacts of fossil fuel combustion on 
children's health and development – both from the toxic pollutants emitted, such as PAHs, and 
from climate change related to CO2 emissions.255 The following commentary, while not 
addressing aromatics specifically, is nonetheless eloquently on point. It is drawn from her paper 
“Multiple Threats to Child Health from Fossil Fuel Combustion: Impacts of Air Pollution and 
Climate Change”: 

 
Fossil-fuel combustion by-products are the world’s most significant threat to children’s 
health and future and are major contributors to global inequality and environmental 
injustice. The emissions include a myriad of toxic air pollutants and carbon dioxide 
(CO2), which is the most important human-produced climate-altering greenhouse gas. 
Synergies between air pollution and climate change can magnify the harm to children. 
Impacts include impairment of cognitive and behavioral development, respiratory illness, 
and other chronic diseases – all of which may be “seeded” in utero and affect health and 
functioning immediately and over the life course.  
 
By impairing children’s health, ability to learn, and potential to contribute to society, 
pollution and climate change cause children to become less resilient and the communities 
they live in to become less equitable. The developing fetus and young child are 
disproportionately affected by these exposures because of their immature defense 
mechanisms and rapid development, especially those in low- and middle-income 

 
253 Carolyn P. Hubbard et al., “Ethanol and Air Quality: Influence of Fuel Ethanol Content on Emissions 
and Fuel Economy of Flexible Fuel Vehicles,” Environmental Science & Technology (2014): 48(1): p. 
865: https://web.math.princeton.edu/~sswang/es404041v.pdf (accessed Feb. 24, 2021). 
254 Matthew Brusstar et al., U.S. Environmental Protection Agency, “High Efficiency and Low Emissions 
from a Port-Injected Engine with Neat Alcohol Fuels” (2002): p. 6: “Earlier work at EPA with DI [direct-
injection] methanol engines demonstrated the ability to control [PM and aldehyde emissions] to very low 
levels with a conventional oxidation catalyst.” https://archive.epa.gov/otaq/technology/web/pdf/sae-2002-
01-2743-v2.pdf (accessed Feb. 24, 2021). 
255 Perera is the lead author of five works cited here. See supra notes 7, 114, 116, 117, and 122. 
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countries where poverty and lack of resources compound the effects. No country is 
spared, however: Even high-income countries, especially low-income communities and 
communities of color within them, are experiencing impacts of fossil fuel-related 
pollution, climate change and resultant widening inequality and environmental injustice. 
Global pediatric health is at a tipping point, with catastrophic consequences in the 
absence of bold action.  
 
Fortunately, technologies and interventions are at hand to reduce and prevent pollution 
and climate change, with large economic benefits documented or predicted. All cultures 
and communities share a concern for the health and well-being of present and future 
children: This shared value provides a politically powerful lever for action.256 
 

V. Summary and recommendations 

The use of aromatics in gasoline is an unnecessary cause of toxic air pollution that harms and 
shortens lives – as a major contributor to fine particle emissions, especially dangerous PAHs and 
secondary organic aerosol. These emissions are a menace to the health and cognitive 
development of millions of children who live in high-traffic areas. EPA has yet to fulfill its 
statutory obligation to produce the greatest degree of emission reduction achievable in the 
hazardous air pollutants from motor vehicles and motor vehicle fuels.257 The risk to public health 
has been increased by the shift to new automotive direct-injection engine technology. 
Pollution causes many threats to public health, not all of which can be cost-effectively regulated, 
but it is hard to imagine one that could be solved more easily or at less cost than this one. 
Reducing the use of aromatics requires only a minor regulatory adjustment and would deliver 
important benefits for both public health and the environment. Reconsideration of national fuel 
economy standards provides an opportunity for EPA to: 

• Immediately permit the sale and use of higher-level ethanol blends. 
• Encourage their adoption as a standard fuel for vehicles sold in model year 2025 and 

beyond.  
• Reduce the cap on aromatic content in gasoline by half – to no more than 12.5% in 

reformulated gasoline, much as it imposed a cap on benzene in 2007.258  

The California Air Resources Board should do likewise, and its Low Carbon Fuel Standard 
should become a model for federal legislation, replacing the Renewable Fuel Standard at the 
national level. Concurrently, automakers should be encouraged to optimize their vehicle designs 
to take best advantage of ethanol’s beneficial attributes. 
We are on the cusp of a rapid global shift to electric vehicles as a necessary and urgent response 
to climate change, but internal combustion engines will remain a substantial part of the light-duty 
fleet until mid-century. As a transition strategy for the next 30 years, reducing aromatics through 
the increased use of ethanol would have significant near-term climate benefits for the 
transportation sector. The public health benefits – especially to newborn children – demand this 
change and could be replicated at greater scale, to even greater effect, worldwide.   

 
256 Perera, “Multiple Threats to Child Health from Fossil Fuel Combustion,” op. cit., supra note 114. 
257 42 U.S. Code, sec. 7521, op. cit., supra note 125. 
258 U.S. EPA, “Control of Hazardous Air Pollutants From Mobile Sources” (2007), op. cit., supra note 
131: p. 8477-79. 
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High-priority opportunities for immediate action 
 
The Clean Air Act prohibits fuel manufacturers from introducing into commerce, or increasing 
the concentration of, new fuels and fuel additives unless they are “substantially similar” to fuels 
or fuel additives used in the certification of motor vehicles. Since EPA now uses E10 as its 
certification fuel for new vehicles, increasing the concentration of ethanol in gasoline to E30 
would be permissible. 
 
 EPA should define gasoline blended with 30% ethanol as “substantially similar” to E10. 

The benefits derived from adding ethanol to gasoline – in terms of reduced emissions and 
improved performance that offsets the lower energy content of ethanol – appear to be 
optimized around the 30% blend level. 
 

 Concurrently, upon an automaker’s request for approval of an E30 certification fuel, EPA 
should move quickly to grant it. This would, among other things, resolve any remaining 
uncertainties about the effect of higher levels of ethanol on pollutants such as nitrogen 
oxides and aldehydes, which can be managed by appropriate engine settings and 
emissions technology. Approval would be a green light to automakers to optimize their 
new vehicles for higher-octane fuel –enabling them to improve vehicle efficiency and 
performance.  

Near-term regulatory opportunities 
 
 EPA should incorporate the use of higher-octane fuels as an available control strategy for 

reducing greenhouse gas emissions and increasing fuel economy standards. It should set a 
minimum octane standard for gasoline used in light-duty vehicles, and that standard 
should ensure the use of biofuels, not aromatics, to increase octane – either by setting the 
standard high enough to preclude the use of aromatics only, or by capping the permissible 
level of aromatics in fuel (at 12.5%, half the current limit for reformulated gasoline), or 
both. 

 

 EPA and NHTSA should review and revise available incentives for alternative fuels to 
support the use of biofuels. In particular, the agencies should discard their outdated 
analysis of ethanol’s life-cycle greenhouse gas footprint and conform it to the most recent 
assessments from USDA and Argonne National Laboratory. 
 

 EPA should revise its MOVES model, which estimates emissions for mobile sources at 
the national, county, and project level for criteria air pollutants, greenhouse gases, and air 
toxics. A 2014 update based on erroneous modeling assumptions has casued the model to 
predict incorrectly elevated emissions factors for ethanol blends. 
 

 More generally, EPA should undertake a thorough revision of its air quality models, 
which fail to account for secondary organic aerosol – a major contributor to deadly fine 
particle pollution – and should rely more heavily on atmospheric measurement of 
pollution levels instead of model predictions. 
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Longer-term legislative opportunities 
 
The Renewable Fuel Standard has served its purpose but is not well adapted to the urgent need to 
reduce greenhouse gas emissions. California’s Low Carbon Fuel Standard (LCFS) has 
demonstrated the value, impact, and effectiveness of market-based price incentives for 
performance and should be adopted by Congress as a substitute for the RFS. 

 
 Congress should develop a national LCFS reflecting “the best-available science about the 

carbon intensity of fuel production, farming practices, land use changes, and crop 
productivity.” Such a standard should reward producers that use “climate-smart practices 
that reduce carbon emissions, store soil carbon, and reduce nitrous oxide emissions.” In 
particular, credit for soil carbon sequestration under a national LCFS would incentivize 
farmers to employ improved conservation practices that would minimize the 
environmental impacts of corn production. 

 

 Congress should provide incentives to retail gasoline outlets to encourage them to update 
their refueling infrastructure, including UL-certified pumps and waterproof underground 
tanks. 


