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INTRODUCTION
Urban Air Initiative (UAI) respectfully submits these comments on the National
Highway Traffic Safety Administration’s (NHTSA’s) Draft Environmental Impact Statement for
the Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Year 2021–2026 Passenger Cars
and Light Trucks, Docket No. NHTSA-2017-0069 (July 2018) (“DEIS”),
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/ld_cafe_my202126_deis_0.pdf. UAI is a non-profit organization dedicated to improving air quality and
protecting public health by reducing vehicle emissions. UAI is focused on increasing the use
of clean-burning ethanol in our gasoline supply to replace harmful aromatic compounds in
gasoline. UAI is helping meet public policy goals to lower emissions and reduce carbon in
the environment through scientific studies and real-world data to promote new fuels, engine
design, and public awareness.
In these brief comments, UAI focuses on three discrete issues that relate to topics
addressed in the DEIS.
First, UAI notes the significant environmental and human health impacts of the
gasoline components that ethanol displaces. For instance, aromatic compounds are a source
of octane in gasoline that contain several toxic chemicals, including benzene, toluene, and
xylene. Displacing such gasoline components with added quantities of ethanol reduces the
associated environmental impacts.
Second, UAI notes the greenhouse gas emissions benefits of ethanol when used as a
transportation fuel or fuel additive.
Third, UAI suggests that the DEIS should be modified to remove any statements that
could be read to suggest that it is uniformly unsafe or inappropriate for ethanol blends over
E15 to be used in vehicles other than flex fuel vehicles (FFVs).
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DISCUSSION
I. INCREASING ETHANOL LEVELS IN GASOLINE WOULD DISPLACE CHEMICALS THAT HAVE
SIGNIFICANT ENVIRONMENTAL AND HUMAN HEALTH IMPACTS.
As the DEIS notes, motor vehicle emissions from conventional gasoline-fueled
vehicles have significant adverse impacts on the environment and on human health. See, e.g.,
DEIS at S-6 - S-9 (summarizing impacts of mobile source criteria pollutants and toxic air
pollutants); id. at 4-3 - 4-5. Ethanol can be used to displace gasoline components that
contribute to these impacts. In other words, replacing today’s E10 gasoline with a mid-level
ethanol-gasoline blend would not only increase gasoline octane, but reduce tailpipe and
evaporative emissions of harmful air pollutants. Many studies have established that midlevel ethanol blends would reduce – to an even greater extent than E10 – emissions and
ambient levels of particulate matter (PM); the aromatic hydrocarbons benzene, toluene,
ethylbenzene, and xylene (collectively known as BTEX); non-methane organic gases
(NMOG); NOx; and other pollutants, including secondary organic aerosols (SOA),
polycyclic aromatic hydrocarbons (PAH), and other mobile source air toxics (MSATs).
Additionally, blending a higher volume of ethanol into gasoline would reduce the Reid
Vapor Pressure (RVP) of the resulting fuel mixture, which would reduce evaporative
emissions associated with E10. By contrast, if aromatics (a component of conventional
gasoline) instead of ethanol were used to further increase gasoline octane levels, the result
would be to increase harmful air pollutant emissions.
For more detailed information on this topic, please see Comments of Urban Air
Initiative et al., EPA, Reconsideration of the Final Determination of the Mid-Term Evaluation of
Greenhouse Gas Emissions Standards for Model Year 2022-2025 Light-Duty Vehicles, EPA-HQOAR-2015-0827-9904, at 15-19 (Aug. 21, 2017), https://bit.ly/2NgfiSZ (attached as
Exhibit A).1

See also Comments of Urban Air Initiative et al., EPA-NHTSA Technical Assessment Report, EPAHQ-OAR-0827-4003, at 12 (Sept. 28, 2016); Comments of The Energy Future Coalition et al.,
Renewable Fuel Standard Program: Standards for 2017 and Biomass-Based Diesel Volume for 2018,
EPA-HQ-OAR-2016-0004-2772, at 59–63 (May 31, 2016).
1
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II. INCREASING ETHANOL LEVELS IN GASOLINE WOULD RESULT IN SIGNIFICANT
GREENHOUSE GAS EMISSIONS BENEFITS.
Blending ethanol into gasoline greatly reduces greenhouse gas emissions.2 The DEIS
correctly notes that “when ethanol crops are grown, they capture CO2 and offset the GHG
emissions later released through fuel combustion. The higher the blend of ethanol in the
fuel, the lower the net GHG emissions.” DEIS at 6-29. As the DEIS further notes, “Wang et
al. (2007) found that, depending on the energy source used during production, corn-based
ethanol can reduce well-to-wheels GHG emissions by up to 52 percent compared to
gasoline. Similarly, Canter et al. (2016) estimate that corn grain ethanol can lead to a 40
percent reduction in GHG emissions.” Id. at 6-30. These statements are correct and are
appropriate for helping assess the environmental impacts of substituting ethanol for gasoline
as a fuel or of substituting ethanol for gasoline components as a fuel additive in gasoline.
The 2016 estimate and other recent analyses supersede an older analysis issued by
EPA in 2010.3 The 2010 analysis estimated that by 2022, corn ethanol plants using natural
gas and corn oil fractionation technology would achieve median annual lifecycle
greenhouse gas (GHG) emissions savings of 21% compared to EPA’s 2005 gasoline carbon
intensity baseline.4 As EPA predicted would occur, the 2010 estimate now requires
updating.5

Of course, the proposed rule – which is “an economically significant action” subject to regulatory
review under the relevant Executive Orders – must be “based on the best available science.” Exec.
Order No. 12,866 § 1(a), 3 C.F.R. 638 (1994), reprinted as amended in 5 U.S.C. § 601 app. at 45-49
(2006); see NHTSA and EPA, The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Years
2021–2026 Passenger Cars and Light Trucks, 83 Fed. Reg. 42986, 43471 (Aug. 24, 2018) (proposed rule)
(noting that under section 3(f)(1) of Exec. Order No. 12866, “this action is an ‘economically
significant regulatory action’”).
2

In 2010, EPA conducted a comprehensive lifecycle analysis of corn ethanol and gasoline in support
of its RFS program (2010 LCA). See Renewable Fuel Standard Program, Regulatory Impact
Analysis (2010) (“2010 RFS RIA”); see also Regulation of Fuels and Fuel Additives: Changes to
Renewable Fuel Standard Program, 75 Fed. Reg. 14,670 (Mar. 26, 2010) (2010 RFS Rule). The RFS
statute requires EPA to estimate lifecycle ethanol emissions, including emissions from land-use
change. See 42 U.S.C. § 7545(o)(1)(H).
3
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2010 RFS Rule, 75 Fed. Reg. at 14,786; see id. at 14,788.

See id. at 14,765 (“recogniz[ing] that as the state of scientific knowledge continues to evolve in this
area, the lifecycle GHG assessments for a variety of fuel pathways will continue to change”); id. at
14,765, 14,785 (undertaking to further reassess lifecycle estimates on ongoing basis, and to
5
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A recent 2018 study largely tracks the methodology of EPA’s 2010 analysis.6 As the
2017 study explains, “a large body of information has become available since 2010—
including new data, scientific studies, industry trends, technical reports, and updated
emission coefficients. Collectively, the new information indicates that . . . actual emissions .
. . differ, sometimes significantly, from those projected” previously.7 The 2018 study
estimates that under current conditions, corn ethanol was on average 39% less carbonintensive than EPA’s 2005 gasoline baseline, and that corn ethanol’s advantage will grow to
44.3% by 2022.8 And there is room for improvement. With wide implementation of certain
agricultural practices that promote soil carbon sequestration and with the adoption of lowemission ethanol plant technologies that are available today, current corn ethanol
production could be 46.7% less carbon-intensive than 2005 baseline gasoline on an energyequivalent basis.9
Moreover, the USDA analysis does not account for the fuel efficiency gains that
would be possible if ethanol were blended above the 10% level of most U.S. gasoline.10 By
enabling the auto industry to produce engines with higher compression ratios and more fuel-

incorporate “any updated information we receive into a new assessment” of lifecycle GHG
emissions performance).
The study was commissioned by the U.S. Department of Agriculture. See ICF, A Life-Cycle
Analysis of the Greenhouse Gas Emissions of Corn-Based Ethanol (Sept. 5, 2018) (“2018 USDA
LCA”). The DEIS refers to a prior, 2017 version of this study as Flugge et al. 2017. See DEIS 6-30 –
6-31, 12-32.
6

7

2018 USDA LCA 4.

8

Id. at 98.

9

Id.; see also David E. Clay et al., Corn Yields and No-Tillage Affects Carbon Sequestration and Carbon
Footprints, 104 Agron. J. 763 (2012); compare DEIS at 6-31 (citing Flugge et al. 2017 for proposition
that “[b]y 2022, the carbon intensity of corn grain ethanol is projected to decline from 2014 levels by
nearly 10 percent under a business as usual scenario and by nearly 60 percent under a scenario with
increased agricultural conservation, making ethanol 48 percent to 76 percent less GHG-intensive
than gasoline”).
Compare DEIS at 6-30 - 6-31 (describing study by three Department of Energy national laboratories
examining “impact on well-to-wheels GHG emissions from high-octane fuel vehicles resulting from
miles per gallon of gasoline-equivalent … gains of 5 and 10 percent, various ethanol blend levels
(E10, E25 and E40), and changes in refinery operation with high-octane fuel production relative to
baseline E10 gasoline vehicles”).
10
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efficient vehicles, high-octane mid-level ethanol fuel blends could achieve significant
downstream and upstream GHG reductions.11
In brief, new evidence and improved modeling show that:
•

Increased demand for corn causes much less land-use change and related
emissions than was initially predicted in 2010.

•

Improved practices and technologies are reducing the carbon intensity of
ethanol by increasing the amount of soil carbon that is captured from the
atmosphere by the corn plant and sequestered underground. In fact, the
evidence suggests that many corn fields are net carbon “sinks,” capturing
more carbon than is released by land-use change and by farming.

•

Improved practices and technologies have reduced nitrogen fertilizer
losses of the greenhouse gas nitrous oxide (N2O), and updated guidance
has reduced the weight given to N2O compared to other GHG pollutants.

•

As yields have continued to increase, ethanol plants have become much
more efficient. Ethanol plants are also producing new co-products that
reduce the carbon intensity of ethanol.

•

Petroleum-based fuels are becoming increasingly carbon-intensive. That
increases the comparative benefit of corn ethanol.

For more information on this topic, please see Comments of Urban Air Initiative et
al., EPA Proposed Rule, Renewable Fuel Standard Program: Standards for 2018 and BiomassBased Diesel Volume for 2019, Docket ID No. EPA-HQ-OAR-2017-0091 (Aug. 31, 2017),
https://bit.ly/2DCE231 (attached as Exhibit B).
III. THE ENVIRONMENTAL IMPACT STATEMENT SHOULD AVOID POTENTIALLY
OVERBROAD GENERALIZATIONS WITH RESPECT TO THE SAFETY OF USING ETHANOL
BLENDS OVER E15 IN VEHICLES OTHER THAN FLEX FUEL VEHICLES (FFVS).

The DEIS states: “Ethanol blends over E15, including E85, should only be used in
flexible fuel vehicles, because ethanol has a high alcohol content and can soften and degrade

See Control of Air Pollution from Motor Vehicles: Tier 3 Motor Vehicle Emission and Fuel Standards, 79
Fed. Reg. 23,414, 23,528–29 (Apr. 28, 2014) (“E30 or higher ethanol blends . . . could help
manufacturers who wish to raise compression ratios to improve vehicle efficiency as a step toward
complying with the 2017 and later light-duty greenhouse gas and CAFE standards. This in turn
could help provide a market incentive to increase ethanol use beyond E10.”).
11
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gaskets, seals, and other equipment in nonflexible fuel vehicles.”12 However, the source that
the DEIS cites for this broad generalization does not appear to support the generalization.
The generalization is likely more appropriate for ethanol blends close to E85 than it is for
blends between E15 and (say) E30.13
Indeed, some existing non-flex-fuel gasoline-fueled vehicles on the U.S. market are
already described in their owner’s manuals as E25-capable, which implies that past concerns
about equipment softening and degradation have been mitigated and even eliminated in
recent years as manufacturers have improved the resiliency of equipment components.14
Relatedly, EPA recently approved a pilot project requested by the state of Nebraska to study
the use of higher-ethanol blends. In the pilot program, Nebraska will study the use of E30 in
conventional vehicles owned by the state, assessing the effects of E15 and E30 blends on
vehicle performance, fuel economy, and emissions control systems.15
Of course, midwestern states already have a substantial fueling infrastructure for flexfuel vehicles, which can be used and adapted for mid-level ethanol blends such as E25 or
E30.16 Stations in these states are already dispensing mid-level ethanol blends in significant
volumes. For example, Minnesota statistics show that drivers in the state are purchasing and

DEIS at 6-30 (citing Department of Energy, Handbook for Handling, Storing, and Dispensing E85
and Other Ethanol-Gasoline Blends, DOE/Go-102016-4854 (Feb. 2016),
http://www.afdc.energy.gov/uploads/publication/ethanol_handbook.pdf).
12

Cf. id. at 8 (“Ethanol blends may impact metallic and elastomer materials in fueling systems. To
address these issues, manufacturers have upgraded materials and developed products that are
compatible with blends up to E25 or with blends up to E85. Many elastomer materials (primarily used
as hoses and seals) have been changed in fueling equipment to accommodate a range of fuels
(including ethanol blends and ultra-low sulfur diesel) and in anticipation of additional alternative
fuels entering the market.”) (emphasis added).
13

See 2016 BMW X1 Owner’s Manual 184, http://bit.ly/2tuOyjG (“Fuels with a maximum ethanol
content of 25%, i.e. E10 or E25, may be used for refueling.”); 2015 Mini Owner’s Manual 172,
http://bit.ly/2utpieV (same).
14

15

See Office of Governor Pete Ricketts, Gov. Ricketts Welcomes EPA Approval of E-30 Pilot for State of
Nebraska Vehicles, https://governor.nebraska.gov/press/gov-ricketts-welcomes-epa-approval-e-30pilot-state-nebraska-vehicles (Sept. 25, 2018).
See Caley Johnson et al., High-Octane Mid-Level Ethanol Blend Market Assessment 42 (Dec. 2015)
(including map showing “how dominant the Midwest’s flex fuel market is”).
16
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using substantial volumes of E20 and E30 blends. This evidence suggests that many drivers
with access to mid-level blends may be electing to use them in their non-FFV vehicles.17
We acknowledge that EPA officials have previously taken the position that section
211(f) of the Clean Air Act limits the concentration of ethanol that may be blended into
gasoline for use in gasoline-fueled vehicles. We respectfully submit that that past position
has been superseded by supervening legal developments. Section 211(f) restricts the sale of
fuel additives that are not “substantially similar” to additives in the EPA-approved test fuels
used to certify new vehicles. But ethanol is already used in an EPA-approved test fuel and
therefore satisfies the “substantially similar” requirement. As of 2017, the gasoline
certification fuel contains 10% ethanol. EPA should reinterpret “substantially similar” for
gasoline to recognize that ethanol is now a fuel additive used in certification, and section
211(f) therefore no longer controls ethanol content in market fuel. For this reason, the Clean
Air Act authorizes EPA to regulate ethanol only under section 211(c)—the same provision
that authorizes EPA to regulate other fuel components. For more detailed information on
this legal issue, please see the Urban Air Initiative et al., Midterm Evaluation Comments,
EPA-HQ-OAR-2015-0827-9904, Addendum B (Aug. 21, 2017), https://bit.ly/2NgfiSZ
(attached as Exhibit A).

See Minnesota Dep’t of Commerce, 2018 Minnesota E85 + Mid-Blends Station Report,
http://mn.gov/commerce-stat/pdfs/e85-fuel-use-2018.pdf (visited Oct. 22, 2018) (reporting Jan.Aug. 2018 sales volumes of over 438,000 gallons of E30 and over 156,000 gallons of E20).
According to the Department of Energy (DOE), 149 of the 387 E85 stations in Minnesota offer midlevel blends. See DOE, Alternative Fuels Data Center, Alternative Fueling Station Locator,
http://bit.ly/2sYkYq3 (visited Oct. 22, 2018).
17
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EXECUTIVE SUMMARY
Urban Air Initiative; Clean Fuels Development Coalition; Nebraska Ethanol Board;
Nebraska Ethanol Industry Coalition; Glacial Lakes Energy, LLC; Siouxland Ethanol,
LLC; Prairie Horizons Agri-Energy, LLC; and Little Sioux Corn Processors, LLLP; South
Dakota Farmers Union; and Nebraska Farmers Union (Commenters) respectfully submit
these comments on the United States Environmental Protection Agency’s Reconsideration of
the Final Determination of the Mid-Term Evaluation of Greenhouse Gas Emissions Standards for
Model Year 2022–2025 Light-Duty Vehicles.
The Commenters commend EPA for putting the Midterm Evaluation back on the
course that EPA and the National Highway Traffic Safety Administration (NHTSA) agreed
to in the 2012 joint rulemaking on greenhouse gas (GHG) and corporate average fuel
economy (CAFE) standards. EPA’s January 2017 “Final Determination” ignored fuel, one
of the key factors to be considered in any discussion of fuel efficiency and carbon
emissions.1 In particular, EPA’s assessment of the feasibility of the existing GHG standards
ignored octane’s contribution to fuel efficiency, even though the Final Determination relied
on computer models that assume the use of high-octane fuels.2
EPA was right to reconsider that decision and to explicitly request comment on
“[t]he impact of the standards on advanced fuels technology, including but not limited to
the potential for high-octane blends.”3
Our nation’s vehicles can be only as clean and efficient as the fuels that power them.
In 2014, EPA recognized that “E30 or higher ethanol blends . . . could help manufacturers
1

Final Determination on the Appropriateness of the Model Year 2022-2025 Light-Duty Vehicle Greenhouse Gas
Emissions Standards under the Midterm Evaluation (Jan. 2017).
2

See Energy Future Coalition & Urban Air Initiative, Comments on EPA’s Proposed Determination
on the Appropriateness of the Model Year 2022-2025 Light-Duty Vehicle Greenhouse Gas Standards Under
the Midterm Evaluation, EPA-HQ-OAR-2015-0827-6226 (Dec. 30, 2016).
3

Request for Comment on Reconsideration of the Final Determination of the Mid-Term Evaluation of
Greenhouse Gas Emissions Standards for Model Year 2022–2025 Light-Duty Vehicles; Request for Comment on Model
Year 2021 Greenhouse Gas Emissions Standards, 82 Fed. Reg. 39551, 39553 (2017) (hereinafter Request for
Comment).
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who wish to raise compression ratios to improve vehicle efficiency as a step toward
complying with the . . . CAFE standards.”4 Auto manufacturers unanimously agreed.5 Now
is the time to act.
Opening the door to affordable, high-octane, midlevel ethanol blends is the right
decision for the auto industry, which is making design choices today that will affect the
efficiency of the vehicles of the future.
EPA should use the opportunity presented by the Midterm Evaluation to break down
regulatory barriers that prevent manufacturers from building more efficient, cleaner vehicles
that run on midlevel ethanol blends.
First, this means approving an alternative high-octane certification fuel—like a 98–
100 RON E25 or higher ethanol blend—as EPA suggested in 2014. Until auto
manufacturers are allowed to certify on the fuel, they cannot design vehicles that take full
advantage of its properties. EPA could grant an application from an automaker, or the
Agency could simply announce that the new cert fuel is available, as it has done in the past.
The Department of Energy has already demonstrated the fuel’s benefits. If it is available and
measured fairly, manufacturers will design for it.
Second, EPA should expand the market for higher-octane, higher-ethanol blends by
redefining the range of fuels that are “substantially similar” to gasoline. As of 2017, the
gasoline certification fuel contains ethanol for the first time. EPA’s current “sub-sim”
definition is clearly obsolete, because its 2.7% oxygen cap is inconsistent with the 10%
ethanol concentration of the gasoline certification fuel. Because ethanol is now a fuel

4

Control of Air Pollution from Motor Vehicles: Tier 3 Motor Vehicle Emission and Fuel Standards, 79 Fed.
Reg. 23,414, 23,528–29 (Apr. 28, 2014).
5

See, e.g., Ford Motor Company, Comments on Proposed Tier 3 Rule, EPA-HQ-OAR-2011-01354349, at 17 (July 1, 2013) (“[I]ncreased octane rating from increased ethanol content has the potential to allow
for fuel economy, performance and emissions improvements through more efficient engine designs.”);
Alliance of Automobile Manufacturers, Comments on Draft Technical Assessment Report, EPA-HQ-OAR2015-0827-0095, at 71 (Sept. 26, 2016) (“The widespread availability of higher octane rated gasoline . . . is a
key enabler for the next phase of advanced engines expected to occupy a large fraction of the vehicle fleet.”).

ii

additive used in certification, past interpretations of Clean Air Act section 211(f) to limit
ethanol blending in the market must be revised.
Third, EPA must correct its fuel economy equation to accurately certify vehicles
running on ethanol blends. EPA has admitted that the formula’s “R-factor” unfairly
penalizes vehicles that are certified on ethanol blends.6 EPA has promised to fix the
formula, 7 and it is time for the Agency to fulfill that promise.
In addition, EPA could eliminate barriers to the use of cleaner, high-octane fuel by
crediting ethanol’s upstream greenhouse gas reductions in the GHG emissions formula, as
the Agency has asserted authority to do.8 And EPA could credit ethanol for its displacement
of petroleum in the fuel economy formula, as the Energy Independence and Security Act of
2007 allows.9 But at the very least, EPA must remove the R-factor’s unfair penalty for
ethanol blends, as the law requires.10
Fourth, EPA must correct its discriminatory RVP standard for fuel blends with more
than 10% ethanol. For automakers to design next-generation vehicles, the high-octane fuel
must be available in the market. But EPA’s former interpretation of the 1 psi RVP waiver
6

Aron Butler, Analysis of the Effects of Changing Fuel Properties on the EPA Fuel Economy
Equation and R-Factor, at 4–5, Memorandum to the Tier 3 Docket, EPA-HQ-OAR-2011-0135 (Feb. 28,
2013).
7

79 Fed. Reg. at 23531 (“While there has been some data evaluated to assess the impact of changing
the emission test fuel on the ‘R’ factor, EPA did not propose a value in the NPRM and specifically stated that
we would continue to investigate this issue and if necessary address it as part of a future action, as opposed to
changing it in the Tier 3 final rule.”); id. at 23532 (“EPA expects to have the needed data in early to mid 2015
and will then be in a position to conduct a thorough assessment of the impacts of different emission test fuels
on Tier 3/LEV III vehicles and develop any appropriate adjustments and changes, in consultation and
coordination with NHTSA.”).
8

See 2012 CAFE/GHG Rule, 77 Fed. Reg. 62624, 62819 (Oct. 15, 2012) (“EPA . . . believes that
although section 202(a)(1) of the Clean Air Act does not require the inclusion of upstream GHG emissions in
these regulations, the discretion afforded under this provision allows EPA to consider upstream GHG
emissions”); 2010 CAFE/GHG Rule, 75 Fed. Reg. 25,437 (May 7, 2010) (“EPA is reasonably and fairly
accounting for the incremental increase in upstream GHG emissions from both the electric vehicles and the
conventional vehicles.”).
9

49 U.S.C. § 32904(c) (allowing EPA to “decide on the quantity of other fuel that is equivalent to one
gallon of gasoline”).
10

See 49 U.S.C. § 32904(c) (“[T]he Administrator shall use the same procedures for passenger
automobiles the Administrator used for model year 1975 . . . or procedures that give comparable results.”).

iii

statute imposes a more stringent standard on E15 and higher blends. The Agency’s past
reading of the statute is inconsistent with its text and with the structure of the Clean Air Act.
It also makes no sense from an environmental perspective. RVP begins to decrease when
more than 10% ethanol is added to gasoline: in this and other respects, midlevel ethanol
blends are cleaner than today’s gasoline. There is no reason to block them from the market
with a more stringent regulatory standard than the one that governs ordinary gasoline.
Midlevel ethanol blends are also the right decision for our children. The same
midlevel ethanol blends that enable high compression ratios, improved performance, and
increased efficiency, also reduce harmful air pollution—both upstream and at the tailpipe.
The direct injection engines that now make up nearly half of all new vehicles help with fuel
economy, but they increase emissions of the most harmful ultrafine particles when they run
on today’s gasoline.11 Simply adding ethanol dramatically reduces those emissions and
others, including other particulates, aromatic hydrocarbons, nitrogen oxides, volatile
organic compounds, and ozone—with significant health benefits.12
By putting the Midterm Evaluation back on track and inviting a much-needed
conversation about high-octane, midlevel ethanol fuels, EPA has demonstrated a
commitment to fair process and sound policy. We urge EPA to send a strong signal in April
that a midlevel ethanol blend will be available for the manufacturers and drivers who want
to realize its benefits for fuel prices, vehicle efficiency, and air quality.

11

See Robert A. Stein et al., Overview of Ethanol Blends’ Impacts on SI Engine Performance, Fuel Efficiency,
and Emissions, 6 SAE Int. J. Engines 470, 485 (2013).
12

Id.; see A.B. Knol et al., Expert Elicitation on Ultrafine Particles: Likelihood of Health Effects and Causal
Pathways, 6 Particle Fibre Toxicol. at 2 (2009); EPA Integrated Science Assessment for Particulate Matter, at
5-3 & n.34 (2009).

iv
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INTRODUCTION
I. THE COMMENTERS’ INTEREST IN THE MIDTERM EVALUATION
Urban Air Initiative is a non-profit organization dedicated to improving air quality
and protecting public health by reducing vehicle emissions. UAI is focused on increasing the
use of clean burning ethanol in our gasoline supply to replace harmful aromatic compounds
in gasoline. UAI is helping meet public policy goals to lower emissions and reduce carbon
in the environment through scientific studies and real-world data to promote new fuels,
engine design, and public awareness.
The Clean Fuels Development Coalition was established in 1988 and works with
auto, agriculture, and biofuels interests in support of a broad range of energy and
environmental programs.
The Nebraska Ethanol Board is a state agency supporting ethanol development
programs throughout the state, and assisting the industry with a range of technical,
marketing, and regulatory issues.
The Nebraska Ethanol Industry Coalition is a statewide non-profit organization
working together on issues of common interest to their members with a particular focus on
market development and expansion.
Glacial Lakes Energy, LLC, was formed by the Glacial Lakes Corn Processors.
Glacial Lakes Corn Processors is a South Dakota cooperative with 4,100
shareholder/investors who reside primarily in eastern South Dakota. Glacial Lakes is the
sole owner of two large ethanol production facilities that annually produce over 240 million
gallons of high-octane, clean-burning ethanol. Glacial Lakes’ purpose is to create value for
South Dakota’s rural economy by returning dollars to the local economy and by providing
good, quality jobs for its citizens.
Siouxland Ethanol, LLC; Prairie Horizons Agri-Energy, LLC; and Little Sioux Corn
Processors, LLLP, are renewable fuel producers currently engaged in the production of
ethanol for fuel.
South Dakota Farmers Union and Nebraska Farmers Union are nonprofit
organizations that work to promote the interests of farmers, ranchers, and their families,
including those who grow corn for its use in ethanol fuel blends.

1

II. THE AUTO-INDUSTRY NEEDS CLEAN, HIGH-OCTANE FUEL TO MEET EPA’S GHG
STANDARDS.
In the waning days of the former presidential Administration, EPA hastily finalized a
“Final Determination” that the 2022-2025 GHG standards the agency had adopted in 2012
remain “appropriate.”1 That “Final Determination” failed to consider vehicles and fuels
together as parts of a complete system. But EPA itself has recognized that a “systems
approach enables emission reductions that are both technologically feasible and cost
effective beyond what would be possible looking at vehicle and fuel standards in isolation.”2
And the auto industry agrees that “[t]he co-design of fuels and engines is an important
pathway to improve fuel economy.”3 By failing to consider fuel, EPA ignored octane, which
is “the single most important property of gasoline when determining engine design.”4
EPA has previously acknowledged that high-octane fuel such as E30 (gasoline
blended with 30% ethanol) would allow vehicle manufacturers “to raise compression ratios
to improve vehicle efficiency as a step toward complying with the 2017 and later light-duty
greenhouse gas and CAFE standards.”5 (Engines with high compression ratios require a
high-octane fuel to operate efficiently without producing engine knock.)
Automakers agree. In its comments on the TAR, the Auto Alliance pointed out that
higher octane fuel “is a key enabler for the next phase of advanced engines expected to
occupy a large fraction of the vehicle fleet,” because engines with high compression ratios

1

Final Determination on the Appropriateness of the Model Year 2022-2025 Light-Duty Vehicle
Greenhouse Gas Emissions Standards under the Midterm Evaluation, EPA-420-R-17-001, at 1 (Jan. 2017)
(hereinafter Final Determination).
2

Control of Air Pollution from Motor Vehicles: Tier 3 Motor Vehicle Emission and Fuel Standards, 79 Fed.
Reg. 23,414, 23,417 (Apr. 28, 2014) (hereinafter Tier 3 Rule).
3

Michael Hartrick, Alliance of Automobile Manufacturers Comments on Draft Technical Assessment
Report, EPA-HQ-OAR-2015-0827-0095, at 71 (Sept. 26, 2016) (hereinafter Auto Alliance TAR Comments).
4

Julian Soell & R. Thomas Brunner, Mercedes-Benz, Comments on Proposed Tier 3 Rule, EPA-HQOAR-2011-0135-4676, at 3 (June 28, 2013).
5

Id. at 23,528; see also Technical Support Document to Proposed Determination 2.2.2.14, at 2-44 (“By
using low-carbon fuels, such as biofuels, GHGs and petroleum consumption can be further reduced.”)
(hereinafter Technical Support Document).
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require a high-octane fuel to operate efficiently without producing engine knock.6 And highoctane fuel would “immediately improv[e] fuel economy across a substantial portion of the
existing light-duty vehicle fleet.”7
These statements echoed previous comments from the auto industry. For example,
“Ford strongly recommends that EPA pursue . . . introduction of an intermediate level
blend fuel (E16-50), with a minimum octane rating . . . that increases proportionally as
ethanol is splash-blended on top of [conventional] gasoline” to enable “a new generation of
highly efficient internal combustion engine vehicles,” like those “already found in Europe.”8
According to Ford, “[p]rogress on this issue will be a key parameter for consideration in the
. . . mid-term evaluation process.”9 GM likewise “supports the future of higher octane and
higher ethanol content in order to provide a pathway to improved vehicle efficiency and
lower GHG emissions.”10
That is why the Auto Alliance, in its comments on the TAR, urged EPA to “bring[]
high octane fuels to market that are aligned with future engine technologies and vehicles
that are designed and optimized to take full advantage of the performance qualities of those
fuels.11
The auto industry’s comments are supported by an overwhelming body of evidence
demonstrating that a high-octane, midlevel ethanol blend would enable increases in vehicle

6

Auto Alliance TAR Comments, supra note 3, at 71.

7

Id.

8

Cynthia Williams, Ford Motor Company, Comments on Proposed Tier 3 Rule, EPA-HQ-OAR2011-0135-4349 (July 1, 2013), at 16, 17.
9

Id. at 3.

10

Robert Babik, General Motors LLC, Comments on Proposed Tier 3 Rule, EPA-HQ-OAR-20110135-4288 (June 28, 2013), at 14 (hereinafter GM Tier 3 Comments).
11

Auto Alliance TAR Comments, supra note 3, at 70–71. Automakers also supported an alternative,
high-octane certification fuel during EPA’s recent Tier 3 Rule. See, e.g., Cynthia Williams, Ford Motor
Company, Comments on Proposed Tier 3 Rule, EPA-HQ-OAR-2011-0135-4349, at 16–18 (July 1, 2013).
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efficiency.12 This would in turn allow automakers to reduce tailpipe CO2 emissions by 5% to
10%.13
In addition to its high octane-rating, ethanol offers several desirable traits, including
high sensitivity (the difference between RON and MON), low sulfur, low volatility, low
particulate matter index (PMI) value, and high heat of vaporization.14 No other viable
octane additive possesses all these qualities.
A nationwide transition to high-octane fuel is not feasible without more ethanol.
Today’s premium gasoline costs substantially more to produce than regular gasoline or
midlevel ethanol blends, and premium will only become more expensive as the need for
octane increases and as refiners increased their reliance on domestic, low-octane, light tight
oil.15 By contrast, ethanol is readily available, and refiners can produce high-octane midlevel
ethanol blends at low cost.16

12

See Derek A. Splitter & James P. Szybist, Experimental Investigation of Spark-Ignited Combustion with
High-Octane Biofuels and EGR. 1. Engine Load Range and Downsize Downspeed Opportunity, 28 Energy & Fuels
1418 (2014) (demonstrating that “midlevel alcohol blends” could enable engine design strategies resulting in
“increases in efficiency and reductions in CO2”).
13

See Thomas G. Leone et al., The Effect of Compression Ratio, Fuel Octane Rating, and Ethanol Content on
Spark-Ignition Engine Efficiency, 49 Envtl. Sci. & Tech. 10778, 10785 (2015) (finding a CO2 emissions decrease
of 6% to 9.6% with a 101 RON E30 blend in an engine with a 13:1 compression ratio relative to a baseline E10
fuel); Thomas G. Leone et al., Effects of Fuel Octane Rating and Ethanol Content on Knock, Fuel Economy, and CO2
for a Turbocharged DI Engine, 7 SAE J. of Fuels & Lubricants 9, 22 (2014) (finding that a 101 RON blend of E30
in an engine with a 13:1 compression ratio could lower CO2 emissions by 6% to 9% relative to a regular E10 in
an engine with a 10:1 compression ratio); Robert A. Stein et al., Overview of Ethanol Blends’ Impacts on SI Engine
Performance, Fuel Efficiency, and Emissions, 6 SAE Int. J. Engines 470 (2013) (finding that a 101 RON E30 blend
in an engine with a 11.9:1 compression ratio provides a 5% to 7% decrease in CO2 emissions relative to a
regular E10 in an engine with a 10:1 compression ratio).
14

See Arun Solomon, General Motors Research & Development, Engine Efficiency and Gasoline
Fuel Properties 6 (Apr. 7, 2016).
15

See Tom Kloza, Octane in the Octagon 14 (June 2017) (showing the increasing spread between
gasoline and premium); Bryan Sims, Revving Up Octane, Downstream Business 17–18 (Sept. 2016) (“The value
of an octane barrel has risen significantly in recent years, going from $2.30 in 2010 to $3.58 in 2015 . . . . [T]he
gasoline pool is now octane ‘short.’ . . . [L]ight tight oil [LTO] from the shale plays . . . is pretty attractive from
a cost point of view, but from a composition point of view it doesn’t have some of the higher octane
components that the industry has been producing from West Texas Intermediate or from some of the imported
crude oils.”).
16

David Hirshfeld et al., Refining Economics of U.S. Gasoline: Octane Ratings and Ethanol Content, 48
Envtl. Sci. & Technol. 11064, 11068 (2014) (finding that a 98 RON gasoline would increase refiners’ cost by
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The lifecycle greenhouse gas emission reductions of a high-octane, midlevel ethanol
blend would be considerable. According to Argonne National Laboratories, under
conservative assumptions (a 5% increase in MPG), 100 RON blends of E25 and E40 could
reduce lifecycle greenhouse gas emissions “by 10% and 15%, respectively.”17 EPA can and
should consider these emission reductions under Title II of the Clean Air Act.18
In addition, a midlevel ethanol blend would offset increased particle pollution from
direct injection (GDI) engines, averting the need for further regulation.19 And it would
reduce polycyclic aromatic hydrocarbons, secondary organic aerosols, and other hazardous
air pollutants.20
In the negotiations that led to the 2017–2025 GHG standards, “EPA gave the [auto]
industry assurance that these [octane-related] issues would be addressed promptly . . . in
order to facilitate needed product changes to support the GHG/FE standards.”21 EPA’s
January 2017 Final Determination shows that the Agency has not lived up to that
1.7 cents per gallon when using an E30 blend, by 5.2 cents per gallon when using an E20 blend, and by 18
cents per gallon when using an E10 blend).
17

Han et al., Well-to-Wheels Greenhouse Gas Emissions with Various Market Shares and Ethanol
Levels, ANL-ESD-10-15, 64 (2015).
18

See 2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel
Economy Standards, 77 Fed. Reg. 62,624, 62,819 (Oct. 15, 2012) (hereinafter 2017–2025 GHG and CAFE
Standards) (“EPA . . . believes that . . . the discretion afforded under [Section 202(a)(1)] allows EPA to
consider upstream GHG emissions in these regulations”).
19

See John M. Storey et al., Exhaust Particle Characterization for Lean and Stoichiometric DI Vehicles
Operating on Ethanol-Gasoline Blends, SAE Tech. Paper 2012-01-0437 (hereinafter Storey 2012) (showing PM
and particle number (PN) reductions with the addition of ethanol in a GDI engine); M. Matti Maricq et al.,
The Impact of Ethanol Fuel Blends on PM Emissions from a Light-Duty GDI Vehicle, 46 Aerosol Sci. & Tech. 576,
580 (2011) (finding an average 45% reduction in PM emissions when the ethanol content of fuel is increased
from 0% to 32% in a turbocharged GDI engine); John M. Storey et al., Ethanol Blend Effects On Direct Injection
Spark-Ignition Gasoline Vehicle Particulate Matter Emissions, 3 SAE Int. J. Fuels Lubr. 650, 653 (2010) (hereinafter
Storey 2010) (finding that E20 reduced PM by 30% relative to E0 over the federal test procedure (FTP), and
42% over more aggressive US06, in a GDI vehicle); id. at 656 (finding that E20 decreases PN by 80% to 90%
relative to E0 in a GDI vehicle).
20

See Comments of Urban Air Initiative et al., EPA – NHTSA Technical Assessment Report, EPAHQ-OAR-0827-4003, at 12 (Sept. 28, 2016); Comments of The Energy Future Coalition et al., Renewable
Fuel Standard Program: Standards for 2017 and Biomass-Based Diesel Volume for 2018, EPA-HQ-OAR2016-0004-2772, at 59–63 (May 31, 2016).
21

GM Tier 3 Comments, supra note 10, at 18.
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commitment. The Final Determination divorced fuel content from its consideration of fuel
efficiency, ignoring an “important aspect of the problem.”22
In the former Administration, EPA claimed that high-octane fuels were “outside the
scope” of the MTE.23 But EPA and NHTSA explicitly agreed to consider factors related to
alternative fuel.24 And a “robust” MTE process would encompass all factors relevant to fuel
efficiency, including octane.25 And in any event, high-octane fuels are relevant because they
are “a key enabler for the next phase of advanced engines” required by EPA’s standards,26
and because EPA’s own modeling relied on high-octane fuel, as discussed below.27
III. EPA MUST CONSIDER COST AND LEAD TIME.
In its response to comments on the Proposed Determination, EPA admitted that
“high octane fuel may provide some additional performance improvements beyond what is
required to meet the standards,” and that “[h]igh octane fuel may also help address some
shortfalls in FE and GHG emissions in real world situations.”28 But EPA judged that auto
manufacturers could meet the standards using technologies other than high-octane fuel.
“EPA disagree[d] with the conclusion that high octane fuel is necessary to obtain the engine
efficiency levels necessary to meet the standards.”29

22

State Farm, 463 U.S. at 43.

23

Proposed Determination on the Appropriateness of the Model Year 2022-2025 Light-Duty Vehicle Greenhouse
Gas Standards Under the Midterm Evaluation, EPA-HQ-OAR-2015-0827, at A-109 (Nov. 30, 2016) (hereinafter
Proposed Determination).
24

2017–2025 GHG and CAFE Standards, 77 Fed. Reg. at 62,784.

25

See 40 C.F.R. § 86.1818-12(h).

26

Auto Alliance TAR Comments, supra note 3, at 70–71.

27

See infra p. 7.

28

Response to Comments, Final Determination on the Appropriateness of the Model Year 2022-2025 LightDuty Vehicle Greenhouse Gas Emissions Standards under the Midterm Evaluation 2.5.11, at 82 (emphasis added)
(hereinafter Response to Comments); see also Technical Support Document, supra note 5, at 2-211 (“[I]t is
possible that a future engine may be designed to take advantage of higher octane fuels for GHG reductions.”).
29

Response to Comments, supra note 28 at 81 (emphasis added).
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By framing its response to the octane issue only in terms of what technology is or is
not “required” or “necessary” to meeting the GHG standards,30 EPA demonstrated that it
had not adequately considered compliance costs and associated lead time, as required by
section 202(a)(2) of the Clean Air Act, the statutory basis for the Midterm Evaluation.31 The
potential efficiency benefits and availability of high-octane fuel should inform EPA’s legal
obligation to allow time “to permit the development and application of the requisite
technology, giving appropriate consideration to the cost of compliance” when reviewing
and setting GHG standards.32 Similarly, high-octane fuel should influence how the National
Highway Traffic Safety Administration (NHTSA) fulfills its obligation to set “maximum
feasible fuel economy standard[s]” for model years 2021 to 2030 considering “technological
feasibility” and “economic practicability.”33
Although the necessary lead time may affect when manufacturers can begin
producing significant quantities of vehicles designed for a new high-octane midlevel ethanol
fuel, such a fuel will be a key enabler for increased efficiency in the future.
IV. EPA’S OWN MODELS SHOW THAT HIGH-OCTANE FUELS ARE NECESSARY.
EPA’s assessment of future technologies in the Final Determination was undercut by
EPA’s own reliance on models that assumed the use of 96+ RON (high-octane) fuels.34 In
the real world, automakers’ choices are limited by the need to design vehicles that can use
regular fuels.35 Drivers generally are unwilling to buy premium gasoline because it costs
more than regular gasoline per gallon. Until EPA takes steps to allow midlevel ethanol
blends into the market, most drivers will not have the option of a low-cost high-octane fuel.
30

Id. at 81, 82.

31

Clean Air Act § 202(a)(2), 42 U.S.C. § 7521(a)(2), cited in Request for Comment, 82 Fed. Reg. at

32

Id.

33

49 U.S.C. §§ 32902(b)(2)(B), 32902(f).

34

See Auto Alliance TAR Comments, supra note 3, at 52–58.

35

See id. at 53.

39551.
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But the models that EPA and NHTSA relied on in the Technical Assessment Report (TAR)
assume the use of high-octane fuel.36 As a result, EPA’s Final Determination understated
the difficulty and cost of meeting the 2022-2025 GHG standards and indirectly endorsed the
utility of high-octane fuel.
EPA’s Technical Support Document dismissed concerns about the models’ reliance
on high-octane fuel, arguing that new-vehicle certification tests “typically do not involve
knock-limited operation.”37 This misses the point: automakers must design their vehicles to
operate in the real world, under a wide range of operating conditions.
A robust Midterm Evaluation must either model engines with the fuel currently
available for their use in the real world, or else demonstrate a plan for making the required
fuel available at a retail price comparable to regular gasoline. EPA could open this market—
and enable next-generation fuel economy gains and GHG reduction—by adopting the
following regulatory strategy. In addition, as many of the Commenters explained to EPA’s
Regulatory Reform Task Force, these actions would also fulfill the President’s Executive
Order on regulatory reform and air quality,38 as well as the President’s other Executive
Orders in support of energy independence and American agriculture.39
V. EPA SHOULD REMOVE REGULATORY BARRIERS THAT LIMIT DEMAND FOR ETHANOL.
Despite the universally acknowledged efficiency and emissions benefits of midlevel
ethanol blends, auto manufacturers have not produced the vehicles needed to realize these

36

See Draft Technical Assessment Report, Midterm Evaluation of Light-Duty Vehicle Greenhouse Gas
Emission Standards and Corporate Average Fuel Economy Standards for Model Years 2022-2025, EPA-420-D-16-900,
at 5-504, 5-509 (July 2016).
37

Technical Support Document, Proposed Determination on the Appropriateness of the Model Year
2022-2025 Light-Duty Vehicle Greenhouse Gas Emissions Standards under the Midterm Evaluation, EPA420-R-16-021, at 2-211 (Nov. 2016).
38

Executive Order 13,777, § 3(d)(v), 72 Fed. Reg. 12,285 (Mar. 1, 2017); see also Executive Order
13,771, 82 Fed. Reg. 9339 (Feb. 3, 2017) (Reducing Regulation and Controlling Regulatory Costs).
39

Executive Order 13,783, 82 Fed. Reg. 16093 (Mar. 31, 2017) (Promoting Energy Independence and
Economic Growth); Executive Order 13,790, 82 Fed. Reg. 20237 (Apr. 28, 2017) (Promoting Agriculture and
Rural Prosperity in America).
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benefits, and the fuel is not universally available. That is because EPA rules have restricted
the use of such fuel in the certification of new vehicles and in the market. EPA can and
should remove these regulatory barriers, and open the fuel market to fair competition.
A. EPA Should Approve a Midlevel Ethanol Certification Fuel or Revise Rules that
Inhibit Auto Manufacturers from Applying for a New Certification Fuel.
In its comments describing the efficiency benefits of vehicles designed for midlevel
ethanol blends, Ford Motor Company noted that these next-generation vehicles are “already
found in Europe,” and “the introduction of higher octane rated/intermediate level ethanol
blend fuel would allow for a faster introduction of more efficient vehicle designs from
Europe . . . without the need for significant design changes.”40
But auto manufacturers currently are unable to introduce these next-generation
vehicles in the United States, because EPA has not yet approved a low-cost, high-octane
fuel for certification testing of new vehicles. If EPA were to approve a midlevel ethanol
certification fuel—like a 98–100 RON E25 or higher ethanol blend—then vehicle
manufacturers could build and sell vehicles designed to take advantage of the fuel’s octane
rating and other properties.
EPA could simply announce that the new cert fuel is available, as it has done in the
past.41 Or the Agency could grant an auto manufacturer’s application for a new certification
fuel.42

40

Cynthia Williams, Ford Motor Company, Comments on Proposed Tier 3 Rule, EPA-HQ-OAR2011-0135-4349, at 17 (July 1, 2013).
41

See, e.g., Recodification of Motor Vehicle Emissions Regulations, 40 Fed. Reg. 27590, 27613-14 (June 30,
1975) (40 C.F.R. §§ 86.177-6(a) (gasoline), 86.177-6(b) (diesel)); Standards for Emissions from Methanol-Fueled
Motor Vehicles and Motor Vehicle Engines, 54 Fed. Reg. 14426, 14563 (Apr. 11, 1989) (40 C.F.R. § 86.121390(c)); Standards for Emission from Natural Gas-Fueled, and Liquefied Petroleum Gas-Fueled Motor Vehicles and Motor
Vehicle Engines, and Certification Procedures for Aftermarket Conversions, 59 Fed. Reg. 48472, 48513-14 (Sept. 21,
1994) (40 C.F.R. § 86.513-94(d) (natural gas); id. § 86.513-94(e) (LPG)); Control of Emissions from Nonroad Large
Spark-Ignition Engines, and Recreational Engines (Marine and Land-Based), 67 Fed. Reg. 68242, 68423 (Nov. 8,
2002) (§ 1065.801(a)) (E85).
42

See 40 C.F.R. § 1065.701(c); 40 C.F.R. § 86.113-94(g).
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In its Tier 3 Rule, however, EPA discouraged applications for new test fuels by
purporting to require an automaker to demonstrate that a proposed alternative test fuel is
already “readily available nationwide.”43 That was an impossible requirement for a new
fuel. In subsequent litigation, however, EPA retracted this unwarranted and illogical
requirement, conceding explicitly that it has discretion to grant applications for test fuels
that are not yet commercially available.44 EPA should revise the relevant rule to align with
the Agency’s concessions in litigation.45
To make its understanding of the alternative certification fuel rule abundantly clear
to the auto industry, EPA should amend the rule to clearly state—as the Agency has already
conceded in litigation—that an auto manufacturer need not demonstrate that a proposed
alternative certification fuel is currently available in commerce nationwide. It should suffice
for a manufacturer to declare, based on its judgment and experience, that the requested fuel
would likely be marketable in the future. The rule should also make clear that EPA may
approve such a certification fuel for vehicles that also run on ordinary gasoline, as dualfueled vehicles do by definition. Clarifying the rule in this way will encourage auto
manufacturers to apply for a new certification fuel and build more efficient, cleaner, and
cost-effective vehicles.
The regulatory barriers posed by EPA’s alternative certification fuel rule are
explained in greater detail in an addendum to these comments.46

43

Tier 3 Rule, 79 Fed. Reg. 23414 (Apr. 28, 2014) (interpreting 40 C.F.R. § 1065.701(c)).

44

EPA Response to Pet’n for Panel Reh’g at 7 n.3, Energy Future Coalition v. EPA, No. 14-1123 (Sept.
21, 2015) (“The Agency has ample discretion to consider requests on a case-by-case basis, and may evaluate
trends and future market projections when considering whether to approve an alternative test fuel that is not
currently on the market.”).
45

See 40 C.F.R. § 1065.701(c).

46

See Addendum A, Revising EPA’s Alternative Certification Fuel Rules.
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B. EPA Should Update Its Previous, Obsolete Interpretation of the Sub-Sim Law To
Remove an Illegal Regulatory Barrier to Increased Ethanol Use in Existing
Vehicles.
EPA officials have previously stated, in informal guidance, that section 211(f) of the
Clean Air Act limits the concentration of ethanol that may be blended into gasoline for use
in gasoline-fueled vehicles.47 That statement was based on an outdated interpretation of
section 211(f), also known as the “sub-sim” law. That law restricts the sale of fuel additives
that are not “substantially similar” to additives in the EPA-approved test fuels used to
certify new vehicles.48 But ethanol is already used in an EPA-approved test fuel and
therefore satisfies the “substantially similar” requirement: As of 2017, the gasoline
certification fuel contains 10% ethanol.49
And EPA’s current interpretive rule (promulgated in 1991) defining the range of fuels
that are “substantially similar” to the gasoline certification fuel is obsolete, because it
purports to limit the oxygen content of gasoline to 2.7% by weight.50 But for the past several
years, most gasoline sold in the United States has contained 10% ethanol, which is
significantly more than 2.7% oxygen.
EPA should reinterpret “substantially similar” for gasoline to recognize that ethanol
is now a fuel additive used in certification, and section 211(f) therefore no longer controls
ethanol content in market fuel.51 Expanding ethanol usage in legacy vehicles would speed
the transition to more efficient vehicles designed for midlevel blends, thereby facilitating
compliance with the GHG standards.
Because ethanol is now a fuel additive used in an EPA-approved certification fuel,
the Clean Air Act authorizes EPA to regulate ethanol only under section 211(c)—the same
provision that authorizes EPA to regulate other fuel components. Under section 211(c),

47

See Letter from Adam M. Kushner, Air Enforcement Div., EPA, to Bob Greco, Dir. Downstream
and Industrial Operations, API, at 1 (July 31, 2008).
48

42 U.S.C. § 7545(f)(1)(B).

49

40 C.F.R. § 1065.710(b)(2).

50

56 Fed. Reg. 5352 (Feb. 11, 1991).

51

See Urban Air Initiative et al., Comments on EPA’s Proposed Renewables Enhancement and
Growth Support Rule, EPA-HQ-OAR-2016-0041-0295 (Feb. 16, 2017).
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EPA must demonstrate that a fuel component harms public health or emissions control
devices before the Agency may limit its concentration in gasoline. EPA has not attempted to
make this demonstration, and the best available science demonstrates that adding ethanol to
gasoline reduces emissions of harmful pollutants.
EPA’s outdated interpretation of “substantially similar” impermissibly shifts EPA’s
legal burden to ethanol producers, requiring them to prove (contrary to section 211(c)) that a
given concentration of ethanol will not cause a vehicle’s emissions control system to fail.
Only then would EPA grant a waiver of the sub-sim law and allow the fuel to be sold.
EPA should withdraw prior guidance misinterpreting the sub-sim law to limit the
concentration of ethanol in gasoline, and adopt a new interpretive rule that correctly applies
the sub-sim law’s plain meaning to changed factual circumstances: the law cannot limit
ethanol blending, because ethanol is a fuel additive used in certification.
The need for a new sub-sim definition is explained in greater detail in an addendum
to these comments.52
C. EPA Should Correct Its Counter-Productive RVP Rule that Limits the
Marketability of E15 and Midlevel Ethanol Blends.
Even for ethanol blends that are not constrained by EPA’s interpretation of the subsim law, the Agency’s RVP rule limits the times of year in which they may be used. The
result is that most drivers today have no access to E15, even though, for several years, E15
has been approved for use in Model Year 2001 and newer vehicles.53 That is because EPA
has needlessly interpreted the Clean Air Act to deprive higher ethanol blends of the benefit
of a partial waiver of the Reid Vapor Pressure (RVP) limit, a waiver that—by statute—ought
to apply to all gasoline containing at least 10% ethanol.54

52

See Addendum B, Correcting EPA’s “Sub-Sim” Interpretation.

53

Partial Grant of Clean Air Act Waiver Application Submitted by Growth Energy To Increase the
Allowable Ethanol Content of Gasoline to 15 Percent, 76 Fed. Reg. 4662 (Jan. 26, 2011).
54

Id. at 4675.
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RVP is a measure of a fuel’s tendency to evaporate. In general, fuel must have an
RVP of 9 psi or less. But under section 211(h)(4) of the Clean Air Act, a less stringent
standard of 10 psi governs “fuel blends containing gasoline and 10 percent denatured
anhydrous ethanol.”55 EPA interprets this to apply only to gasoline containing 9 or 10
percent ethanol, effectively inserting the phrase no more than into the statute. But the text of
the statute hardly requires that result; particularly given the statutory context and the
properties of ethanol blends in excess of E10, the text makes better sense if it is read as
encompassing fuel blends that contain at least 10 percent ethanol.
EPA’s past interpretation is unreasonable, because fuel’s evaporative tendency
diminishes with increasing levels of ethanol over 10%. In other words, E15 has lower
evaporative emissions than E10 does. But, as a result of EPA’s double standard, retailers
must stop selling E15—an otherwise legal fuel, with lower RVP than E10—during certain
times of year or else use a separate low-vapor-pressure gasoline blendstock for E15. Thus,
EPA regulations have artificially depressed the amount of clean-octane ethanol in the
market, despite the economic and environmental benefits that would come with increased
ethanol consumption.
This issue is also relevant to blends over E15. EPA’s interpretation of the one-pound
waiver would irrationally limit the use of midlevel ethanol blends as well, even though they
are even cleaner (and more efficient), with less evaporative emissions and lower RVP than
both E10 and E15. Maintaining EPA’s current interpretation of the RVP waiver provision
would delay commercial adoption of the fuel that the auto industry needs for the next
generation of highly efficient engines.
EPA should repeal its rule arbitrarily limiting the one-pound waiver to blends of no
more than 10% ethanol. EPA’s legal authority to reinterpret the one-pound waiver to extend
to higher ethanol blends is explained in greater detail in an addendum to these comments.56

55

42 U.S.C. § 7545(h)(4).

56

See Addendum C, Correcting EPA’s Interpretation of the 1 psi RVP Waiver.

13

D. EPA Should Correct Its Inaccurate Fuel Economy Formula To Allow the Use of
Midlevel Ethanol Blends.
EPA should repeal and replace its outdated fuel economy formula. EPA has
admitted that part of that formula is erroneous and that it unfairly penalizes fuel with
ethanol in it; but EPA has not yet fixed the problem. The problem is an important one for
automakers that face increasingly stringent fuel economy standards, and it discourages them
from developing high-efficiency engines that require higher octane ratings and higher
ethanol content.
In brief, the fuel-economy calculation contains an “R-factor,” which is intended to
make fuel economy testing on today’s fuel equivalent to fuel economy testing in 1975 by
adjusting for the lower energy content of ethanol.57 But as EPA has acknowledged, the
current EPA-mandated R-factor of 0.6 is erroneous, and fails to achieve its statutory
purpose.58 The auto industry has asked EPA for an R-factor of 1.0.59 In response, EPA has
acknowledged that the current R-factor is wrong and suggested that a corrected value might
lie “between 0.8 and 0.9.”60
Although EPA has promised to fix the R-factor as necessary,61 the Agency has failed
to act.

57

See 26 U.S.C. § 4064(c) (“Fuel economy . . . shall be measured in accordance with testing and
calculation procedures . . . utilized by the EPA Administrator for model year 1975 . . . or procedures which
yield comparable results.”).
58

The error of the current R-factor, and its negative impact on ethanol due to that fuel’s lower energy
density, is explained in detail in comments filed by Boyden Gray & Associates. Energy Future Coalition &
Urban Air Initiative, Comments on Proposed Tier 3 Rule, EPA-HQ-OAR-2011-0135-4353 (July 1, 2013), at
41-43 & Appendix I, available at http://boydengrayassociates.com/comments-of-the-energy-future-coalitionand-urban-air-initiative-on-proposed-tier-3-motor-vehicle-emission-and-fuel-standards-july-1-2013/.
59

Stephen Douglas & Julia Rege, Alliance of Automobile Manufacturers & Association of Global
Automakers, Comments on Proposed Tier 3 Rule, EPA- HQ-OAR-2011-0135-4461 (July 1, 2013), at 93.
60

Aron Butler, Analysis of the Effects of Changing Fuel Properties on the EPA Fuel Economy
Equation and R-Factor, at 4–5, Memorandum to the Tier 3 Docket, EPA-HQ-OAR-2011-0135 (Feb. 28,
2013).
61

79 Fed. Reg. at 23531 (“While there has been some data evaluated to assess the impact of changing
the emission test fuel on the ‘R’ factor, EPA did not propose a value in the NPRM and specifically stated that
we would continue to investigate this issue and if necessary address it as part of a future action, as opposed to
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More fundamentally, the current fuel economy formula fails to account for the
reduction of petroleum consumption that is achieved by the ethanol portion of gasoline.
Under the Energy Independence and Security Act of 2007 (EISA), EPA has authority to
promote energy independence by “decid[ing] on the quantity of other fuel that is equivalent
to one gallon of gasoline.”62 EPA has relied on that authority to calculate a fuel efficiency
credit for electric vehicles, thus making compliance easier for auto manufacturers.63 EPA
should treat ethanol no differently than electricity for this purpose, treating (for example)
gasoline with 25% ethanol (E25) as equivalent to 75% of a gallon of gasoline for purposes of
fuel economy compliance.
The defects in EPA’s fuel economy formula are explained in greater detail in an
addendum to these comments.64
VI. HIGH-OCTANE MIDLEVEL ETHANOL BLENDS WOULD IMPROVE AIR QUALITY
HUMAN HEALTH.

AND

Recent evidence shows that transitioning from today’s E10 gasoline to a mid-level
blend would reduce tailpipe and evaporative emissions. Many studies have established that
mid-level ethanol blends would reduce PM mass and number,65 BTEX,66 non-methane

changing it in the Tier 3 final rule.”); id. at 23532 (“EPA expects to have the needed data in early to mid 2015
and will then be in a position to conduct a thorough assessment of the impacts of different emission test fuels
on Tier 3/LEV III vehicles and develop any appropriate adjustments and changes, in consultation and
coordination with NHTSA.”).
62

49 U.S.C. § 32904(c) (emphasis added).

63

Response to Comments on the 2012 CAFE Rule, at 6-164.

64

See Addendum D, Correcting EPA’s Fuel Economy Calculation.

65

See Anderson et al., Issues with T50 and T90 as Match Criteria for Ethanol-Gasoline Blends, 7 SAE Int’l J.
Fuels & Lubr. 1027, 1031 & nn.1, 13, 14, 15, 16, 17 (“[T]he reduction of PM emissions with the addition of
ethanol . . . has been demonstrated in many studies and is supported by fundamental combustion chemistry
considerations”); M.A. Costagliola et al., Combustion Efficiency and Engine Out Emissions of a S.I. Engine Fueled
With Alcohol/Gasoline Blends, Applied Energy 1, 6 (2012) (reporting E20 reduced PN emissions by 30% and
PM emissions by 10% relative to E10 “[a]t the same engine load”); Maricq et al., supra note 19, at 579–80
(reporting a PM emissions reduction of 45% for the E32 and E45 ethanol blends relative to the E0 fuel, and “a
small (~20% PM benefit)” for blends with 20% or less ethanol, depending on engine calibration).
66

See, e.g., John M. Storey et al., Novel Characterization of GDI Engine Exhaust for Gasoline and Mid-Level
Ethanol Blends, SAE Tech. Paper 2014-01-1606, at 7 (hereinafter Storey 2014) (“[E]thanol is believed to
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organic gases (NMOG),67 NOX,68 and other pollutants to an even greater extent than E10.69
Additionally, blending a higher volume of ethanol into gasoline would reduce the RVP of
the fuel mixture, which would reduce evaporative emissions associated with E10.70 By
contrast, the use of higher aromatics levels to increase octane levels would significantly raise
harmful emissions.71
EPA must consider these emissions in the context of the GHG standards. As EPA
explained in the Draft TAR, “[i]t is important to quantify the co-pollutant-related health and
environmental impacts associated with the GHG standards because a failure to adequately
consider these ancillary impacts could lead to an incorrect assessment of the standards’ costs
and benefits. Moreover, the health and other impacts of exposure to criteria air pollutants
and airborne toxics tend to occur in the near term, while most effects from reduced climate
change are likely to occur only over a time frame of several decades or longer.”72

interfere with the formation of aromatic compounds by short-circuiting the formation of conjugated double
bonds.”); see also Costagliola et al., supra note 65, at 8, Fig. 14 (showing that BTEX emissions declined as
ethanol was added).
67

Carolyn Hubbard et al., Ethanol and Air Quality: Influence of Fuel Ethanol Content on Emissions and Fuel
Economy of Flexible Fuel Vehicles, 48 Environ. Sci. & Tech. 861, 863 (2014) (finding that NMOG emissions
“exhibit a clear minimum around E20-E40, 25-30% lower than for E0 and E80”).
68

Id. at 864 (finding that NOX emissions “were highest with the E0 gasoline, decreased by
approximately 50% as ethanol content increased to E20, and were essentially unchanged from E20 through
E80”).
69

Ethanol also reduces toxics like polycyclic aromatic hydrocarbons (PAHs). See Costagliola et al.,
supra note 65, at 9 (showing reductions in toxic PAHs); Storey 2014, supra note 66, at 7 (noting that the
addition of ethanol “appears to limit the formation of PAHs, which is positive”).
70

See Stein et al, supra note 13, at 485 (noting that “reduction in RVP from blends above E10 should
reduce [evaporative] emissions”).
71

See Georgios Karavalakis et al., Evaluating the Effects of Aromatics Content in Gasoline on Gaseous and
Particulate Matter Emissions from SI-PFI and SIDI Vehicles, 49 Environ. Sci. & Tech. 7021 (2015) (showing that
increasing aromatics increases emissions).
72

Technical Assessment Report, supra note 36, at 10-36.
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A. Aromatic Hydrocarbons
Midlevel ethanol blends would reduce the aromatic hydrocarbons benzene, toluene,
ethylbenzene, and xylene (collectively known as BTEX). The University of California has
shown that a fuel blend of 51% ethanol (E51) reduces benzene, toluene, and xylene relative
to E10, and the reductions are greater in even higher ethanol blends.73 This is particularly
important because BTEX contribute heavily to benzene, a known carcinogen,74 and because
BTEX contribute to ozone and SOA.75
BTEX emissions are correlated with aromatics content, so replacing aromatics with
ethanol reduces BTEX emissions.76 Raising total aromatics content from 15% to 25% raises
BTEX emissions by about 52% to 103%, and further raising aromatics content from 25% to
35% raises BTEX emissions by 81% to 194%.77
B. PM and PN
Mid-level ethanol blends would facilitate dramatic reductions in PM tailpipe
emissions. In general, ethanol reduces PM because it replaces aromatic hydrocarbons with
high double bond equivalent (DBE) values, which “disproportionately contribute to PM

73

Georgios Karavalakis et al., Assessing the Impacts of Ethanol and Isobutanol on Gaseous and Particulate
Emissions from Flexible Fuel Vehicles, 48 Environ. Sci. & Technol. 14016, 14021 (2014).
74

See Karavalakis et al., supra note 71, at 7028 (“[S]ubstantially more benzene emissions were
produced when toluene, xylenes, and ethylbenzene were present in the fuel, as opposed to unburned
benzene.”); id. (“It is likely that benzene was produced primarily by the dealkylation of toluene and xylenes
during combustion.”); EPA, Benzene, https://www.epa.gov/sites/production/files/201609/documents/benzene.pdf (“EPA has classified benzene as known human carcinogen for all routes of
exposure.”).
75

See J.R. Odum, et al., The Atmospheric Aerosol-Forming Potential of Whole Gasoline Vapor, 276 Science
96, 96 (1997) (“[T]he atmospheric organic aerosol formation potential of whole gasoline vapor can be
accounted for solely in terms of the aromatic fraction of the fuel.”).
76

Karavalakis et al., supra note 74, at 7026.

77

Id.
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formation.”78 But ethanol also tends to reduce PM for two additional reasons: first,
ethanol’s relatively high vapor pressure and low boiling point (78°C) allow it to lower the
boiling point of the fuel mixture, improving combustion; second, ethanol’s higher oxygen
content helps it to promote leaner combustion and avoids the impingement of soot in GDI
engines.79
Numerous studies confirm that in both GDI and port fuel injection (PFI) engines,
mid-level ethanol blends reduce PM mass and particle number (PN) emissions.80
Many other studies corroborate these predictions. Oak Ridge National Laboratory
studies conducted in 2010 and 2012 show that E20 reduces average PM and PN relative to
E10 and E0.81 A more recent Oak Ridge study confirms that E30 also reduces PM and PN.82
Another recent study found that transitioning to higher ethanol blends could cut PN
emissions by 30% or more.83 A Ford Motor Company study of GDI engines also found that
raising ethanol content from 0 to about 30% lowers PM emissions by 45% and lowers PN
emissions by 30% on average.84 In another study, raising aromatics content from 15% to
current levels of 25% was found to raise PM mass emissions by 148%.85

78

Stein et al., supra note 13, at 11. Double bond equivalent value, or DBE, is a measure of the number
of double bonds and rings in the fuel molecule, defined as the number of hydrogen atoms which would be
required to fully saturate the molecule. Id.
79

Id.

80

Anderson et al., supra note 65, at 1031 (collecting studies).

81

Storey 2012, supra note 19; Storey 2010, supra note 19, at 653 (finding significant PM reductions for
E20 compared to E10 and E0).
82

Storey 2014, supra note 66 (noting that E30 “shows a reduction in [PM] mass, consistent with
earlier studies with E20”).
83

Costagliola et al., supra note 65, at 6 (finding a minimum 30% reduction for higher ethanol blends).

84

Maricq et al., supra note 19.

85

Karavalakis et al., supra note 71, at 7027.
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C. NOX, NMOG, and Ozone
Mid-level ethanol blends would also reduce emissions of NOX and organic
compounds that contribute to ozone. The 2014 Ford study found that in modern vehicles
calibrated to sense the higher oxygen content of ethanol, “emissions of NOX decreased by
approximately 50% as the ethanol content increased from E0 to E20–E40.”86 This trend is
confirmed by multiple studies that find significant NOX reductions from mid-level ethanol
blends.87
Likewise, NMOG and total hydrocarbon emissions “exhibit a clear minimum
around E20–E40,” lowering emissions from a flex-fuel vehicle by 25% and 35% relative to
E0.88
And increasing ethanol content above 10% reduces the RVP of the fuel, lowering
VOC emissions.89

86

Hubbard et al., supra note 67, at 864.

87

Mustafa Canakci et al., Impact of Alcohol-Gasoline Fuel Blends on the Exhaust Emission of a Spark
Ignition Engine, 52 Renewable Energy, 111–17 (2013) (finding decreases in NOX emissions of 13.5% and
15.5%, depending on speed, when ethanol content is increased from 0% to 10%, respectively, in a gasoline
engine (used in the Honda Civic) with a 10.4:1 compression ratio); Hosuk H. Jung et al., Effect of Ethanol on
Part Load Thermal Efficiency and CO2 Emissions of SI Engines, 2013-01-1634, 6 SAE Int’l J. of Engines 456 (2013)
(finding a 25% to 45% decrease in NOX emissions, depending on speed and load, from E85 relative to E0, for
an engine with a 9.5:1 compression ratio); Maricq et al., supra note 65, at 580 (finding decreases in NOX
emissions of “about 20%” when the ethanol content of fuel is increased from 0% to 17% or higher, in a
turbocharged GDI engine); M. Bahattin Celik et al., Experimental Determination of Suitable Ethanol-Gasoline
Blend Rate at High Compression Ratio for Gasoline Engine, 28 Applied Thermal Engineering 396 (2008) (finding a
33% decrease in NOX emissions from E50 relative to E0 in a single-cylinder engine at stoichiometric fuel
conditions, with a compression ratio of 6:1); Koichi Nakata et al., The Effect of Ethanol Fuel on a Spark Ignition
Engine, SAE Tech. Paper 2006-01-3380 (finding a 25% decrease in NOX emissions from E50 relative to E0 in
an engine (used in the Toyota Corolla) with a compression ratio of 13:1); see also Robert A. Stein & Rod
Harris, Effect of Ethanol on NOX Emissions of Vehicles with SI Engines, at 5 (“NOX emissions typically
decrease or are unaffected with increasing ethanol content.”).
88

Hubbard et al., supra note 67, at 863.

89

Stein et al, supra note 13, at 485 (noting that “reduction in RVP from blends above E10 should
reduce [evaporative] emissions”); see also Partial Grant of Clean Air Act Waiver Application Submitted by Growth
Energy To Increase the Allowable Ethanol Content of Gasoline to 15 Percent, 76 Fed. Reg. 4662 (“[T]he lower
volatility of E15 would lead to significantly lower evaporative emissions than would otherwise result from
canister breakthrough with E10.”).
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CONCLUSION
Because EPA’s January 2017 “Final Determination” did not come to grips with the
role of fuel in controlling GHG emissions, EPA did well to reconsider that decision. EPA
and NHTSA’s own modeling relied on mistaken assumptions about the availability of highoctane fuel. Today’s premium gasoline is not a viable enabler for widespread adoption of
high-efficiency engines. EPA should therefore remove regulatory barriers to the introduction
of low-cost high-octane midlevel ethanol blends for increased vehicle efficiency.
In addition to lowering fuel consumption and GHG emissions (and benefiting
consumers and the economy by reducing regulatory costs), mid-level ethanol blends would
reduce tailpipe and evaporative pollution, significantly advancing the Clean Air Act’s
overarching goal of promoting the “public health and welfare and the productive capacity of
the population.”90

90

42 U.S.C. § 7401(a)-(b).
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Addendum A: Revising EPA’s Alternative Certification Fuel Rules
Certification Fuel Properties Limit the Vehicles Automakers Can Build.
“Before a manufacturer may introduce a new motor vehicle into commerce, it must obtain an
EPA certificate indicating compliance with the requirements of the Act and applicable
regulations.”1 To obtain the necessary certificate, automobile manufacturers must test new
vehicle models for compliance with air toxic emissions standards using a special “test fuel” (or
“certification fuel”) whose properties are defined by EPA.2 The same procedures and test fuel
are used to ensure that manufacturers meet NHTSA and EPA’s increasingly stringent fuel
efficiency and greenhouse gas standards on a fleet-wide basis.3
The makeup of the test fuel therefore determines the kinds of engines that car companies are
able to design, build, and sell. It also determines the kinds of fuel that may lawfully be sold,
because the composition of commercial fuel is governed by the Clean Air Act’s “sub-sim”
law,4 and EPA interprets this requirement to limit the ethanol content of market fuel to the
ethanol content of the test fuel.5
EPA Raised the Possibility of a Midlevel Ethanol Test Fuel.
Under 40 C.F.R. § 1065.701(c), EPA may approve an auto manufacturer’s request for an
alternative certification fuel.
In the Tier 3 rulemaking that applied this rule to light-duty vehicles, EPA suggested that the
Agency would approve an alternative certification fuel “if manufacturers were to design
vehicles that required operation on a higher octane, higher ethanol content gasoline (e.g.,

1

Ethyl Corp. v. EPA, 306 F.3d 1144, 1146 (D.C. Cir. 2002); see 42 U.S.C. § 7522(a)(1) (prohibiting sale of
vehicles without a certificate of conformity).
2

See 42 U.S.C. § 7521 (authorizing EPA to prescribe emission standards); id. § 7525(a)(4)(A)
(authorizing EPA to set and revise “test procedures” and test “fuel characteristics”).
3

See CAFE Rule, 77 Fed. Reg. 62624.

4

42 U.S.C. § 7545(f)(1)(B). Under the plain meaning of the sub-sim law, it does not limit ethanol
blending, because ethanol is a fuel a “fuel additive utilized in the certification of any . . . vehicle.” Id. But EPA
recently proposed to codify its interpretation of the sub-sim law to prohibit the sale of gasoline blends with more
than 15% ethanol for use in gasoline-fueled vehicles. Renewables Enhancement and Growth Support Rule, Proposed
Rule, 81 Fed. Reg. 80828, 80975 (Nov. 16, 2016) (to be codified at 40 C.F.R. § 80.1564(a)(3)).
5

Renewables Enhancement and Growth Support Rule, Proposed Rule, 81 Fed. Reg. 80828, 80975 (Nov. 16,
2016) (to be codified at 40 C.F.R. § 80.1564(a)(3)).
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dedicated E30 vehicles or [flexible-fuel vehicles] optimized to run on E30 or higher ethanol
blends).”6
EPA acknowledged that such a certification fuel with 30% ethanol “could help manufacturers
who wish to raise compression ratios to improve vehicle efficiency as a step toward complying
with the 2017 and later light-duty greenhouse gas and CAFE standards. This in turn could
help provide a market incentive to increase ethanol use beyond E10.”7
The Auto Industry Responded in Favor of a Midlevel Ethanol Test Fuel.
The auto industry responded favorably to the prospect of a new high-octane certification fuel
with higher ethanol content. The Alliance of Automobile Manufacturers and the Association
of Global Automakers explained that ethanol’s “in cylinder cooling effect,” along with its
high octane rating, make a “mid-level gasoline-ethanol blend” particularly well suited for
“improv[ing] vehicle efficiency and lower[ing] GHG emissions,” through “increas[ing] the
engine compression ratio” and “downsizing of the engine.”8
General Motors, Ford, and Mercedes-Benz each filed separate comments endorsing the
concept of a higher octane, mid-blend ethanol certification fuel.9 Ford “strongly
recommend[ed] that EPA pursue regulations . . . to facilitate the introduction of higher octane
rating market fuels,” noting that they “offer the potential for the introduction of more efficient
vehicles.”10 In light of the increasing stringency of the CAFE Rule, Ford’s recommendation
was time sensitive: “Progress on this issue will be a key parameter for consideration in [EPA
and NHTSA’s] . . . mid-term evaluation” of the light-duty CAFE Rule in 2017.11

6

Tier 3 Rule, 79 Fed. Reg. at 23528.

7

Id. at 23528-29.

8

Stephen Douglas & Julia Rege, Alliance of Automobile Manufacturers & Association of Global
Automakers, Comments on Proposed Tier 3 Rule, EPA-HQ-OAR-2011-0135-4461 (July 1, 2013), at 52
(hereinafter “Auto Alliance Comments”). The trade groups noted that “[w]hile higher ethanol, higher octane
fuels can be useful in all types of engines to varying degrees, they are of particular benefit to direct-injection (DI)
engines,” which are becoming more prevalent because of their efficiency benefits. Id. at 53.
9

See Julian Soell & R. Thomas Brunner, Mercedes-Benz, Comments on Proposed Tier 3 Rule, EPA-HQOAR-2011-0135-4676 (June 28, 2013), at 3-4 (hereinafter “Mercedes Comments”); GM Comments at 14)
(“support[ing] the future of higher octane and higher ethanol content in order to provide a pathway to improved
vehicle efficiency and lower GHG emissions”); Cynthia Williams, Ford Motor Company, Comments on
Proposed Tier 3 Rule, EPA-HQ-OAR-2011-0135-4349 (July 1, 2013), at 16 (hereinafter “Ford Comments”)
(“Ford supports the development and introduction of an intermediate level blend fuel (E16-E50), with a
minimum octane rating of 91 anti-knock index (AKI) that increases proportionally as ethanol is splash-blended
on top of the base Tier 3 gasoline emission test fuel. The development of such a fuel would enable the first steps
to the development of a new generation of highly efficient internal combustion engine vehicles. We look forward
to future collaboration with the EPA on this item.”); id. at 3 (commending the idea of “maximiz[ing] vehicle
efficiency in tandem with use of renewable fuels”).
10

Ford Comments, supra note 9, at 3.

11

Id. (citing 77 Fed. Reg. 62624 (Oct. 15, 2012)).
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The manufacturers expressed their need for a high-octane mid-level ethanol blend test fuel as a
means of improving fuel efficiency through higher compression ratios.12 The automakers
explained why octane-rich ethanol’s contribution to lower carbon emissions, increased fuel
efficiency, and improved driving performance makes a mid-level ethanol blend the optimal
solution for automakers’ octane needs.13 Finally, they explained that selling vehicles designed
for such a fuel is not only feasible—it is being done already in foreign markets.14
EPA’s “Readily Available Nationwide” Standard Would Have Blocked a Midlevel
Ethanol Test Fuel.
The auto industry and other groups expressed concern that a request for an alternative
certification fuel rule under 40 C.F.R. § 1065.701(c) would be thwarted by that rule’s
requirement that the proposed alternative certification fuel be “commercially available.”15 In
the preamble to the Tier 3 Rule, EPA suggested that an alternative test fuel must be “readily
available nationwide” to satisfy this requirement.16

12

See Ford Comments, supra note 9, at App’x A: Literature Review of Benefits of High Octane/High
Ethanol Fuels, at 2) (“Fuel with higher octane ratings will also be increasingly important for advanced engines
now being introduced that provide greater efficiency through downsizing and/or turbocharging, and that operate
more often at high load where the most efficient operating conditions are limited by knock.”); Mercedes
Comments, supra note 9, at 3–4 (“Octane is the single most important property of gasoline when determining
engine design. . . . Higher octane fuels permit higher compression ratios which directly improve efficiency while
downsizing engines also results in greater fuel efficiency. The optimized combination of those two actions with
gasoline direct-injection provides remarkable gains in fuel economy but requires high octane market fuel—higher
octane than is available today.”).
13

See Ford Comments, supra note 9, at 17 (“The higher octane number . . . for ethanol versus today’s
regular gasoline . . . and higher heat of vaporization associated with gasoline-ethanol blends can improve engine
efficiency through engine redesign and use of higher compression ratios. . . . [I]ncreased octane rating from
increased ethanol content has the potential to allow for fuel economy, performance and emissions improvements
through more efficient engine designs. Raising the minimum octane rating requirement would allow
manufacturers to design engines with greater thermal efficiency through higher compression ratios and/or
smaller displacement turbo-charged engines. Current engines in the fleet could also benefit from the higher octane
rating through more aggressive spark timing during certain driving conditions.”); Mercedes Comments, supra
note 9, at 4 (“This powerful fuel enjoys both reduced carbon intensity as well as the renewable aspects of ethanol.
A vehicle equipped with a powertrain . . . optimized for a high-octane, mid-blend ethanol fuel . . . can
simultaneously fulfill what the customer desires—performance and economy, while reducing the environmental
impact.”).
14

See Ford Comments, supra note 9, at 17 (“High compression ratio engines are already found in Europe
. . . . [T]he introduction of higher octane rated/intermediate level ethanol blend fuel would allow for a faster
introduction of more efficient vehicle designs from Europe with lower CO2 emissions and increased efficiency . . .
without the need for significant design changes.”); Mercedes Comments, supra note 9, at 4 (“Mercedes-Benz
vehicle offerings include those with E25 capability in various global markets that could be introduced . . . to the
U.S. market if regulatory and commercial conditions warrant.”).
15

40 C.F.R. § 1065.701(c)(1)(ii); see also Energy Future Coalition & Urban Air Initiative, Comments on
Proposed Tier 3 Rule, EPA-HQ-OAR-2011-0135-4353 (July 1, 2013), at 9.
16

Tier 3 Rule, 79 Fed. Reg. at 23528.
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(N2O) emissions.33 Section B will address biorefinery emissions. Section C will
discuss gasoline’s lifecycle emissions.
A. Corn Production
EPA’s estimate of “upstream emissions” from corn production (and its
alleged indirect effects), accounts for the majority of the GHG emissions that the
2010 LCA attributes to corn ethanol.34 Within upstream emissions, international
land-use change emissions (ILUC) account for the greatest fraction (40%) of EPA’s
estimate of corn ethanol’s carbon intensity, followed by domestic farm input and
fertilizer emissions (13%) and international farm input and fertilizer emissions (7%).35
See Figure 1.
New evidence
has exposed
significant flaws in
EPA’s estimate of
corn ethanol’s
upstream GHG
emissions. Updated
models and empirical
evidence of actual
land-use patterns

Figure 1: 2010 RFS RIA (Figure 2.6-2)

demonstrate that
carbon emissions from land-use change are much lower than the estimate in EPA’s
2010 LCA. EPA’s assessment of domestic and international farm input and fertilizer
N2O emissions, are also outdated and in need of correction. As explained below,
correcting these upstream emission estimates based on the updated science noted in

33

These comments do not address all GHG emission categories included in EPA’s 2010
LCA. For a comprehensive, updated analysis, see 2017 USDA LCA, supra note 8.
34

2010 RFS RIA, supra note 1, at 470, Figure 2.6-2.

35

See id.

8

the USDA’s study would reduce EPA’s estimate of corn ethanol’s upstream
emissions in these categories from 45.5 g to 11.1 g CO2e/MJ in 2022—a 76%
reduction. See Table 1.
Table 1: EPA Upstream Emissions Compared to Updated USDA Upstream Emissions

Upstream
Emissions
ILUC
Dom. Farm
Intl. Farm
Total

EPA
2022
(g CO2e/MJ)
30.3
9.8
5.4
45.5

USDA
2014
(g CO2e/MJ)
1.3
8.6
2.1
12.0

∆
(g CO2e/MJ)
-29.1
-1.2
-3.3
-33.6

USDA
2022 BAU
(g CO2e/MJ)
1.3
7.8
2.1
11.1

∆
(g CO2e/MJ)
-29.1
-2
-3.3
-34.4

In addition, EPA’s analysis of domestic land-use change does not account for
the adoption of crop management techniques that improve soil carbon sequestration
in corn croplands, particularly when combined with corn ethanol’s high yields.
Accounting for these practices would further reduce corn ethanol’s emissions.
1. International Land-Use Change Emissions
EPA’s 2010 LCA estimated ILUC emissions for corn ethanol in 2022 at 30.3
g CO2e/MJ, accounting for 40% of corn ethanol’s estimated carbon intensity.36 As
EPA explained, “the majority of international land use change emissions originate in
Brazil . . . . This is largely as a consequence of projected pasture expansion . . .
especially in the Amazon region where land clearing causes substantial GHG
emissions.”37 Indeed, in EPA’s 2010 LCA, more than two-thirds of corn ethanol’s
predicted ILUC emissions were attributable to predicted land-use changes in Brazil.38

36

2010 RFS RIA, supra note 1, at 407, Table 2.4-47 (estimating ILUC at 31.8 kg
CO2e/mmBTU); 2010 RFS Rule, supra note 2, 75 Fed. Reg. at 14,788.
37

2010 RFS RIA, supra note 1, at 470.

38

Id. at 470 (showing that 22 out of 31.8 kg CO2e/mmBTU are attributable to Brazil).
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At the time, EPA acknowledged that these results were subject to great
uncertainty.39 In fact, the estimates reported in these early analyses were never
accurate, and they have since been refuted by the best available science.
Parameters related to intensification, yield improvement, land displacement,
and the type of land converted are key drivers of ILUC emissions, but EPA’s models
failed to accurately reflect these complexities. For example, EPA’s ILUC model does
not “distinguish what types of land will be affected by a given shock to the
agricultural system.”40 More recent models of indirect land-use change have included
“a more detailed assessment of yield improvement, land cover type, soil carbon
stocks, and other parameters,” resulting in significantly lower estimates of land-use
change emissions.41
EPA’s ILUC assessment in 2010 relied on outdated economic models
developed by the Food and Agricultural Policy and Research Institute, maintained
by the Center for Agricultural and Rural Development (FAPRI-CARD).42 EPA also
“opted to use the GTAP [Global Trade Analysis Project] model to inform the range
of potential GHG emissions associated with land use change resulting from an
increase in renewable fuels.”43
Since 2010, more accurate land-use change models have shown that EPA’s
initial estimates were too high.44 As one recent study explained, “prior to the last
couple of years, there was insufficient data on global land-use change during the

39

2010 RFS Rule, supra note 2, 75 Fed. Reg. at 14,765 (“The indirect, international emissions
are the component of our analysis with the highest level of uncertainty.”).
40

2017 USDA LCA, supra note 8, at 121.

41

Boland & Unnasch, supra note 30, at 20.

42

The agency used FAPRI-CARD to model international land-use emissions, and FASOM
to model domestic emissions. 2010 RFS Rule, supra note 2, 75 Fed. Reg. at 14,768.
43

Id. at 14,781.

44

See, e.g., Jennifer B. Dunn et al., Land-use change and greenhouse gas emissions from corn and
cellulosic ethanol, 6 Biotech. for Biofuels 51 (2013).
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biofuels boom era. However, now we have that data, and it can be used to better
calibrate prior estimates of land-use change.”45 Accordingly, Purdue’s agricultural
economists recalibrated the GTAP model in 2013.46 As a result of these changes, the
GTAP model now projects “less expansion in global cropland due to ethanol
expansion”; a “lower U.S. share in global cropland expansion”; and a “lower forest
share in global cropland expansions.”47 More recently GTAP analysts have also
refined the land carbon stock estimates used by the model.48 Department of Energy
scientists now say that, in light of GTAP model refinements, a more realistic
estimate of corn ethanol’s ILUC emissions is 5.1 g CO2e/MJ.49 EPA’s ILUC
estimate should be corrected using the updated GTAP model to accord with the
Department of Energy’s estimate.
Even more importantly, EPA failed to account for the intensification of
agriculture in its ILUC estimate. Empirical data cited in USDA’s new study has
discredited EPA’s predicted ILUC emissions in Brazil and other countries: corn
ethanol has not significantly increased deforestation in the Amazon region or
elsewhere.50 Contrary to EPA’s FAPRI-CARD model predictions, empirical
evidence shows that during the period of corn ethanol expansion, Brazilian
deforestation actually fell significantly, and farmers responded to changes in price
primarily by using available land resources more efficiently—mostly by harvesting

45

See, e.g., Farzad Taheripour & Wallace E. Tyner, Biofuels and Land-use Change: Applying
Recent Evidence to Model Estimates, 3 Appl. Sci. 14, 15 (2013).
46

Id.

47

Id.

48

See, e.g., Holly Gibbs et al., New Estimates of Soil and Biomass Carbon Stocks for Global
Economic Models, Global Trade Analysis Project (GTAP) Tech. Paper No. 33, at 21 (2014), available
at http://bit.ly/1TuJq98.
49

See Jennifer B. Dunn et al., DOE Argonne Nat’l Lab., Carbon Calculator for Land Use
Change from Biofuels Production, ANL/ESD/12-5, at 25 (2016), available at
http://1.usa.gov/1M84WIT.
50

See 2017 USDA LCA, supra note 8, at 60–66.
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land more often (“double cropping”)—not expanding acreage.51 That is particularly
true for Brazil.52
EPA’s 2010 LCA, however, does not take into account the “non-yield”
intensification of cropland through techniques like double cropping.53 Thus, EPA
overstated the carbon intensity of corn ethanol.54 As the USDA’s recent lifecycle
analysis shows, when the updated 2013 GTAP model is further adjusted to account
for this new empirical evidence, ILUC emissions for corn ethanol fall to an almost
insignificant 1.3 g CO2e/MJ.55
Despite this new evidence, EPA’s 2016 response to a Request for Correction
of Information (RFC) submitted by Urban Air Initiative stated that no correction to
its ILUC estimate for corn ethanol was required. The Agency claimed that because
“[s]tudies published between 2011 and 2015 vary” widely and EPA’s estimate “is
still within the range.56 Six of the twelve studies cited by EPA, however, are
European biofuel studies of no apparent relevance to ILUC emissions from corn
ethanol produced in the United States.57 Another study cited by EPA is based on a
2009 working paper that uses the same erroneous FAPRI-CARD model as EPA’s

51

Id. (citing Bruce A. Babcock & Zabid Iqbal, Using Recent Land-use Changes to Validate Landuse Models, 14-SR 109 (2014)).
52

See id. at 63 (showing that 76% of the increase in harvested land in Brazil is due to changes
in double cropping).
53

See Babcock & Iqbal, supra note 51, at 20–22 (criticizing the FAPRI-CARD model).

54

See id. (“The pattern of recent land use changes suggests that existing estimates of
greenhouse gas emissions caused by land conversions due to biofuel production are too high because
they are based on models that do not allow for increases in non-yield intensification of land use.
Intensification of land use does not involve clearing forests or plowing up native grasslands that lead
to large losses of carbon stocks.).
55

2017 USDA LCA, supra note 8, at 125, Table 3.43 (estimating ILUC emissions at 1,326 g
CO2e/mmBTU).
56

EPA, Response to RFC 16003, at 1 (Dec. 8, 2016), available at
https://www.epa.gov/sites/production/files/2016-12/documents/epa_response_to_rfc_16003.pdf.
57

See id. at 1, nn. 4, 6, 8, 9, 10, 11 (citing studies).
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2010 LCA analysis.58 In the other studies EPA cited in its response to the RFC, the
mean ILUC emissions are lower than EPA’s 2010 estimate.59
USDA’s study shows that a plausible range of ILUC emissions from corn
ethanol based on recent scientific estimates extends from 18.9 g CO2e/MJ to 1.3 g
CO2e/MJ, significantly below EPA’s 2010 LCA estimate of 30.3 g CO2e/MJ.60
2. Domestic Land-Use Change Emissions
In its 2010 LCA, EPA estimated that corn ethanol’s domestic land use change
emissions would reduce corn ethanol’s carbon intensity by 3.8 g CO2e/MJ.61 EPA
developed its estimate using the Forest and Agricultural Sector Optimization Model
designed by Texas A&M.62
This estimate may be too low, because EPA’s model assumes corn ethanol is
grown with conventional tilling practices.63
Since EPA’s 2010 LCA, new evidence has demonstrated that reduced tillage
practices—particularly no-till agriculture—significantly increase soil organic carbon
in corn soils. A multiyear study of South Dakota surface soil samples (0-15 cm in
depth), led by soil scientist David Clay, found clear evidence that no-tillage practices
(and higher corn yields) increase soil carbon sequestration.64 The study used
laboratory surface soil samples submitted by agricultural producers. From the

58

Id. at 1 n.3 (citing Jerome Dumortier et al., Sensitivity of Carbon Emission Estimates from
Indirect Land-Use Change, Working Paper, 09-WP 493 (July 2009),
http://www.card.iastate.edu/products/publications/pdf/09wp493.pdf.)
59

See id. at 1, n. 5, 7, 12, 13, 14 (citing studies).

60

2017 USDA LCA, supra note 8, at 127, Figure 3-4.

61

2010 RFS RIA, supra note 1, at 362, Figure 2.4-19.

62

Id. at 355.

63

2017 USDA LCA, supra note 8, at 155.

64

See David E. Clay et al., Corn Yields and No-Tillage Affects Carbon Sequestration and Carbon
Footprints, 104 Agron. J. 763 (2012) [hereinafter Clay et al., Carbon Sequestration]; see also David Clay et
al., Tillage and Corn Residue Harvesting Impact Surface and Subsurface Carbon Sequestration, 44 J. Environ.
Qual. 803 (2015) [hereinafter Clay et al., Tillage and Corn Residue].
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laboratory results, Clay concluded that the soils studied were now net “carbon
sinks,” thanks, in part, to the adoption of reduced tillage and no-tillage practices, as
well as increased corn crop yields over the years.65 Over a period of three years, Clay
found that the average carbon sequestration rate was 341 kg of carbon per hectare per
year.66 Over a longer period of 25 years, Clay concluded that the average carbon
sequestration rate was 386 kg of carbon per hectare per year.67 This is equivalent to
an annual carbon intensity credit of 18.2 CO2e/MJ for that time period.68
Studies of deeper soil samples have shown even greater increases in soil
carbon from reduced tillage. For example, a 2012 USDA study collected soil samples
from as deep as 150 cm below the surface of experimental no-till fields in Nebraska,
measuring changes in soil organic content over nine years.69 The study found that
improved agricultural management practices can double or even quadruple total soil
organic carbon when deep soil is taken into account.70 The study found average
annual increases of more than 2 metric tons of soil organic carbon per hectare, with
over 50% of the carbon sequestered deeper than 30 cm in the soil profile.71 The
sequestration rates found by the study “greatly exceed the soil carbon credits that
have been used in modeling studies to date for maize and switchgrass grown for
bioenergy.”72 Other recent USDA studies have reached similar results.73

65

Clay et al., Carbon Sequestration, supra note 64, at 769.

66

Id. at 768.

67

Id.

68

See Appendix, infra p. 23.

69

Ronald F. Follett et al., Soil Carbon Sequestration by Switchgrass and No Till Maize Grown for
Bioenergy, 5 Bioenerg. Research 866, 867 (2012), available at http://bit.ly/1QIHAPv.
70

Id. at 867.

71

Id. at 873.

72

Id.

73

See Ardel D. Halvorson & Catherine E. Stewart, Stover Removal Affects No-Till Irrigated Corn
Yields, Soil Carbon, and Nitrogen, 107 Agron. J. 1504 (2015).
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In light of these studies, EPA should update its lifecycle analysis to include a
pathway for corn cultivated with reduced tillage practices.74
3. Domestic Farm Inputs and Fertilizer N2O
According to EPA’s 2010 LCA, domestic farm inputs accounted for 9.8 g
CO2e/MJ of corn ethanol’s lifecycle emissions in 2022, or 13% of total lifecycle
emissions.75 A significant fraction of these emissions result from N2O emissions from
the application of nitrogen fertilizer to corn fields, as the applied nitrogen is released
as N2O through a biochemical process of microbial “nitrification” and
“denitrification” that is stimulated when nitrogen fertilizer application exceeds plant
needs.76
EPA’s estimate for domestic farm inputs needs correction for at least two
reasons. First, it uses outdated U.N. Intergovernmental Panel on Climate Change
(IPCC) guidelines to calculate the effect of N2O emissions on global warming.
Second, it ignores available technologies that reduce N2O emissions by reducing
fertilizer losses.
a. The 2010 LCA Uses Outdated IPCC Guidelines.
Because a molecule of N2O contributes more to climate change than a
molecule of CO2, a conversion factor, known as a global warming potential (GWP),
is used to convert N2O emissions to a CO2-equivalent.77 For its 2010 LCA, EPA used
the GWP from the IPCC’s Second Assessment Report, which was 310.78 This value
is outdated. The IPCC’s Fourth and Fifth Assessments both recommend a lower
GWP of 298 for N2O, and in 2013, the UN updated its GHG reporting guidelines to

74

See Appendix, infra p. 55 (estimating carbon intensity credits from several studies).

75

2010 RFS RIA, supra note 1, at 334, Table 2.4-13.

76

Id. at 330, Table 2.4-8.

77

Id. at 313.

78

Id. at 313, Table 2.3 3.
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require EPA to use a GWP of 298 for N2O emissions.79 Applying this updated GWP
would reduce the contribution of N2O emissions to corn ethanol’s lifecycle
emissions.
b. The 2010 LCA Ignores Technologies that Reduce Farm N2O Emissions.
Second, because the EPA’s 2010 LCA does not include updated USDA data
on farm practices, EPA fails to account for “an increase in crop and nutrient
management strategies” that greatly decrease N2O losses.80 The most important
technologies that EPA’s 2010 LCA ignores are the increased use of nitrification
inhibitors to delay the nitrification process, and the use of precision agriculture to
optimize fertilizer application and minimize losses to the environment.81
Studies show that the use of nitrification inhibitors alone can reduce N2O
emissions from fertilizer by 19% to 60%.82 But because EPA’s 2010 LCA does not
include the latest USDA data, it does not include “changes in emissions caused by
these increasingly common practices.”83
In its recent response to Urban Air Initiative’s Request for Correction, EPA
stated that no correction to its N2O emissions estimate for corn ethanol was required
because its projected fertilizer application rate for 2022 was not inconsistent with
2010 data.84 But application rate is a separate issue from the GHG reductions

79

EPA, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2015, 1-9, 1-10 (Apr.

80

2017 USDA LCA, supra note 8, at 15–16.

81

Id. at 15.

82

Id. at 15–16 (collecting studies).

83

Id. at 16.

84

EPA, Response to RFC#16003, at 2 (Dec. 8, 2016) (emphasis added).

2017).
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achieved by nitrification inhibitors, and EPA’s data still does not account for the
effect of nitrification inhibitors on N2O losses.85
According to the USDA’s recent study, an updated lifecycle analysis would
yield a domestic farm inputs and fertilizer N2O emissions value of 8.6 g CO2e/MJ in
2014.86 By 2022, the USDA study estimates these emissions will be even lower, at 7.8
g CO2e/MJ, a significant reduction relative to EPA’s estimate of 9.8 g CO2e/MJ in
2022.87
4. International Farm Inputs and Fertilizer N2O
In its 2010 RIA, EPA estimated that international farm inputs and fertilizer
emissions resulting from its projected increase in corn ethanol would be 5.4 g
CO2e/MJ,88 or 7% of total corn ethanol lifecycle emissions, mostly as a result of
increased N2O losses resulting from an increase in crop acreage abroad.89
This estimate is too high, for at least two reasons. First, as already mentioned,
EPA applied an outdated GWP for N2O emissions that was too high. Second, the
international land-use changes on which EPA’s estimate was predicated are based on
outdated models, and have not in fact occurred.90 The USDA’s recent lifecycle
analysis estimates a more realistic 2.1 g CO2e/MJ for international farm inputs and
NO2 emissions from fertilizer, significantly below EPA’s 2010 LCA estimate.

85

2017 USDA LCA, supra note 8, at 15 (stating that while USDA data “already reflect the
effects of precision agriculture through the reduced fertilizer use per bushel of corn harvest . . . use of
nitrification inhibitors is not reflected in estimation of N2O emissions.”).
86

Id. at 95, Table 3-10.

87

Id. at 157, Table 4-3.

88

2017 USDA LCA, supra note 8, at 95, Table 3-47 (reporting EPA’s value at 5,720 g
CO2/mmBTU).
89

See 2010 RFS RIA, supra note 1, at 342, Table 2.4-16 (estimating corn ethanol international
N2O emissions at 3.38 kg CO2e/mmBTU).
90

2017 USDA LCA, supra note 8, at 95.
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B. Ethanol Fuel Production
In its 2010 LCA, EPA estimated that ethanol fuel production at biorefineries
would account for 28.4 g CO2/MJ, or 38% of EPA’s estimated carbon intensity for
corn ethanol.91 This value needs to be corrected because it underestimates ethanol
plant yields and it fails to fully account for corn ethanol co-products.
1. Ethanol Plant Yields
EPA’s estimate of ethanol fuel production emissions is in part a result of its
underestimation of the ethanol yield—the amount of ethanol that biorefineries
produce from each bushel of corn. EPA’s 2010 LCA predicted a yield of “2.71
gallons per bushel for dry mill plants and 2.5 gallons per bushel for wet mill plants.”92
This implies a weighted average yield of 2.63 gallons per bushel for ethanol plants.93
Based on recent data from the Energy Information Administration and
USDA, the current average yield for both wet and dry mill ethanol plants is 2.84
gallons per bushel, significantly above the yields built into EPA’s models.94
Correcting the 2010 LCA’s yield assumption would significantly reduce EPA’s
estimate of ethanol fuel production emissions.
2. Corn Oil
A proper lifecycle analysis of corn ethanol would fully account for biorefinery
co-products that displace GHG emissions elsewhere. EPA’s based its 2010 LCA
emission estimated in part on the assumption that “70% of dry mill ethanol plants”

91

Id. at 145, Table 3-63 (reporting EPA’s value).

92

2010 RFS RIA, supra note 1, at 425.

93

EPA estimated ethanol plants in 2022 would consist of 63% dry mill and 37% wet mill. Id.
at 471, Figure 2.6-3.
94

See Renewable Fuels Ass’n, Industry Statistics: Monthly Implied Average Ethanol Yield
(Gallons per Bushel) (last updated August 1, 2017), available at
http://www.ethanolrfa.org/resources/industry/statistics/#1461259890924-697180ef-b2a8 (reporting
an average yield for 2016 of 2.84).
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would extract corn oil for use as biodiesel in 2022.95 More recently, Department of
Energy scientists estimated that as of 2014, over 80% of the dry mill ethanol plants
now generate corn oil for biodiesel plants.96 A bushel of corn currently produces
about 0.55 pounds of corn oil.97 And corn oil displaces soy oil used as a feedstock for
biodiesel, reducing GHG emissions.98 GREET has been updated to include a one-toone displacement credit to account for the displacement of soy oil.99 But EPA has not
updated its 2010 LCA to reflect the increase in corn oil co-products.
C. Gasoline Lifecycle Emissions
Since EPA’s 2010 LCA, petroleum-based fuels have become more carbonintensive. As a result, the baseline gasoline carbon intensity value that EPA relied
upon in the 2010 RFS Rule is inaccurate. Even if EPA is obligated to use an arbitrary
2005 petroleum baseline to approve renewable fuel pathways,100 EPA is not obligated
to use that baseline to calculate the GHG benefits of the program. As the National
Academy of Sciences noted in 2011, a proper “comparison scenario” for ethanol
should include marginal GHG emissions “resulting from any change in the use of oil
sands and other nonconventional sources of petroleum.”101 Because gasoline’s carbon

95

See 2010 RFS RIA, supra note 1, at 428.

96

See Zhichao Wang et al., Argonne Nat’l Lab., Updates to Corn Ethanol Pathway and
Development of an Integrated Corn and Corn Stover Ethanol Pathway on the GREET Model,
ARGONNE/ESD-14/11 (2014).
97

See Scott Irwin, The Profitability of Ethanol Production in 2015, 6 Farmdoc Daily, Department
of Agricultural and Consumer Economics, University of Illinois at Urbana-Champaign, (Jan. 6,
2016), available at http://bit.ly/1phwLdh.
98

Wang, supra note 96, at 4.

99

Id. at 5.

100

See 42 U.S.C. §§ 7545(o)(1)(C), 7545(o)(2)(A)(i).

101

NRC, Renewable Fuel Standard, Potential Economic and Environmental Effects of U.S.
Biofuel Policy 195 (2011).
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intensity has increased, the corresponding GHG benefits of the RFS have also
increased.
Gasoline GHG emissions are trending upwards because of increased “use of
oil sands and other nonconventional sources of petroleum.”102 Unlike renewable fuel
producers, which are required to achieve lifecycle reduction benefits to qualify for the
RFS, EPA does not hold gasoline producers accountable for their increased lifecycle
GHG emissions.103
Methane flares from shale oil extraction have increased GHG emissions from
oil production.104 Tar sand recovery often requires carbon-intensive steam injection,
additional carbon-intensive processing to separate bitumen from tar sands, and
chemicals to reduce the viscosity of the product for transportation, increasing
extraction emissions.105 Emissions associated with refining a barrel of tar sand oil are
also higher.106 And even conventional oil is becoming more carbon-intensive. Oil

102

Jeremy Martin, Union of Concerned Scientists, Fueling a Clean Transportation Future, at
1 (2016) (“As oil companies increasingly go after unconventional, hard-to-reach sources such as tar
sands and use more intense extraction techniques such as hydraulic fracturing (fracking), dirtier
sources of oil have become an increasingly large part of the mix, and wasteful practices are needlessly
increasing emissions.”). Oil is the largest fossil fuel contributor to global warming in the United
States, contributing more than coal and natural gas. Id. at 8. For other studies on the high marginal
emissions of unconventional oil sources, see Deborah Gordon et al., Know Your Oil: Creating a
Global Oil-Climate Index, Carnegie Endowment for Global Peace (2015); Susan Boland & Stefan
Unnasch, Life Cycle Associates, Carbon Intensity of Marginal Petroleum and Corn Ethanol Fuels,
LCA.6075.83.2014 (2014).
103

See Martin, supra note 102, at 5 (“[E]lectricity and biofuels are getting cleaner because
producers are subject to careful scrutiny of the global warming emissions associated with the fuels’
production, and public policy is holding producers accountable to reduce these emissions. However,
the same level of scrutiny is not being applied to the different sources and methods of producing
gasoline. In addition, oil companies are not obligated to reduce emissions from their supply chains.
For the United States to avoid the worst consequences of climate change, all fuel producers have to
minimize their global warming pollution.”). While regulation might help mitigate GHG emissions
from tight oil, “[t]he most obvious way for the United States to reduce the problems caused by oil use
is to steadily reduce oil consumption through improved efficiency and by shifting to cleaner fuels.” Id.
at 7, 12.
104

Id. at 16–17.

105

Id. at 19–20.

106

Id. at 20.
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producers are injecting additional steam, chemicals, and gases (including methane)
to enhance oil recovery, increasing the energy and carbon intensity of conventional
oil extraction.107
EPA’s 2010 LCA understates the carbon intensity of gasoline. When EPA’s
skewed carbon intensity baseline for gasoline is corrected, corn ethanol is an even
more attractive substitute. Because of tight oil, the Department of Energy estimated
that carbon intensity of gasoline in 2014 was 94 g CO2e/MJ, higher than EPA’s 2005
baseline value.108
CONCLUSION
In 2010, EPA predicted that blending corn ethanol into gasoline would reduce
GHG emissions. The Agency was right about that, but ethanol is even better at
cutting carbon emissions than EPA gave it credit for. In the 2010 RFS Rule, EPA
estimated corn ethanol would have a carbon intensity of 74.9 g CO2 e/MJ in 2022.109
The USDA’s recent estimate is 36% lower—47.9 g CO2e/MJ.110 And when adjusted
for the soil carbon sequestration of the corn plant, the carbon intensity of corn
ethanol may fall by 18.2 g or more, depending on soil conditions, tillage practices,
and corn crop yield, resulting in a carbon intensity of 29.7 g CO2e/MJ or less.111 At
that rate, ethanol would generate at least 68% less lifecycle GHG pollution than 2005
baseline gasoline on an energy-equivalent basis. The GHG benefits of ethanol will
only grow as ethanol production becomes increasingly efficient, and gasoline
production continues to get dirtier.

107

Id. at 15.

108

See Elgowainy et al., supra note 32, at 7623 (estimating that the “total life-cycle GHG
emissions for gasoline” are 94 g CO2e/MJ).
109

2010 RFS Rule, supra note 2, 75 Fed. Reg. 14,788.

110

2017 USDA LCA, supra note 8, at 166.

111

See Clay et al., Carbon Sequestration, supra note 64, at 769; Appendix, infra p. 23.
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This analysis does not account for the fuel efficiency gains that would be
possible if ethanol were blended above the 10% level of most U.S. gasoline. By
enabling the auto industry to produce engines with higher compression ratios and
more fuel-efficient vehicles, high-octane mid-level ethanol fuel blends could achieve
significant downstream, as well as upstream, GHG reductions.112
The data and studies that were available to EPA in 2010 were inaccurate, and
they are now obsolete. The 2010 LCA is not a sound basis for estimating the costs
and benefits of the Proposed Rule or for evaluating the carbon intensity of new
ethanol producers. EPA must either adopt USDA’s updated estimate and allow for
situation-specific soil carbon adjustments, or correct the inaccuracies in its outdated
lifecycle analysis to reflect the best available science.

112

See Control of Air Pollution from Motor Vehicles: Tier 3 Motor Vehicle Emission and Fuel
Standards, 79 Fed. Reg. 23,414, 23,528–29 (Apr. 28, 2014) (“E30 or higher ethanol blends . . . could
help manufacturers who wish to raise compression ratios to improve vehicle efficiency as a step
toward complying with the 2017 and later light-duty greenhouse gas and CAFE standards. This in
turn could help provide a market incentive to increase ethanol use beyond E10.”).
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APPENDIX

Study & Year

Clay et al
(2012 LongTerm)i

Clay et al
(2015)ii

Follett et al
(2012)iii

Halvorson &
Stewart
(2015)iv

0-150 cm

0-60 cm

No-Till

No-Till

Soil Depth

0-15 cm

Tillage

Various

0-30 cm
No-Till &
Chisel

25

5

9

7

0.368

0.53

2.6

0.856

334

449

240

347

921

1240

663

959

74,144

99,826

53,378

77,214

Grams Soil Carbon /MJix

4.96

5.31

48.71

11.09

C to CO2 conversion (CO = C * 3.664)x

3.664

3.664

3.664

3.664

Credit in Grams CO2 eq./MJxi

18.2

19.5

178.5

40.6

Study Length (years)
SOC gain (Mg. /Ha./Yr.)v
Avg. Corn Yield in Study
(Bushels/Ha./Yr.)vi
Ethanol Yield (Gallons/Bushel)vii
Ethanol Energy Yield (MJ/Gallon)viii
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i

Clay, Carbon Sequestration, supra note 64. The 2012 Clay paper includes two studies. The
first, a seven-year study, estimated that surface soil carbon sequestration reduces the carbon intensity
of corn ethanol by as much 19.6g CO2e/MJ in the North-Central and Southeast regions of North
Dakota. Id. at 769. The data in this study is based on the second study, a twenty-five year study.
ii

Clay et al., Tillage and Corn Residue, supra note 64.

iii

Follett et al., supra note 69.

iv

Halvorson & Stewart, supra note 73.

v

Soil Organic Carbon (SOC) gain is expressed in annual Megagrams (Mg.) (1 Mg. = 1,000
Kg.) of carbon sequestered per year, per hectare (ha.). The .368 Mg. SOC for Clay’s 2012 study is
based on the reported average over the 25 years of the study. Clay et al., Carbon Sequestration, supra
note 64, at 768 (“[D]uring the past 25 yr, surface SOC amounts have increased at an average rate of
368 kg C (ha × yr).-1”). The 2.65 Mg. SOC gain for Clay’s 2015 study is based on the average SOC
gain, with no stover removal. Clay et al., Tillage and Corn Residue, supra note 64, at 808 (“[I]n the
combined 0- to 15- and 15- to 30-cm soil zones . . . 2.65 Mg SOC ha-1 were sequestered . . . in the 0%
residue removal treatment[].”). The 2.6 Mg. SOC gain for Follett’s study is based on the observed gain
applying 120 kg/ha of nitrogen fertilizer, with no stover removal. Follett et al., supra note 69, at 873
(“At the 120 kg ha-1 N fertility rate with no stover harvest, the annual increase in soil C was 2.6 Mg ha1
year.-1[.]”). The .856 Mg. SOC gain figure for Halvorson & Stewart’s study is based on the annual
average, with no stover removal. Halvorson & Stewart, supra note 73, at 1510 (“The estimated annual
rate of SOC gain from the FR [full stover retained] treatments over the 7yr of this study would have
been . . . 856 kg C h-1 from the . . . 0 to 60-cm soil depths.”).
vi

One bushel equals 25.40 kg of corn grain. See Iowa State, Ag Decision Maker Metric
Conversions, C6-80 (May 2013), available at http://bit.ly/1VxnEks. The average yield for Clay’s 2012
study is based on USDA historical data for the counties tested. Nat’l Agric. Research Serv., Quick
Stats, available at http://www.nass.usda.gov/Quick_Stats/; see also Clay et al., Carbon Sequestration,
supra note 64, at 768 & fig. 6. The average yield for Clay’s 2015 study is based on the reported yield of
11,408 kg. per ha., with no stover removal. Clay et al., Tillage and Corn Residue, supra note 64, at 806,
Table 1. The average yield for Follett’s study is based on the reported figure for corn grain using 120
kg of nitrogen fertilizer per ha., with no stover removal. Follett 2012, supra note 69, at 873. The
average yield for Halvorson & Stewart’s study is 8,824 kg. per ha., with no stover removal. Halvorson
& Stewart, supra note 73, at 1507.
vii
The ethanol yield is conservatively based on the USDA’s average yield of 2.76 gallons per
bushel in 2010, multiplied by the number of bushels produced every year. USDA, 2015 Energy
Balance for the Corn Ethanol Industry, Table 1 (Feb. 2016).
viii

The ethanol energy yield is based on multiplying the ethanol yield by the heating value of
undenatured ethanol used by CARB: 80.53 MJ per gallon of ethanol. CARB, Calculation of
Denatured Ethanol CI and CA RFG, http://bit.ly/1oCEj9k.
ix

Grams of soil carbon are derived by converting Mg. SOC gain into grams and dividing it by
the ethanol energy yield.
x

The carbon to CO2 conversion factor is based on a molecular weight conversion from
carbon to CO2: 1 gram of carbon = 3.664g CO2. See Carbon Dioxide Information Analysis Center,
Conversion Tables, Oak Ridge Nat’l Lab., Table 3, http://cdiac.ornl.gov/pns/convert.html.
xi

The carbon intensity credit is arrived at by multiplying the carbon conversion factor by
grams of soil carbon per MJ.
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Addendum D – Fuel Economy
October 5, 2017
Page 4
actually contains 10% denatured ethanol).24 EPA could also catalyze the development of
vehicles dedicated to operate on high-octane, midlevel ethanol blends by extending a
comparable petroleum equivalency factor for vehicles designed to operate on such blends. For
example, if in the future manufacturers can certify vehicles on an alternative certification fuel
containing 25% ethanol, EPA could decide that “one gallon of gasoline” is equivalent to 0.79
(because E25 contains 25% denatured ethanol).25 This would be consistent with EISA and
with the Administration’s goal of promoting energy independence and reducing regulatory
burdens.26

24

(0.10 × 0.15) = 0.02 + 0.9 = 0.92. To illustrate, a vehicle that receives a fuel economy rating of 25 mpg
on the E10 test fuel would receive a fuel economy rating of 27.8 mpg after the petroleum equivalency factor is
taken into account (25/0.92 = 27.8).
25
To illustrate, a dedicated vehicle that receives a fuel economy rating of 25 mpg on the E25 test fuel
would receive a fuel economy rating of 33.3 mpg after the petroleum equivalency factor is taken into account
(25/0.75 = 33.3).
26

Exec. Order No. 13783, 82 Fed. Reg. 16093 (Mar. 28, 2017) (energy independence); Exec. Order No.
13,771 82 Fed. Reg. 9,339 (Jan. 30, 2017) (regulatory burdens).
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